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Field of the Invention: The present invention relates 3 timng
Sl t he

recovery apparatus and a diversity conqynlcatlon appar at us
timng recovery .apparatus and, nore part icularly, the present inventionis
applicable to a denodul at or for use in a digital wreless comrunication
appar at usTDREEJdOBNTREKINVENTEONhi ft  Keyi ng). Description of Prior Art:
A timng recovery apparatus for.a denodul ator of a digital wreless
communi cati on &p‘E&M&NGsRE&QNERUnAPSRRIA@USleQ@ s RILVBRSATYA 6/ 252965. The

di scl osed t|n1n recover appar at us uses a phase detecting section for
initial pGPMMPN CARZPNg %863A§U§IH§ENEh§§§t%%MEHng a preanbl e pattern and

a phase detecting section for steady state based on zero cross

BACKGROUND OF THE INVENTION
Field of the Invention:

The present invention relates to a timing recovery
apparatus and a diversity communication apparatus using the
timing recovery apparatus and, more particuiarly, the present
invention is appiicable to a demodulator for;use in a digital
wireless communication appa:afus baaed on PSK (Phase Shift
Keying). | |

Deacription of Prior'Art'

A tlming recovery“apparatus for a demodulator of a
digital wireless communicatlon apparatus based on PSK is
disclosed on JP-A §/252965. The disclosed  timing recovery
apparatus uses a phaséJdetecting section for initial pull-in
that detect a clock phase by using a preamble pattern'and.a
phase detecting sectian for steady state based on zero cross
detecting that detects lead or lag of a clock éhase. Variaus
schemes for conventional diﬁersity communication apparatuses
are described in "Basics of Mobile CQmmunicatian,” Chapter 7,
edited by Institute of Electronics, Information and
Commuaication Engineers of Japan, published by Corona
Pualishing, for example.

_ FIG. 50 shows a conventional diversity receiving
apparatus including the above-mentioned timing recovery
apparatus. For simplicity of description, let the number of

branches K of the diversity of this diversity receiving



detecting that detects |lead or lag of a clock phase. Various schenes for
conventional diversity conmuniicati on apparatuses are described in "Basics
of Mobil e Conmunication,” Chapter 7, edited by Institute of El ectronics,

| nf or mat i on and Conmmuni cation Englneerg of Japan, published by Corona
Publ i shing, for exanple. FIG 50 8hows a conventional diversity
recei ving apparatus including the above-nentioned timng recovery

appar at usapparasuspbec2ty Dh dhecfiguren, re€ereheennoherads 1ar amdhd8 K of

the diversity of this diversity receiving apparatus be 2. In the
figure, réfdicate nnhgnaas,leanudlgB indicate destenting sacXiensB SAdi cate
detecting sections, and 3B indicate sanpling sections, 4 indicates a
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ref erence
point data output terminal, 7b indicates a burst gate input

terminal, 7¢ indicates a frame synchronization signal input
terminal. In the timing recovery section 5, reference
numeral 10 indicates phaee detecting section for initial
pull-in (hefeinafter, it is eelled as.an initial pull-in
phase detecting section), 11 indicates a phase detecting
section for steady state (hereinafter, it is called as a
steady state phase detecting section), 12 indicates a
filtering section for initial pull-in (hereinafter, it is
called as an initial pull-in filtering section), 13 indicates
a filtering section for steady state (hereinafter, it is
called as a steady state filtering section), 14 indicates a
phase control selectieg section, and 15_indicates a phase
controlling section.

FIG. 51 shows a constitution of the initial pull-in
phase detecting section 19, in which reference numerals 16
end 17 indicate registers, 18 indicates a subtractor, 10a
indicates a received phase data input terminal, 10b indicates
a regenerated double frequency clock input terminal, and 10c
indicates a differential data_outpuf termieel. FIG. 52 shows
a constitution of the initial pull-in filtering sectiqn 12,
in which reference numeral 20 indicates a serial-parallel
converter, 21 indicates an integrator, 22 indicates

integration controlling section, 23 indicates a ROM, 24



nuneral 10 indicates phase detecting section for initial pull-in
(hereinafter, it is called as.an initial pull-in phase detecting section),
11 indicates a phase detecting section for steady state (hereinafter, it
is called as a steady state phase detecting section), 12 indicates a
filtering section for initial pull-in (%%?ejnafter, it is called as an
initial pull-in filtering section), 13 indicates a filtering section for
st eady st dhdiChteei maregistelr,i 42acdindddadesn astdififersrdtial idata i imput
section), 14 indicates a phase control selecting section, and 15 indicates
a phase tenmipeli,nd2bedndigates a regenerRtah Iy 2 EXRWIGNGH (BFPFE t he

initial pull-in_ phase_detecting section 10, in mhicp refﬁéence nuneral s 16
and 17 i ndPPYEe tREFILERdy s 1265 inddicatess 3 reganeratGid ek iinRtties a

recei ved phase_dat a,input terninal, .10b _indi.cates .a .regenerat oubl e
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integration controlling section, 23 indicates a ROM 24
complete.signal output_terminal.- In the integrator 21,
reference numerals 26A and 26B indicates multiplier, 27A and
27B indicate adders, 28A and 28B indicate registers, 29A and
29B indicate dividers.: In the integration controlling
section 22, referencg_pumeral 30 indicates an AND gate, 31
indicates an inverte;f‘az indicafes an up counter, and 33
indicates a comparat;i.

FIG. 53 shows a constitution of fhe steady state phase
detecting section 11,'in which reference numeral lla
indicates a received phase data input terminal, 34 indicates
a polar-coordinate converter, 35A and 35B indicate zero-cross
detectors, 36 indicates a zero-cross signal synthesizing
section, 1lb indicates a LEAD signal output terminal, and llc
indicates CROSS signal output terminal. FIG. 54 shows a
constitution of the zero-cross detectors 35A and SSB,'in
which reference numeral 35a'indicate§ a data inputlterminal,
355 indicates a ;egenerated clock inpﬁt.terminal,,37A, 37B,
37C and 37D indicate registers, 38 indicates an inverter, 39A
and 39B indicate exdlusive OR gates, 35c indicates an ILEAD
gignal output terminal, and 354 indicates a QCROSS signal
output terminal.

FIG. 55 shows a constitution of the steady state

filtering section 13,'in which a reference numeral 13a



. *.
-3- indicates a register, 12a indicates a differential data input
termnal, 12b indicates a regenerated QL? frequency clock input term nal,
12c indicates a regenerated clock input termnal, 12d indicates a burst
gate input termnal, 12e indicates a tjmng phase difference data output
termnal, and 12f indicates a timng phase difference data cal cul ation
conplete signal output termnal. In the integrator 21, reference nunerals
26A and 26idicaliestframe sympthmoni 25 emdsi@Tal | inpett texnimal, 23bB and 28B
i ndicate registers, 29A and 29B indicate dividers. In the integration
control | iimdicakes ¢n plrse gentweke somplete 3pignal chredt sherminad: e1391
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synt hesi zing section, I cat es signal output termnal, and 1lc

i ndi cat esa(CRER 18 a s TBELdLr DA nafddteS4a Showst ashLposti t api on of
the zero-cross detectors 35A and 35B, in

indicates an UP/DOWN counter, 43A and 43B indicate

comparators, 44 indicates an OR gate, 13g indicates an UP
signal output terminal, and 13h indicates a DOWN signal
output terminal. '

: FiG. 56 shows a constitution of the phase control
sélecting section 14, in which reference numeral l4a
i@dicates a timing phase différence data calculation complete
signal input terminal, 14b indicates an UP signal input
terminal, l4c indicates a DOWN signal input terminal, 14d
indicates a timing phase difference data input terminal, 45
indicates an UP/DOWN data generating section, 46 indicates a
gate circuit, and l4e indicates a phase control data output
terminal. FIG.'57 indicates a constitution of the phase
controlling section 15, in which reference numeral 15a
indicates a phase control data input terminal, 15b indicates
a regenerated 2" times (for example 32 times) frequency clock
input terminal, 47A and 47B indicate comparators, 48
indicates an AND gate, 49 indicates an m~bit up counter, 50
indicétes a 1/2 divider, SlA and 51B indicate inverters, 15c¢
;ndicates a regenerated 1/2-times frequency clock output
terminal, 154 indicates a regenerated clock output terminal,
15e indicates a regenerated double frequency clock output

terminal, 15f indicates a regenerated l6-times frequency



whi ch reference nuneral 35a indicates a data input termnal, 35b indicates
a regenerated clock input termnal, 37A, 37B, 37C and 37D indicate

regi sters, 38 indicates an inverter, 39A and 39B indi cate exclusive OR
gates, 35c indicates an | LEAD S|gnal F$tput termnal, and 35d indicates a
QCRGCSS signal  output term nal. G 55 shows a constitution of the
steady state filtering section 13, in which a reference nuneral 13a-

-4-  indickack dutput sterminml 2z andnl g ghndicapes acphbsel condyoli ndi cat es
a phase control conplete signal input termnal, 13c indicates a LEAD
S|gnal|rﬁﬁﬂp¥ﬁﬁﬁn$k9na%iﬁpﬁﬁﬁﬁcﬁ&%ﬂi%?tﬂcs signal input termnal, 13e
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i ndi cat epEerXWVbed WAl th@ Wl rd SE§1 Rébeiving apparatus in its
entirety will be described. 1In this exampie; for reduction
in size and power consumption,.thé demodulator of the
receiving apparatus for digital mobile communiéation operates
by using only phése information, discarding amplitude
information. That is, the demodulator operates by using only
a baseband receive phase signal obtained by detecting the
carrierlsignal that ﬁassed the limiter. Also, in this
egample, delay detecting based on n/4 shift QPSK (Quadrature
PSK) is used for demodulation. In the conventional diversity
receiving apparatus, two antenhas 1A and 1B receive a PSK
signal. Two detecting sections 2A and 2B detect the received
signél to output an analog baseband receive phase signal and
a receive signal power. The detecting sections 2A and 2B are
each composed of a limiter, a bandpass filtering section,
mixer, and other analog deviceé.

Thé sampling_sections 3A and 3B each oversample each
analog baseband receive phase signal at a double frequency
double of a symbol frequency to output quantized baseband
receive phase data. Here,'it is assumed that the phase
resolution of the baseband receive phase data be 5 bits. The
diversity secfion 4 delay-detects the baseband phase signals
outputted from thé sampling sections 3A and 3B. An automatic
frequency controlliﬁg section in the diversity section 4

removes a carrier frequency deviation from each baseband



FIG 56 shows a constitution of the phase control selecting section 14, in
whi ch reference nuneral 14a indicates a timng phase difference data

cal cul ation conplete signal input termnal, 14b indicates an UP signal
input termnal, 14c indicates a DOM signal input termnal, 14d indicates
a timng phase difference data input termnal, 45 indicates an UP/ DOAN
data generating section, 46 indicates a gate circuit, and 14e indicates a
phase copghasie daiignalit pUther erthenalivét$ity /sectiont 4sperfommsi siighad of

t he phase controlling section 15, in which reference nuneral 15a

i ndi cat esynriilesis aueh @s calkectine synthesis, 1eguiviaientegain regenerated
2[err] times (for exanple 32 tines) fre uenc% clock,  input termnal, 47A

and 47B Syaythasis Spdianipun aric Rynrihesig degpribed 12othRdi cates an
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regener atgd alA-dd #8Stdd BULLKahd receive phase data outputted from the

detecting sections 2A and 2B to output the éynthesized
baseband receive phase data to the timing recovery section 5
and the Nyquist point extracting section 6.

The timing recovery section 5 outputs a’ regenerated
double frequency clock to be used by the sampling sections 3A
and 3B. The timing recovery section 5 controls therclock
phase such that the double regenerated clock samples Nyquist
points of the baseband receive phase data every two samples.

" Consequently, the ﬁyquist point of the baseband receive phase
data after delay detecfion also appears, every two samples,
in the baseband receive phase data after synthesis outputted
from the diversity section 4. The Nyquist point extracting
section 6 extracts the Nyquist point coming from the baseband
receive phase data from the synthesized baseband receive
phase data outputted from the diversity section 4. Further,
the extracting section polar-coordinate converts the
extracted phase data to output in-phase Nyquist point data
and orthogonal Nyquist point data.

The following describes the above-mentioned operations
with reference to the timing chart of FIG. 58. - The curves of
(A) and (C) of FIG. 58 indicate the baseband receive phase
data detected_by the detecting sections 2A and 2B. The

baseband receive phase data are the data obtained by



clock output termnal, and 15g indicates a phase control conplete signal
out put term nal . The operations of the above-nentioned conventi onal
diversity receiving apparatus will be described. First, the operations of
the diversity receiving apparatus in itg entirety will be described. In
this exanple, for reduction in size and power consunption, the denodul ator
of the receiving apparatus for digital nobile comunicati on operates by
usi ng onlpexfuselngfrf4reshioft QIPSK aoxnli theadptat pdtternf annwhich. "0RAt i s,

t he denodul at or operates by using only a baseband receive phase signa

obt ai ned and dtQctreppat oy cthe imepRingashownt iBak3€d BAe | FRTter. Al so, in
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oversanpl e each anal og baseband recei ve phase signal at a doubl-e frequency

' 0 at a symbol interval. However, the baseband receive phase
data indicating this phase'jitter is distorted by the
influence of noise or phasing as indicated by the curves of
(A) and (C) of FIG. 58. A tiny circle in thé figure shows a
Nyquist point, of which phase originally indicates 0 and n/4.
However, by the influence of noise and phasing, the phase at
Ngquist point takes a different vaiue at a position at &hich
the received signal power outputted from the detecting
sections 2A and 2B dropsL The received_signal power
outputted from the detecting sections 2A and 2B are shown in
(B) and (D) of FIG. 58.

The sampling sections 3A and 3B sample the baseband
receive phase data (A) and (C) respectively by the
regenerated double frequency clock outputted from the timing
recovery section 5 shown in (F) of FIG. 58. The sampled data
are indicated by vertical lines in (A) and (C) of FIG;-SB.
The diversity section 4 delay-detects the sampled baseband
receive phase data shown in'(A) and (C) of FIG. 58. If not
affected by noise or phasing, the delay-detectéd Nyquist
point phase data show n/4 and -n/4 alternately. Then, the
diversity section 4 performs signal synthesis by selective
synthesis, equivalent gain synthesis or maximum ratio

synthesis by using two pieces of delay-detected baseband



doubl e of a synbol frequency to output quantized baseband receive phase
data. Here, it is assuned that the phase resolution of the baseband
recei ve phase data be 5 bits. The diversity section 4 delay-detects the
baseband phase signals outputted fronlgbe sanpling sections 3A and 3B. An
automatic frequency controlling section in the diversity section 4

renoves a carrier frequency deviation fromeach baseband '

-6- phaseeceiel phasendatacand vohei recetvedonignpdr powars (Bgnand {Pithesis
such as sel ective synthesis, equivalent gain synthesis or maximumratio

synt hesi CHRLTHIRG Fhe delavrdotesked  baseband rereive.phesefafsyi | e
Communi cation” b usi hg the.received sigpal poyer and_t t Leces of
del ay- det%@fe@a ﬁ%%%%ﬁﬁgr%%‘z%%@%%‘ha}% \ﬁ?ﬁ”ﬁﬁ? pﬁ?%ﬁ POE‘EI) h\é\@ g'g écting
sections and 2B to output the synthesized baseband receive phase data
to the timng recovery section 5 and the Nyqui st point extracting section
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recovery deldy-adetectad rvaseband cte@cgive phase data (E) to control the
clock phases of the'regenerated double frequency clock (F) of
FIG. 28 and the regenerated clock.(G) such that the rise
position of each of these clocks comes to a Nyquist point.
In the example of FIG. 58, the phase differehce between the
rise of the Nyquist point and the regenerated clock is n/2
initially, but as time gbes by, this phase difference
converges to zero gradually. The Nyquist point extracting
section 6 extracts the delay-detected base band receive phase
data (E) at the rise of the regenerated clock (G) as Nyquist
point data to output the same as in-phase and orthogonal
Nyquist point data shown in (H) and (I) of FIG. 58.
Consequently, in the first half of the timing chart, the
Nyquist point extracting section 6 outputs the data that are
deviated from the Nyquist point by n/2 as the Nyquist point
data; in the last half of the timing chart, the extracting
section 6 can output the inherent Nyquist point data by the
clock phase control performed by the timing recovery section
5.

The operation of the timing recovery section 5 will be
Qescribed. The present diversity apparatus receives burst
data as shown in FIG. 60. The timing recovery section 5 uses
a data pattern that repeafs "01l" and "10" called a preamble

pattern in the head of the burst data to calculate a timing



phase such that the doubl e regenerated clock sanples Nyquist points of the
baseband recei ve phase data every two sanples. Consequently, the Nyqui st
poi nt of the baseband receive phase data after delay detection also
appears, every two sanples, in the basgband receive phase data after
synthesis outputted fromthe diversity section 4. The Nyqui st point
extracting section 6 extracts the Nyquist point comng fromthe baseband
recei ve phase dbiffdrmenue Endy mthadie eshim sebred pextoxms phaseldecka
outputted fromthe diversity section 4. Further, the extracting section
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controlling, the timing recovery section 5 performs a timing
phase following operation by using a random pattern
(including a unique word pattern for frame synchronization)
shown in FIG. 60. The timing phase following operation is
performed by the steady stéte phase detecting sectiqn 11 and
the steady state filtering section 13. :
. First, the clock phase initial puli-in contrqI’bperation
w;ll be described. The initial pull-in phaseadetegting
section 10 uses the synthesized delay-detected baseband
reéeive phase data outputted from the'diversity section 4 to
output differential data that provides a phase detection
signal. The initial pull-in filtering section 12 integrates
the differential data. The initial pull-in filtering secfion
12 outputs the timing phase difference data indicating the
phase difference between Nyquist point and regenerated clock |
and the timing bhase difference data calculation complete
signal indicating the completion of the timing phase -
difference data calculation. :The initial pull-in phase
detecting section 10 and fhé initial pull-in filtering
section 12 calculate the timing phase difference by using the
preamble pattern. It should be noted that the timing phase
difference cannot be calculated from a random pattern in
which data change irregulérlyg

The operations of the initial pull-in phase detecting



and "10" repeat by the mapping shown in FIG 59. For sinplicity of
description, no carrier frequency deviation is given to the baseband
recei ve phase data. Wen the data pattern in which "00" and "01" repeat
is nodul ated by [err]/4 shift QPSK, thg,phase fluctuates fromO to [err]/4
or fromf[err]/4 to o at a synbol interval. However, the baseband receive
phase data indicating this phase jitter is distorted by the influence of
noi se or phatiog 36 Andi theednbyiahepulivdn Siltemingnsectiost 12 @1138. A
tiny circle in the figure shows Nyqui st point, of which phase orlglnally
i ndi cat esP® GﬁECFEPﬁF/HithH6ﬁ€9§Fn°BytPh§thFﬁWéH9écgﬁrﬁbpgp $asi ng,
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the regenerated double frequenty clock outputted fromthe timng recovery

section 5ifAddpated bY) aotihiyGeib8uitheakanphdedab® 3n/2 and cad/dd by

vertical lines in (A) and (C) of FIG 58. The diversity section 4

del ay- det @atternateimnphidsbaaéifantiedr byenod sphase tiet dikieows ishowl) iand (O

of FIG S?A)Igfng&G. 61l. The registers 16 and 17 that operate on the
regenerated double frequency clock entered from the inpﬁt
terminal 10b perform re—timihg on the basebahd receive phase
data to delay the same by ope:symbol as shown in (B) of FIG.
61. The subtractor 18 subtfébts the baseband receive phase
deta delayed by one symbol }fom the baseband receive phase
data to generate differential data as shown in (C) of FIG. 61
and output the same from the ocutput terminal 10c. Therefoge,
the differential data at the Nyquist points indicate the n
and -rn values alternately. It is assumed here that the phase
difference between Nyquist point and regenerated clock be'
7n/4 as shown in (E) of FIG. 61l.. In this case, the vertical
line in (C) of FIG. 61 provides the data sampled by the
regenerated double frequency clock. '

The differential data entered from the input terminal
12a are serial-~parallel converted by the serial-parallel
converter 20 into data of two sequences in which even-number
data and odd-number data are separated from each other. The
multipliers 26A and 26B the data of two-sequences by 1 when
the regenerated 1/2 frequency clock coming from the input

terminal 12b is logic "1” or -1 when the same is logic "O"

shown in (F) of FIG. 61. Then, the data of two sequences are



af fected by noise or phasing, the del ay-detected Nyqui st point phase data
show [err]/4 and -[err]/4 alternately. Then, the diversity section 4
perfornms signal synthesis by selective synthesis, equivalent gain
synthesis or maximumrati o synthesis qi usi ng two pi eces of del ay-detected
baseband recei ve phase data“and the received signal power (B)
and (D), outputting the del ay-detected baseband receive phase data after
synt hesi sdmdirafiddd\datd timdlcdted by wéricdl @t ted8lines shdwm thni ng
recovery section 5 uses the synthesized delay-detected baseband receive
phase dat(®€)X Bf tRIGorfi¥ol Aseshawmcin plakesf FIGheb} egb®trBR@d doubl e
frequency clock. (F) of FIG 28 and the regenerated clock (é?rﬁugp t.hat the
rise pogvEyubendplt seuanes cﬁ:@%e’édwé%t%%l’acﬁﬁ%?s?ep i it:=4 f1 he
exanple of FIG ce between
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data séquence G, and H, are accumulated by J times (J22) by

two accumulators composed of adders 27A and 27B and registers

28A and 28B respectively.

The clock to operate the two accumulators by J times is
realized by performing a logical product operation by the AND
gate 30 between the regenerated clock and the gate signal
that iqdicates logic "1" during J symbol period at input of
the pré;mble pattern. The comparator 33 indicates logic "0
when the output of the up counter 32 is less than J. The up
counter 32 starts counting at the rise of the burst gate
signal enteréd from the inéut termiﬁal 12d in the timing
shown in FIG. 60. The gate'signal is generated by inveftipg
the output of the comparator 33 that compares the output of
the up counter 32 with J.

The two data sequence G, and H; accumulated by J times
are divided by J in thé dividers 29A and 29B respectively.
Therefore, mean value GA of G, thro_ugh G, and mean value HA
of Hl'through.H, are obtained. The GA and HA are entered in
ROM 23; from which the timing phase difference isloutputted
based on the input-output relationship shown in FIG. 62. As
ﬁescribed above, the output of the comparator 33 rises from
logic "O" to "1" when the output of the up counter 32 exceeds
J. The timing phase difference can be obtained at this point

of time, the output of the comparator 33 is outputted from



section 6 extracts the del ay-detected base band recei ve phase data (E) at
the rise of the regenerated clock (G as Nyquist point data to output the
same as in-phase and orthogonal Nyquist point data shown in (H and (1) of
FIG 58. Consequently, in the first haly of the timng chart, the Nyquist
poi nt extracting section 6 outputs the data that are deviated fromthe
Nyqui st point by [err]/2 as the Nyquist point data; in the |ast half of
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controlling. The calculation of the timhng phase difference is perforned

by the initial Thel following describes the timing phase following
operation to be performed by thé steady state phase detecting
section 11 and the steady state filtering section 13 after
the clock phase initial pull-in control. Following the
initial pull-in control, the steady state phbée detecting
section 11 and the steady state filtering section 13 perform
phase contiol. The steady state phase detecting section 11
uses the synthesized delay-detected baseband receive-phase
data outputted from the diversity section 4 generates a LEAD
signal that indicates whether the current timing phase is
advancing or lagging and a CROSS signal that indicates that
the LEAD siQnal is valid. In what follows, the operation of
the steady state phase detecting section 11 will be |
described. The delay-detected baseband receive phase data
coming from the input terminal lla is converted by the
polar-coordinate converter into IDATA that indicates an
in-phase component and QDATA that indicates an orthogonal
component. The IDATA and the QDATA are entered in the
zero-cross detectors 35A and 35B respectively. |

The registers 37A ahd 37B in the zero-cross detector 35A

of FIG. 54 sample the IDATA entered from the input terminal
35a at the rising and falling of the regenerated clock.
Hére, let sample data of the IDATA at the falling edgé of the

regenerated clock obtained by the inverter 38 énd the



phase det

ecting section 10 and the initial pull-in filtering section

12.

After the clock phase initial pull-in controlling, the timng recovery
section 5 perforns a timng phase follow ng operation by using a random

pattern

(including a unique word patteyn for frame synchronization)

in FIG 60. The timing phase follow ng Uperation is - performed by the

st eady st

ate phase detecting section 11 and the steady state filterin

shown

g
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10 and the initial pull-infiltering section 12 calculate the timng
di fferencé30¥)usndg68(iB):preanble pattern. It should be noted that the
ti mng phase

N, x N,y <0 see (1)
In this case, if N, x Z, > O, eee (2)

it indicates that the clock phase is advancing before

the Nyquist point as shown in FIG. 63(A).

IfN x2Z, <0 eees (3)

. it indicates that the clock phase is laggihg behind the
Nyquist point as shown in FIG. 63(B).

In the above-mentioned example, DPLL (Digital Phase
Locked Loop) is used for clock phase control. Sample data
are used as one-bit decision data. The exclusive OR gate
performs an exclusive OR operation between the data N, and
the data N, which is one symbol before the data N, to
output a signal that indicates the detection of data zero
cross. When the zero crosé is detected, an ICROSS signal of
logic "1" is outputted from.the output terminal 35d. Thé
ILEAD signal that indicates the lead or lag of the clock
phase is obtained by performing an exclusive OR operation
between thé data Z, (n=1; 2, 3, ee¢+) re-timed at the rising
of thé regenerated clock by the register 37C and N, (n=1, 2,
3, ee0) oﬁtputted from the register 37B. Namely, the output
of the exclusive OR gate 39A indicates the ILEAD signal. If

the clock phase is advancing, the ILEAD signal of logic "0O"

es
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hase
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hase
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di fference cannot be calculated froma random pattern in which data change
irregul arly. ~ The operations of the initial pull-in phase detecting
-10- section 10 and the initial pull-in filtering section 12 wll be

described with reference to the tim'ng1 hart of FIG 61. |In the baseband
recei ve phase data having the preanbl€ " pattern entered fromthe input
termnal 10a of the initial pull-in phase detecting section 10, the
Nyqui st psi stsputbdiceren BlieaottputcteeminalaB&cyalifethel cdjomk [Phasend
-[err]/4 alternately unless affected by noise or the |ike as shown in _ (A
of FIG #8.lagginggi ther ILEBDamdignalt pft logdcat'd "od st putputd@de QM doubl e
frequency clock entered fromthe input termnal 10b performre-timng on

t he basePafdovEpBtvEepRaBal d8Fa to del ay the same by one synbol as shown
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detector 35A. The zero-cross detector 35B outputs the QCROSS
signal that indicates whether QDATA zero cross occurred or
not and the QLEAD signal that indicates whether the clock
~phase is advancing or lagging. The zero-cross signal
synthesizing section 36 generates the LEAD signal.and the
CROSS signal from the ILEAD, ICROSS, QLEAD, and QCROSS
signals to output the LEAD signal from the output terminal
ilb and thé CROSS signal from the output terminal llc. The
LEAD signal and the CROSS signal are outputted.according to
the condition of FIG. 64. The LEAD signal is bbtained by a
logical OR operation betﬁeen the ILEAD signal and the QLEAD
signal. The CROSS signal is also basically obtained by a _
logical OR operation between the ICROSS signal and the QCROSS
signal; however, if the ICROSS signal and the QCROSS signal
are both logic "1's" and the ILEAD signal and the QLEAD
signal have different values, then the CROSS signal is set to
logic “"O".

The steady state filtering secfion 13 of FIG. 55.‘
averages the LEAD éigﬁal coming from the inpuf terminal 13c
if the CROSS signal coming from thé input'terminal 134 is
logic "1". Then, if the filtering section 13 determines that
the timing phase is lagging,_the filtering-section 13 outputs
an UP signal that leads the timing phase from the output

terminal 13g; if the filtering section 13 determines that the



the differential data at the Nyquist points indicate the [err] and -[err]
val ues alternately. It is assuned here that the phase difference between
Nyqui st point and regenerated clock be 7[err]/4 as shown in (E) of FIG
61.. In this case, the vertical line in(C of FIG 61 provides the data
sanpl ed by the regenerated doubl e frequency cl ock. The differential
data entered fromthe input termnal 12a are serial-parallel converted by
t he seri atingngl pedse chavadvanc2fig| nthedfidterihgoseedioncds ioutputsh a
even- nunber data and odd-nunber data are separated from each other. The
mul tipl i FCWYcignyl 2teathdeliaya thet téminguphase Syom hen outiput

regenerated 1/2 frequency. clock coming . fromthe inpyt. termnal 12b is
| ogi ¢ "lﬁt%ﬁm4q§%h£ﬁhthe¥§§név?§agﬁﬁgcisolmPéﬁgﬁﬂtEH Pﬁ)t%P BFEDQN  Then
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The UP/DOWN coghter 42 is enabled. when the burst gate signal
of FIG. 60 is entered as logic "1" from the input terminal
13e and the CROSS signal that indicates the detection of zero
cross is logic "1".

FIG. 65 shows the timing chart of the oberation of the
steady state filtering section 13. The UP/DOWN counter ‘is
initially set to a value Nx. Then, the UP/DOWN counter
down-counts if the LEAD signal indicates a phase lead or
up-counts if the LEAD signal indicates a phase lag. The
6utput-of the UP/DOWN counter 42 is compared with 2Nx in the
comparator 43A and with O in the comparator 433. Detecting a
match, these comparator output logic "1" each. Value 2Nx is
generated by one-bit éhifting'Nx by the bit shifter 41. When
the counter value reaches 2Nx as shown in (é) of FIG. 65, the
up signal of logic "1" is outputted from the éomparator 43A
to the output terminal 13g. When the count value reaches O
as_shqwn in (b) of FIG. 65, the DOWN signal of.logic "1l" is

outputted from the comparator 43B to the output terminal 13h.

The signal of logic "1" coming from the comparator 43A
or 43B is also a load signal to the UP/DOWN counter 42;
Therefore, when the signal of logic "1" is outputted from the
comparator 43A or 43B, Nx is set again to the UP/DOWN

counter. The first loading of Nx is performed by the phase



be Herr] (i=1, 2, 3, ...) as shown in (C) of FIG 61. The two data
sequence Herr] and Herr] are accunulated by J tines (J[err]2) by two
accunul ators conposed of adders 27A and 27B and registers 28A and 28B
respectively. The clock to operate the]t mo accurul ators by J times is
realized by performng a |ogical product” operation by the AND gate 30

bet ween the regenerated clock and the gate signal that indicates logic "1"
during J conixsl zonplete $igual céntehedpframbibepphasencolhzoddipgr ator 33
I ndi cat es Ioglc "0" when the output of the up counter 32 is |less than J.
The up CRfFtED 3125 starthe chapet nge’éﬂ‘i’t‘ﬂk %?‘Ee brigheignadt ipgdicatipgnal

d fr I h G 60. Th
gi Z;ri.egnq?m % K oiiing BRRueratel 1A hethtonpleked, n%zaé or 33 t hat
S
'se(r:]rEence éderé%&%dsﬁgjfé accurru#gélgdsggt%n %& dsesa}:réed?ggﬂéd by J in the
di viders KﬁBthﬁ%iéﬁF&i&ﬁafﬂéhteﬂ@&rffSﬁethéﬁﬁﬁpM€|Hér&fnﬁi $Bar &b

t hr ough err] and nmean value HA Herr] through Herr] ‘are obtai ned.

The GA ardbtdAntiree efietits i the Rﬂd—i’éht f)p@mm/nm hikhphas&l pglphifiestate
difference is outputted based on the input-output relationship shown in
FIG 62. oxs sthady iskatebovin the phasetpell+ie sbaper ahbgh3gpeedes from

logic "0" to "1" when the output of the up counter 32 exceeds
pull-in is required, so that, in the phase pull-in state, the

selecting section (SEL) 40 sets Nx to a relatively small
value N, ahd, in the steé.dy state, a low jitter is required,
so that the selecting section sets Nx to a relatively lq;ée
value N,. -

The phase control selecting section 14 shown in FIé: 56
outputs the phase confrol data that indicates a controlled -
quantity from the output terminal l4e. In this example, the
resolution of the phase control is 1/32 symbol. Therefore,
the-timing phase data of 0 to 2r and the phase control data
of 0 to 2n outputted from the initial pull-in phase filtering
section 12 are both represented in O to 31. The phase
‘control by the UP signal and the DOWN signal is performed at
every 1/32 symbol. The UP signal entered from the input
terminal 14b and the DOWN signal entered from the input
terminal 14c are entered in the UP/DOWN data generating
section 45.

The UP/DOWN data generating section 45 outputs "15" when
the UP signal is logic "1", outputs "17" when the DOWN signal
'is logic "1", and outputs "16" otherwise. The gate circuit
46 holds the phase control data to "16" until_the calculation

of the timing phase data by the initial phase pull-in



J. The timng phase difference can be obtained at this point of time, the
out put of the conparator 33 is outputted from

-12- the output termnal 12f as the tim ng phase difference data
calculation conplete signal. In additiap, the output of the ROM 23 is

| atched in the register 24 by the output' of the conparator 33. The | atched
data are outputted fromthe output termnal 12e as the timng phase

di f f erencpeaimdtiion is cdiiEldéted OW Wigenlctlie | thsitdephasendapaats fol l owing
operation to be perfornmed by the steady state phase detecting section 11
and the sneredtfremfthe cinpuyt stexmbeal 3144 teponteempletiophatethaiti al
pull-in control. Followng the initial pull-in control, the steady state

phase det@GHPtiRi9Htthe wping Phase ot qt the | g2Ee| RiTeeiti 4R 13

f h trol.. The steady state,ph tect ] op, 11
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t he di It 14 - | t L ngdi h th
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~gate circuit 46 outputs the data outputted from the UP/DOWN

data generating section 45 as the phase confrol data. The
completion of thé timing phase data calculation can be known
by the timing phase data calculation cqmplefé signal entered
from the input terminal 1l4a. L

In the phase controlling.sectiogfls of FIG. 57, the
UP/DOWN counter 49 up-counts by a fi;;d clock that is 32
times the symbol frequency entered from the input terminal
15b. The UP counter 49 outputs a count vaiue in 5 bits, the
most significant bit being outputted from the output terminal
154 as the regenerated clock. The counter ocutputs of the'
remaining 4 bits except for the most significant bit are
inverted'by.the inverter 51A through 51B to be a regenerated
double frequency clock through fegenerated 16-times frequency
clock. These clocks are outpﬁtted.from the output terminals
-15e through 15f respectively.  The 1/2 divider divides the
regenerated clock by 2 to generate a regenerated 1/2
frequency clock, which is outputted from the output terminal
15c.

The 5-bit output value of‘the UP counter 49 is compared'
with "16" in the comparator 47A. The comparator 47A §utputs
logic "1" if the counter output value matches "16". The

output of the comparator 47A is used as a load signal to the



the steady state phase detecting section 11 will be described. The

del ay- det ect ed baseband receive phase data comng fromthe input term na
1la is converted by the polar-coordinate converter into |DATA that _

i ndi cates an in-phase conponent and QDATA that indicates an orthogonal
conponent. The | DATA and the QDATA are ¢€fitered in the zero-cross detectors
35A and 35B respectively. The registers 37A and 37B in the zero-cross

det ect or PdAco@htét 31954 WRER! €héheoa@ASigraleigd1bgoe rhe, i ghat UPer mi nal
35a at the rising and falling of the regenerated clock. Here, |let sanple
data of t¢mumfnﬁﬁéatlohésfahe|pgasdgeontrohedatagen&eaeédfcbmckhebta|ned by

the inverter 38 and the
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value of the UP counter 49 is "16", so that the count value
does not become discontinuous. .Consequently, the phase
change of the fégeneratéd dlock“does not occur.

If the clock phase is advancing; the phase control data
becomes "17" by the DOWN signal. Theréfore,'as shown in FIG.
66(A), wheh-theHCPunt value of the UP counter 49 reaches
"16", "17" is lpéded in the UP counter 49. As a result, the
clock phase is éélayed. If the clock phase is lagging, the
phase control data becomes "L?" by the UP signal. Therefore,
as shown in FIG. 66(B), the count value of the UP counter 49
reaches "16" "15" is loaded in the_UP counter. As a résult,
the clock phase is led. .

At the time of initial phase pull-in, the phase control
data take a value 0 to 31, so that, when the count value of

. the UP counter reaches "16", a value 0 to 31 is loaded. As a
result, clock phase pull-in is realized. FIG. 67 shows an
example in which clock phase pull-in is performed when the
initial phase difference is 3n/2. By the initial pull-in
detecting section iO and the initial pull-in filtering

| section 12, the phase difference 3B/2 is outputted as timing
phase difference data "24". The timing phase.difference data
"24" is converted to phase coﬁtrol data "8". Then;”ﬁhén the
count value of the UP counter 49 reaches "16", "8" is loaded.

When the phase control has been completed; the phase



63(A) and 63(B): Nlerr] x Nerr] <0 oo (D) In
this case, if Nerr] x Zerr] > 0, ... (2) It indicates that
the cl ock phase is advancing before the Nyquist point as shown in FlIG
63(A) . If Nferr] x Z[err] <O . .. (3 , it

I ndi cates that the clock phase is Iagﬁi%@ behind the Nyquist point as
showmn in FIG 63(B). In the above-nentioned exanple, DPLL (D gital

Phase Legkedolloednpletesedghal FoiCl ngtrartialy e swtfirgy dsf athar e used
as one-bit decision data. The exclusive OR gate perforns an exclusive OR

oper at i orallaewedn thiec UPZDOWN eountard 42 o dt d \Nartgutied hfrom ottee sy nbol
before the data Njerr] to output a signal that indicates the detection of
dat a zer outpudserminad g .zcfbhec conparatan dAR conppyasRES PRABE of

logic "1™ is outputted from.the output terminal 35d. The |LEAD signal
{hat i ndPeRREL REteot Wy THa) -of Hen@ BeRaP D FORBRRR R 475
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control complete signal. Thus, the fiming phase

synchronization by the timing recovery section 5 is

performed. '

The conventional timiﬁg recovery section 5 calculates .
the timing phase difference by using 10 to 20 symbols of the
preamble data located in the head of burst data to perform
initial phase control. The time required for the initial
phase control ig a time from sfarting the signal entry to the
calculation of the timing phase difference. After the
initial phase control, the timing recovery section 5 perfo;ms
a phase following operation by using a random pattern. '
Therefore, the initial phase control cannot be perfofmed if
-the position of the preamble pattern is not known when a
portable rédio terminal is powered on in which the timing
when burst data come has not yet been established, or at the
time of recovery from such line diéconnection as blockage,
for example. In this case,; the phase detecting section for
steady state 11 and the filtering section for steady state 13
which use a random pattern perform timing phase pull-in.
HoWever, the phase pull-in using the random patterh performed

by the steady state phase detecting section 11 and the steady

state filtering section 13 is performed based on the lead or



is outputted fromthe output term nal 35c; |f t he clock phase is |agging,

the I LEAD signal of logic "1" is outputted from the output term nal 35c.

The operation of the zero-cross detector 35B with QDATA inputted is
generally the same as that of the zero-cross detector 35A. The zero-cross
detector 35B out puts the QCROSS signa@oThat I ndi cat es whet her QDATA zero
cross occurred or not and the QLEAD signal that indicates whether the

clock phageoifsthdvenfling phabagdi 8éns

19, C e 9ifJRAnoiwalidirRsi zi ng

section 36 generates the LEAD signal and the CROSS signal fromthe | LEAD,

| CRGSS,

Cr&nBnissdoQCPEEs isi gasumetioandt pxt iphdhieEAResidynaitateom t he

output termnal 11b and the CROSS si naI fromthe output termnal 1lc.
LEAD si ghialtendngheeckiss éthal serteteu "Bl t,t é@t é@é‘@ﬁjlaﬁ J{O@Q eh&igmendi ti on

of FIG 64. The LEAD si
the | LEABSsPEHIVaLRAT K

obtainedtgmigg hﬁgggakuEEngeratlon bet ween the I CRCSS signal and the

"QCROSS

In the conventional diversity receiving apparatus, the
outputs of the detecting sections 2A and 2B are sampled by
the sampling sections 3A and 3B, the results being '
synthesized by the diversity section 4. Because the
defecting sections 2A and 2B are_implementedhby analog
devices, a difference occurs between the signal delay time in
the detecting section 2A and that in the detecting section
2B. Depending on analog devices used, a delay time
difference of about n/2 in terms of phase may occur. If
there is a delay time difference between the two detecting
sections 2A and 2B, selective synthesis, equivalent gain
synthesis or maximum ratio synthesis is performed in the
diversity section 4 with the Nyquist point positions of the-
two signals offset from each other. If equivalent gain
synthesis or maximum ratio synthesis is performed on the two
signals in a phase relationship in which the Nyquist point
positions are largely offset, the synthesized signals are
distorted, deteriorating bit error rate characteristic and
synchronization characteristic. As for selectiﬁe synthesis
performed in the similar coﬁdition, the Nyquist point |
positions are offset at signal switching, thereby'temporarily

causing a timing phase difference, resulting in deteriorated

- bit error rate characteristic and synchronization

characteristic.

The
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signal; however, if the |ICROSS signal and the QCROSS signal are both logic
"1's" and the | LEAD signal and the OLEAD signal have different val ues,
then the CROSS signal is set to logic "O'. The steady state
filtering section 13 of FIG 55 averages the LEAD signal comng fromthe
input terminal 13c if the CROSS signailtomi ng fromthe input termnal 13d
is logic "1". Then, if the filtering section 13 determ nes that the

timng physpars IGHIOGHE TNVENTIdN eri ng section 13 outputs an UP signal
that | eads the tim ng phase fromthe output termnal 13g; if the filtering

section 13 detm nisvahdiwford@an object of ttime npresest isvedtioni tg, the
filtering section 13 outputs a DOM signal that delays the timng phase
from t he poovidte a& driming reStoveRir reansigfor realipingeat biighyspaedur/ DO
counter 42. The UP/DOMW counter 42 operates in the period of the

r egener attd@ifio @hase QwWd i rharastaristis mpd) 2 13pw-J¥RESEP/ DO count er

4215 enapled when (e hur ol S2le A2 ot Olnd! im0k pSILELSY BR b9 ©
recovery form line disconnection, thereby solving the
above-mentioned problems. It is another object of the
present invention is provide a diversity communication
apparatus that absorbs a time delay difference in each of
deteéting means to prevent the deterioration'in bit error
rate and synchronization characteristics otherwise causéd'by
the time délay difference.

In carrying out the invention and accordiﬁg to one

aspect thereof, there is provided a timing recovery apparatus

- comprising: phase difference means for generating, based on
received phase data sequence Y, (i being natural number 2 or
higher) obtained by sampling a received signal by an X~times
(X being natural number 4 or higher) oversampling clock, jJ

' differential data sequences including from Z, (=Y, - Y, ,)
composed of differentiél data which are difference between
pieces of received phaseldafa separated from each other by a
sample to Z,, (= Y, - Y, ;) composed of differential data which
are difference between pieces of received phase data
separated from each other b§ j samples (j being natural
number 1 or higher); phase jitter quantity calculating meéns
for converting a differential data range of j differential
data sequénce Z,, to Z,; to a range of #2n to imn in radian
notétion to obtain an absolute value thereof and output at

least one of phase jitter data sequence W,, to W;; including j



13e and the CROSS signal that indicates the detection of zero cross is

l ogic "1". FIG 65 shows the timng chart of the operation of the
steady state filtering section 13. The UP/.DOM counter is initially set to
a value Nx. Then, the UP/DOMAN counter own-counts if the LEAD signal

i ndi cates a phase |lead or up-counts iT*the LEAD signal indicates a phase

| ag. The output of the UP/ DOMNN counter 42 is conpared with 2Nx in the

conpar at Gynfidl affeqiéhicy tombbeesDSPaand oph438. dbeeetinggmeansahakinghese
conparator output logic "1" each. Value 2Nx is generated by one-bit

shi fti ng @ éwenmeubber ssahplke sgntmushzingeseouhoerinaWbécheQGHBSOZNM as
shown in (a).of FIG 65 the UP signal of logic "1" is outputted fromthe
conpar at @hass jitteredate peeaeeree nfrom sghe W\Bﬁsﬁ h3itsent qV&PGéti’e aches 0

h b f FIG 65, | N df
the conpTiHLasing om?was o%’%?)u?“?%ﬁ‘?lng?gi%ﬁn““‘ggr shaga I3 tERe dak8l o o
"1 h |
U1 Do G HErE HBIARS £0F ey néats SuhoPndy BRESSHBE stficbi® |
fromthe £COuR&L Qéoﬁéﬁh@ﬁté3f%cfﬁdéé §ﬁttﬁ3aé9eh9nﬁﬂﬁeypb95@@ jeewaker .

The first Ioadlng of I's perforned by the phase
data sequence are matched to each other, and a synthesized

signal is outputted as even-number sequence synthesi;ed
symbol frequency component data and an odd-number sample
synthesizing section in which each of phase jitter data
sequence is entered from the phase jitter guantity
calculation means, odd-number phase jitter data sequence are
delayed for synthesis such that phases of symbol frequency
éomponents included in the odd-number phase jitter data
sequence are matched to each_other, and a synthesized signal
is outputted as odd-number sequence synthesized symbol
frequency component data.

In carrying'out the invéntion and accordihg to another
aspect thereof, there is provided the timing recovery
apparatus comprising: frequency converting means for adding a
value obtained by multiplying the even-number sequence
synthesized symbol frequency component data by complex symbol
frequency component on receiving side to a. value obtained by

' multiplying the odd-number-ée@uence synthesized symbol
frequency component data by complex'symbol frequency
component on receiving side delay by B/4 in radian to
generate a complex direct-curreht component; symbol
synthesizing means for synthesizing an orthogonal component

and in-phase component of the complex direct-current



-16- control conplete signal entered fromthe phase controlling section
15 to the input termnal 13b, this signal indicating that the timng phase
control has been conpleted. The filtering section for steady state 13 uses
the frame synchronization signal entergd fromthe input termnal 13a to
det erm ne whether the current point is4°n phase pull-in state or steady
state. In the phase pull-in state, high-speed pull-inis required, so
that, in ¢dmppilast Potlcne simibel édch tel gehengteacat sgmbOIELrthOgeand Nx
to arelatively small value Nerr] and, in the steady state, a lowjitter

i s requi reatponent hai.gmhb and cat $yngoskcinophasescompepentr signalelfer ar ge
value N err]. hase control selecting _section 14 shown in FIG 56

out put-s t?ﬁcrbm‘&%m?’b egrah fhbterhRg caeaasafenfidreEdnggthftity from
th tput t 14 t hi he | f th h
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for calculating a timing phase difference between a Nyquist

point and a symbol clock_by use of the integrated orthogonal
data and the integrated in-phase data to output a calculated
phase differenée as timing phase difference data; filtering
means including symbol frequency component quantity
calculating means for calculating the symbol frequency
componént'quantity_accumulated by the integral filtering
means; timing phase control interval setting means for
outputting a signal of U (being naturél number 1 or higher)
.symbol period) as a timing phase control interval setting
signal; phase control quantity determining means for latching
the timing phase difference data outputted from the filtering
- means . in the period of the timing phase control interval
setting signal; and phase control means for dividing a base
oscillation clock of a receiving apparatus to output the
symbol ciock and the X-times oversample clock and, if the
phase control data have been entered,'controlling'phase of
the symbol clock and phase-éf_the X-times oversample clock
phase by the phase control data, resetting the integrated
qrthogonal data in the integral fingering means to zero, and
setting the symbol frequency component quantity to the
integrated in-phase data. |

In carrying out the invention and according to still



every 1/32 synbol. The UP signal entered fromthe input termnal 14b and
the DOM signal entered fromthe input terminal 14c are entered in the

UP/ DOWN data generating section 45, The UP/ DOMNN dat a generating
section 45 outputs "15" when the UP sixgnal is logic "1", outputs "17" when
the DOMN signal is logic "1", and outputs "16" otherw se. The gate
circuit:- 46 holds the phase control data to "16" until the calculation of
the tim mpYhee aRpechHythereof) ttlmr?)hbsepmvideﬂ the timing recovery

-17- operation is |l eted. When the timn hase data is entered from
Lhe | nPUARRATAYES WOREeR, the T RITRELAS | ALl ECELRG) BPaBR SPRPRLSLRGT ng

6 to Siff%mf@e‘i%g?é&@*iﬁﬁié%‘l@%a Tordte Bh% e -%“%"“ﬁ??h?g?ﬁ%néx;get cont 7 ol
data. —Afdgy %é’r'i‘th% y Laiddedy i@wc%ﬁ: Qlati gate

circuit 46 outputs a outputted on1t e UpP/ at a generatlng
section 4hrssHdEd PrEbe C ddd@ulidt fng The sedl edbteRogbnalecbmpbhénthase

data cal cul ati on can be known
signal and the symbol in-phase component signal to generate

integrated orthogonal data and inﬁegrated in-phase data and,
if the symbol frequency componént quantity exceeds the
accumulation threshold value, dividing accumulated values.of'
the symbol orthogonal component signal and the symbol
in-phase component signal by D (D being natural number 2 or
higher) to generate the integrated orthogonal data and the |
1npegrated in-phase data. -

In carrying out the invention and according to yet
another aspect thereof, there is provided the timing recovery
apparatus wherein the integral filtering means further .
comprising: accumulating means for, if the symbol frequency
component quantity indicates to be below an infinite impulée
response switching thréshold value, accumulating the symbol
orthogonal component signal and the symbol in-phase component
signal to generate integrated orthogonal'data and infegrated
in-phase data; and infinite impulse filtering means for, if
the symbol frequency component quantity exceeds the infinite
impulse response switching.threshold value, filtering the
symbol orthogonal component éignal and the symbol in-phase
component signal through an infinite impulse response'filter.

In carrying out the invention and according to a further
aspect thereof, there.is provided the timing recovery

apparatus whereiﬁ the phase difference calculating means



by the timng phase data cal cul ati on conplete signal entered fromthe

I nput term nal 14a. In the phase controlling section 15 of FIG 57,
the UP/DOWN counter 49 up-counts by a fixed clock that is 32 tines the
synbol frequency entered fromthe input,dermnal 15b. The UP counter 49
outputs a count value in 5 bits, the TSt significant bit being outputted
fromthe output termnal 15d as the regenerated cl ock. The counter outputs
of the reomprising:bihtegrated datat Absobateswvghiéi cantrebitingr meansvert ed
by the inverter 51A through 51B to be a regenerated double frequency cl ock
t hrough réereneutpettingtancgbsobybenvglue| ofkthehdntegratkd arthogopeidted
fromthe output termnals, 15e through 15f respectively. The 1/2 divider

di vi des t¢é¢ar%@%n%?a?%ﬁO%VB%kV%%u? e8 EBﬁe%&FGgﬁaFéﬂeﬁEFBPéEelﬁéta as
e S kond ek AU S LEEVR IS UM oL PR abS up
COMmar L Sinddé. olhEn GRS 1418 BUUBULEHL90: Condpartal BRgaount et ot
signal tadi®ulating means for, if an exclusive-OR operation performed
between a most significant bit of the integrated orthogonal
data and a most significant bit of the integrated in-phase
data results logic "0", multiplying the orthogonal integrated
absolute value data'bz x (x being natural number 1 or higher)
and, if the exclusivg;disjunction operation'resulted in logic
"1", multiplying the:.integrated in-phase absolute value data
by x (x being naturéi number 1 or higher) to generafe a phase
difference calculation threshold value, and adding the
integrated in-phase absolute value data to the orthogonal
integrated absolute value data to generate total absolute
value data; in-first-quadrant-range phase data calculating
means for accumulating the total absolute value data and, if
a result of the accumulation exceeds the phase difference
calculation threshold value, outputting the number of times
the accumulation of the total absolute value data was made at
that moment as in-first~quadrant-range phase data; and
quadrant indication bit adding means for generating data
indicating a quadrant from the most significant bit of the
integrated orthogonal data and the most significant bit of
the integrated in-phase data and adding the quadrant
indicating déta thus generated to the highest position of the
in-first-quadrant-range phase data to generate the timing

phase difference data.



-18- UP counter 49. Wien the |load signal is logic "1", the UP counter 49
| oads t he phase control data entered fromthe input termnal 15a. |If the
phase control data takes the value of "16" that indicates that .t he phase
control data is in the uncontrolled stgte, "16" is | oaded when the count
val ue of the UP counter 49 is "16", so that the count value does not
beconme di scontinuous. Consequently, the fhase change of the regenerated
clock does notImcearrying outfthéclnyenklpnasedi sceevdhegnt? ehstphdse

control data .  becones "17" the DOM signal . Therefore, as shown in FIG
66(A), vWﬁHF?WEFc%%ﬂ?CVaFﬁ%r%?fthEh%Fec%%n?%?vﬁge¢e55ﬁe§1m1§$"rea@YerYs
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2582?; gﬁ r eacﬁjésg qﬁ%éggv%ﬂl&'% oa egé%ls?aggfﬁ’oﬁ%n%(@ggﬁsﬁat Pgsgrt ,
the cl ockgripsfring | fdans for ﬁErf&Ehihqﬁnéﬁ-lﬁhééﬁ|c@ﬁﬁé?sﬂ@h'ohnthéhe
phase control data take a val ue to 3 so that, when the count val ue of
the UP cowntlser refichdditidiis atvaltimé whedlthe hamber. ofisadditienstofcl ock
phase pull-in is realized. FIG 67 shows an exanple in which clock phase
pul | -i n ithecrdtakvabshbute fealue data exceeded the phase difference
.calculation thréshold value to output non-linearly converted
data as the in-first-quadrant-range phase data.
In carrying out the invention and accordlng to yet
further aspect thereof, there is provided the timing recovery
.. apparatus wherein the symbol frequency component quantity
H'cglculating means comprising: absolute value comparing means
for outputting the larger one of an absolute value of the
integrated orthogonal data and an absolute value of the
integrated in-phase data as the symbo; frequency component
gquantity. |
In carrying out the invention and according ﬁé a
separate aspect thereqf, there is provided the timing
recovery apparatus wherein the symbol frequency component
quantity calculating means comprising:.absolute value
comparing means for outputting the larger one of an.absolute
value of the integrated orthogonal data and an absolute value
of the integrated in-phase-data as compared intégrated
absolute valug data; quadrant.bit deleting means for
qutputting the timing phase differende data in which most
significant two bits indicated a quadrant of the timing phase

difference data are deleted as phase data without quadrant

bits; weighting data calculating means for, if the phase data



initial phase difference is 3[err]/2. By the initial pull-in detecting
section 10 and the initial pull-in filtering section 12, the phase
difference 3[err]/2 is outputted as timng phase difference data "24". The
timng phase difference data "24" is werted to phase control data "8".
Then, when the count value of the UP counter 49 reaches "16", "8" is

| oaded. When t he phase control has been.congleted, t he phase

-19- convithousnguadsastghitss dndigategctenyet belowm 8 Vg@ly®e t he val ue of
the UP/ DOMN coupter 42 to Nx is Qutputted fromthe output term nal 15g.
The conpaPabdvazeRtc5RpE/ 4sinnEaghate °HSRPF§F“GaF9eWP®ﬁse1§§t§f a match

| ogi cal  AEBRE: GPRIRARE: RELR" EhovatBhfind: apkd"absalh B Allae 1ho”
| oad signghiq %EEQQHEpH%ﬁgL?BerﬁyQ 9AkEcReEARS bEC REATRr | Yhe

conpl ete signa I m ng phase synchronizafion by the timng

recovery $8thboBqhivalefer tor ifd. in radidh¢ cakpaRitiaglla kaTuey recovery
section 5 cal cul ates
obtained by subtracting the phase data without quadrant bits

from a vaiue equivalent to n/2 in radian as weighting data;
and weighting means for multiplying the compared integrated
absolute value data by a value equivalent to a cosine value
obtained when the weighing data is indicated in radian aﬁd
outputting a multiplied value as the symbol frequency
component guantity.

In carrying out the invention and according to a still
separate aspect thereof, there is provided the timing
recovery apparatus wherein the symbol frequency component _
Quantity calculating means further comprising:-absolute value
gomparing means for outputting the 1arget one of an absolute
value Bf the integrated orthogonal data and an absolute vélue
of the in-phase integral data as the symbol frequency
component quantity; quadrant bit deleting means for
outputting the timing phase difference data in which most
significant two bits indicated a gquadrant of.the timing phase
difference data are deleted as phase data without quadrant
bits; and filter operation. stop data calculating'means for,
if the phase data without quadrant bits indicates to be below
a value equivalent to 8/4 in radian,loutputting the phase
data without quadrant bits as filte; operation stop data and,
if the phase data without quadfant bits indicates to be

greater than a value equivalent to n/4 in radian, outputting



the timng phase difference by using 10 to 20 synbols of the preanble data
| ocated in the head of burst data to perform initial phase control. The
time required for the initial phase control is atine fromstarting the
signal entry to the calculation of thegtimng phase difference. After the
initial phase control, the timng recovery section 5 perforns a phase
foll ow ng operation by using a random pattern. Therefore, the initial
phase cora realumrokftaineddry csuktiractingethesphase datahwigheusbl e pattern
i's not known_when a portable radio termnal is powered on in which the
t|n1ng VIAATAR S tb HeF L Xl HERLYR) te?%%vﬁ%%ﬂteE?aB/?shEdraGFa&tthe tine

é:éhéesre”%%%*ﬁ Gt ””58?"’ cBepethaFhe: £ ENg PrRPEring
Eﬁ?s'e"?,uf %tﬁfﬁ%ﬁ %4}‘*& bR e e
performecbhggé dsh SR Na S Hdén %@é@oﬂﬁ‘é&ﬁéﬁﬁpéfﬁ 'Qﬁ iﬁfi‘ﬁgtéhe st eady
state filtering section 13 is performed based on t | ead
-20- | agingfuldee ﬁimmr@mréﬁmmtéytimesetfbasadl anl the
filter-operation stop data to perform an accumulating
operation.

In carrying out the invention and according to a yet
separate aspect thereof, there is provided fﬁe timing
recovery apparatus wherein the filtering means comprising:
random walk filtering means for, if the symbol frequency

- component quantity exceeds a threshold value for-fecognizing
steady state, operates an up/down counter set to filter
constant N by using a sigﬁ bit of the symbol orthogonal
component signal to output an up signal for advancing the
symbol clock phase when the up/down counter reaches 2N or a
down signal for delaying the symbol clock phase when the |
up/down countér reaches 0 and, after outputting the up signal
or the down signal, set the up/down counter t6 the filter |
constant N again; and wherein the phase contfol quantity
determining means comprisingz steady—stafe time phase control
means that, when the symbol frequency component quantity
exceeds the threshold value for recognizing steady state,
does not use the timing phase difference data coming from the
filtering means for phase control data, when an instruction
for advancing the symbol clock phase by the up signal is
generated, outputs phase control daté'for advancing the

symbol clock phase, and, when an instruction for dela&ing the



transm ssion path is assunmed and Nx in the steady state filtering section
13 is set to "2", it takes as long a tine as equivalent to about 100
synbols until conpletion of the timng phase pull-in. In the
conventional diversity receiving apparatus, the outputs of the detecting
sections 2A and 2B are sanpled by the“anpling sections 3A and 3B, the
results being synthesized by the diversity section 4. Because the

det ect i NGyl WEock s Byl ehé N@bWIESLgflabyisngbngrated) ceatpats

di fference occurs between the signal delay tine in the detecting section
2A and t lgttasen ¢dretxiel eatagfercdebayild®. thepsynibad choakapbgsesvi ces used,
a delay tinme difference of about [err]/2 in terns of phase may occur. |f
there is a del®y cameving feutnthe ptnventionecandoageerdinggtosacti ons 2A and

2B, selective synthesis, equivalent gain nt hesi, r Ximumratio
synt hesi S3EESRSACH RAIPTFL t HRETPLer ?ﬁesgétPﬁﬂvﬂaﬁgtﬁg;hglNﬁﬁgist poi nt

positions_of the tw signals offset _fromeach ui val ent. gain
synthemff%ﬁoﬁﬁﬁgrﬁgﬁ7gﬁ sé@%?ﬂ%i stPE %%?%%rﬁ§§ggéltﬁéa§%o signals in a
phase rel '§¥qu -4 ' i ' Wi a argaly .
offset,téﬁysynt e 12%£H%?§%% S %%gy %%%?gF?% ,Bgé?%r?g?étﬁﬁghbﬁﬁgérror _
rate charggisl sthdquaiby SYbEbeReh € aghantLbar aateslist the fhrbeholdl ective

SyntheSIialue for recognizing steady state, resetting the integrated'
orthogonal data and integrated in~phase data of the integral
filtering means to zero when controlling the‘symbol clock
phase and the X-times oversample clock phase..

In carrying out the,inVention and according. to a Still
difference aspect thereof, thére is provided the timing
recovery apparatus wherein the phase control quantity
determining means comprising: clock base oscillation
frequency deviation measuring.meané for, when the symbol
frequency component guantity exceeds a threshold value fo;
recognizing steady state, measuring a send/receive clock base

. oscillation fregquency deviation.by using the phase'control
data and, when the measurement is complete, outputting a
frequency deviation-measurement complete signal indicating
measurement completion and a symbol time until occurrence of
a deviation in the clock phase for *1 digit by clock
frequency deviation as freqﬁency deviation corrected data;
automatic frequency control signal generating means for
‘generating, by use of the frequency deviation corrected data,
an AFC up signal for advancing the symbol clock phase and an
AFC down signal for delaying the symbol clock signal; and

signal off-time phase control means for outputting the phase



performed in the simlar condition, the Nyquist point positions are offset
at signal switching, thereby tenporarily causing a timng phase
difference, resulting in deteriorated bit error rate characteristic and
synchroni zation characteristic. -21-
SUMVARY OF THE | NVENTI ON It is tﬁ%%bfore an object of the present

I nvention to provide a timng recovery neans for realizing a high-speed

ti mng phasetyol | datacharaalieaneing &hd symbod) clbek phhaseabyethet AFC n
steady state at the tine of powering on or recovery formline

di sconnectp osignakrtbyanolnstiguchionalfoveadgrancingdtheosiohol tilock anot her

obj ect of the géesent invention is provide a diversity comunication
appar at uPR3ER bHsFenerated kher| thedsyrepdnfceAneBg¥hCOPPOREPECt i ng neans
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Carryirm)&&gcéﬁﬁééQWgﬂtéQQténgnécﬁﬂédkggqhgnegedeviatiOn-measurement
complete signal indicatés measurement completion and
outputting the phase control data for delaying the symbolh
clock phase if an instruction for delaying the symbol clock
phase by the AFC down signal is generated.

In carrying out the invention and accor&ing to a yet
difference aspect thereof, there is provided the timing '
recovery apparétus wherein the clock base oscillation
frequency déviation measuring means comprising: measuring
time display means for operating an up counter by symbol
clock to output an up counter value as measuring time data:
phase control data accumulatihg.means for accumulating phase
control data to output an accumulated value as accumulated
phase control data; frequency deviation measureﬁent dividing
means . for dividing the measuring time data by the.accumulated
phase control data; corrected data output meahs for resetting
the up counter when the measuring time data exceeds a
threshold value for recognizing a frequency deviation
measurement and latching the division result outputted from
the frequency deviation measurement dividing means to output
the latched division result as corrected data; and corrected
data averaging means for averaging the corrected data to
qutput the averaging resﬁlt as.frequency deviation corrected
data.

In carrying out the invention and according to another



aspect thereof, there is provided a timng recovery apparatus conprising:
phase difference neans for generating, based on received phase data
sequence Y[err] (i being natural nunber 2 or higher) obtained by sanpling
a received signal by an X-times (X beL nat ural nunber 4 or higher)
oversanpling clock, j differential data sequences including fromZerr] (=
Y[err] - Y[err]) conposed of differential data which are difference

bet ween pEpeet &her99£»v¢bepna§§ proyidedathec timing aecovem®er by a
sanple to Zferr = Y[err] -_Y[err]) conposed of differential data which
are di ffePBHEEa Bﬁwﬁﬁrﬁﬁ&@%ﬁiﬂﬁl P@ésﬁhé’QQt&'é’tla i".&?&é[ &M each

h bei nb h
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In radian notation to aln an-a te va and out put at
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-22- synbol frequency conponents; and phase detecting neans having an

even- nunbeteadgpkeaspgnttimel.zi ng section in which each of phase jitter data
sequence fromthe phase jitter quantity
In carrying out the invention and according to still

another aspect thereof, there is provided a diversity
communication apparatus comprising: K'(K-being natural number
2 or higher) sefs of detecting means for conVerting signals
received by K sets of antennas into baseband phqsg-signals to

. output the same and outputting K sets of received signal
powers; K time delay means each for giving a dei;y indicated
by each time délay setting signal to each baseband phase
'signal to output a time delay baseband phase signal; K sets
of sampling means each for X-times oversampiing the time
delay baseband phase signal to output-received'phase data
sequences Y, (i being natural number 2 or higher):; diversify
means for capturing the.K sets of received phase data
sequences Y, and the K sets of.received signal powers to
output a determination data sequence; Nyquist point
extracting means for extracting a Nyquist point by use of the
symbol clock from the determination data sequence; and timing
récovery means for generating the symbol clock for extracting
the.Nyquist point of a received signal and an X-times
qversample clock based_on the K sets of received phase data
sequences Y; to output K time delay setting signals for

indicating delay time differences of the K sets of baseband

phase signals.



cal cul ating neans are entered, even-nunber phase jitter data sequence are
del ayed for synthesis such that phases of synbol frequency conponents

i ncluded in the even-nunber phase jitter data sequence are matched to each
-other, and a synthesized signal is outpuytted as even-nunber sequence

synt hesi zed synbol frequency conponent™data and an odd- nunber - sanpl e

synt hesi zi ng section in which each of phase jitter -data sequence is
entered fromthe ganrx¥ingt cet ghenihventiancahdt pogording, todyekunber phase

jitter data sequence are _delayed for synthesis such that phases of synbol
f r equency@nBAPENREPECEnERBTERE ) nthareodig- RyRNideghibe FFV?EFlGXta
sequence are hesi zed si IS _outputted

e 0da: nuaEPIRLERERR "hRARR LS CHbeFRbE; thEr E4BLRG TEORYBRENM=aREA
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there is pr e trmng recovery apparatus conprising: frequency
ConVert'n&uﬁ@@ﬂélﬁgre@QHLHGmﬁerVée&ﬁeﬁééasQEthﬁlEHhts9h$bﬂ9fEE&uency

even-nunber sequence synthesized Synbol frequency conponent data by
conpl ex syddngbneht eda€aCi nd0B8RQRRGHDEE E8GAkHEBIsThERebDzadVakmboabt ai ned

by multiplying the odd-nunber sequence synthesized synbol frequency
conponent fxaquengy conpperesyndataf bpqueacpf tbepuecatved pbesevidagasi de
delay by [err]/4 in radlan to
sequénce Y,; K sets of filtering means each having random
- walk filtering means for outputting timing phase difference
data, an up signal, a down signal, and a symbol frequency
component quantity by use of the-even-number sequence
synthesized symbol frequency component data and the
dd—number seguence synthesized symbol frequency component
data; timlng phase control interval setting means for
outputting a signal having a ﬁ (U being natural number 1 or
higher) as a timing phase control interval setting signal;
filter output selecting means for selecting the timing phase
difference data, the up signal, and the down signal from tne
filtering means that indicates a maximum value of the symbol.
frequency component quantities outputted from the K sets of
filtering means and outputting the selected timing phase
difference data, up signal, and down siénal; phase control
gquantity determining means having steady-state time phase
control means for generating the phase control data at a
period of the timing phase control interval setting signal by
use of the timing phase difference data, up signal, and down
signal outputted from the filter output selecting means;

phase control'means that operates by use of the phase control

data and has integrated data resetting means; and time delay



generate a conplex di rect-current conponent; synbol synthesizing neans for
synt hesi zi ng an orthogonal conponent and in-phase conponent of the conpl ex

di rect-current -23- conponent for one
synbol each to generate a synbol orthoggnal conponent signal and a synbo
I n- phase conponent signal for each symbol; integral filtering neans for

filtering the synbol orthogonal conponent signal and the synbol in-phase
conponentdisf fprance neapuring tmepns dbn mérguring diekanntiment egr at ed
i n-phase data; phase difference calculating neans for calculating a timng

phase di fdiikarangas b the N Rets ohdarehand PRIFHFLIIIBLR B9 GUEPYE t he
i nt t th dat d the int d j.n- t t put
cal cul at & SHABEE drime. ey Hetiing ¢ AT He RS JlaY T Mtering:
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outputting a signal of (bei ng nat ur nunber 1 or hi gher)
sets of timing phase difference data to calculate K sets of

phase subtraction data; time delay difference calculating
means for converting a range of the phase subtraction data
from #2n to *n in radian to output the conversion result as K
sets of delay time difference data; valid delay time
differenggidata output means for latching the K sets of time
delay digference data as a valid data when the K sets of _
symbol f;équency ¢omponent quantities all exceed a threshold
value for time delay measurement; and delay differencé data
averaging means for accumulating each of the K sets of valid
delay time difference data by S (S being natural number 1 or
higher) times and dividing the accumulationlresult byls to
output K sets of division values as the time delay setting-
signal.

.In carrying out the invention and according to a further -
aspect thereof, there is provided a diversity communication
apparatus comprising: K sets of detecting means for
converting signals received by K sets of antennas into
baseband phase signals to output the same and outputting K
sets of received signal powers; K sets of time delay means
each for giving a delay indicated by each time delay setting
signal to each baseband phase signal to output a time delay
baseband phase signal; K sets of sampling means each for

X-times oversampling the time delay baseband phase signal to



synbol period) as a timng phase control interval setting signal; phase
control quantity determ ning neans for latching the timng phase
difference data outputted fromthe filtering means in the period of the
ti mng phase control interval settingéf'gnal; and phase control means for
dividing a base oscillation clock of &7Teceiving apparatus to output the
synbol clock' and the X-tines oversanple clock and, if the phase control

dat a haveohtputepbeesdedCpnhiel a8gd BBaaeneks ¥he(s5yBdbhg chaturand phase

of the X-times oversanple clock phase by the pﬁase control data, resetting
t he i ntegnamber 23rokobdgherdat B setshofi asguchironbnge samplingnmeamszer o,
and setting the synbol frequenc¥ conponent quantity to the integrated

i n- phase @ach. for samphipgr Ehengivet dehayi hasabrpd Bhasgc8dEardgb¥o still
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synbol  or §5£g0884ueABROAE {1 being natural number 2 or higher);
diversity means for capturing the K sets of received phase
data sequences Y, and the K sets of received signal powers to
'output a determination data sequence; Nyquist'point
extiacting means for extracting a Nyquist point by use of the
: symbol clock from the determination data sequence; and timing
recovery means for generating the symbol clock for extracting
the Nyquist point of a received signal and an X-times
oversample clock based on the K sets of received phase data
sequences Y; and generating K sets of time delay setting
signals for indicating delay time differences of the K sets
of baseband phase signals based on the K sets of asynchroqous
received phase data sequences Q,.

In carrying out the invention and according to a still
further aspect thereof, there is provided the diversity
communication apparatus wherein the timing recoverf means
comprising: K sets of phase detecting means for outpufting K
seté of even-number sequehce synthesized symbol frequency
component data and K sets of odd-number sequence synthesized
symbol frequency component data by use of K sets of réceived
phase data sequences Y;; K sets of frequency converting means
each for generating a complex direct-current component from
the K sets of evenfnumber sequence synthesized symbol

frequency component data and the K sets of odd-number



signal and the synbol in-phase conponent signal to generate integrated
orthogonal data and integrated in-phase data and,- if the synbol frequency
conmponent quantity exceeds the accunulation threshold value, dividing
accunul at ed val ues of the synbol orthogonal conponent signal and the
synbol in-phase conponent signal by 13, bei ng natural nunber 2 or

hi gher) to generate the integrated orthogonal data and the integrated

i n- phasesdipidnce synthdsfzéd YapfiboUt £18QueR¥PNEbRPoABHtaaatayi RO skksyet
anot her aspect thereof, there 1s provided the timng recovery "apparatus
wher ei n dfiesymbalrsynthészimg meams éachhfor genprasing: aasgmbiollat i ng
nmeans for, if the synbol frequency conponent quantity indicates to be

bel ow arprthogonal | epuperent csignal andtahsymbohr éshphdseargmpoaendnul at i ng
t he synbol orthogonal conmponent signal and the synbol in-phase conponent
si gnal tSLGAerEEA | the ff 3288 P f HeRBPhex (di BeGRaCHRT 8Bt aFRRPOPENERas e

dat a; infinite, i I ' f Lf h | f

componot. UEHITE AR THEEFHHTR: Poans oarRetPEs BURREEEaREChi ng
threshol g, yaliered | b6 éi‘eda?a/ é-ﬂ&fcé 999?& £AUBANEA! gakgngl, and the
synbol in-phHase conponent signal through an infinite 1 npul se response

filter. yse of [thE XK Iy Stsyhol NYLEhbGOnANdcahifOhELBIsignalkuhaer
aspect thereof, there is provided the timng recovery
the K sets of symbol in-phase component signals; integrated

value synthesizing means for adding all of the K sets of
integrated orthogénal data to output the addition result as
synthesized orthogonal data and adding all of the K sets of
integratéd in-phase data to output the addition result as.
synthesized integrated in-phase dafa; timing phase controi
interval setting means for outputting a signal having U (U
being natural number 1 or higher) as a timing phase control
- interval setting signal; phase difference calculating means
for calculating a timing phase difference between Nyquist _
point and receiving apparatus symbol clock by use of the
. .synthesized ihtegrated in-phase data and the synthesized .. .
integrated orthogonal data-to output the calculated phase
difference as timing phase differenceldaté; K sets of symbol
frequency component calculating means each for calculating
the symbol frequency component Quantity accumulated by the
- corresponding integral filféring means by ﬁse of the K sets
of integrated orthogonal data and the K sets of integrated
in-phase data; synthesiied symbol frequency component
quantity calculating means for calculating a synthesized
symbol frequency component quantity by use of the synthesized

integrated orthogonal data and the synthesized integrated in-



apparatus wherein the phase difference cal cul ati ng neans

-25- conprising: integrated data absolute value converting neans for
outputting an absolute value of the integrated orthogonal data and an
absol ute value of the integrated in-phase data as orthogonal integrated
absol ute val ue data and integrated infGQﬁwwe absol ute val ue data
respectively; conpared data calculating means for, if an exclusive-OR

oper ati o esd QiAES; PRAYECBOALFBS! qﬁbﬁ’ﬁli:‘tyc aattebm&nghgt heahs! ¢arat ed
ort hogonal data and a nost significant bit of the integrated in-phase

data resuldtchiggcthe" tinihgi phasaodibtepehbegdatk int agperddd aifsdhet e
val ue data by x (x being natural nunber 1 or higher) and, if the exclusive
di sj unct i wkminerphase ceatrobdihhervglcsettingnsﬁghpﬂytngOPW@uWnﬁbgrated
I n-phase absol ute val ue data by (x being natural nunber 1 or higher) to
gener at e ﬁﬂ*ﬁ%&'tHP%FQrEhéﬁecﬁ+€ﬁ¢§??6ﬁ @ﬁFésﬁﬁlGhﬁapﬁéseaﬁen§aeﬂng t he

I ntegrated jn-phase absol yte, val ue dgta to rt |nt%grated

hogo
ubsol ut o AL BERENCRLAElcPhPae, SPAFrabsBraPE 20k GESARPLL
in-first-Quadianty SARIEnANERE HatfnEd! SYLBLLAB1Ie clock by dividing a

receiving apparatus base oscillation clock to control the
.symbol clock phase and the X-times oversample clock phase
hased on the phase control data when the phase control data
are entered and resetting each piece of inteérated orthogonal -
data of the K sets of_integral'filtering.means to zero to set
each of the symbol frequency components to the K sets of
integrated in-phase data; and time deléy difference measuring
means for measuring delay'fime differences of the K sets of
baseband phase signals to output K sets of time delay setting
signals; the time delay difference measuring means having: K
sets of asynchronous phase detecting means for outpﬁtting_
asynchronous even-number sequence synthesized symbol

. frequency cdmponent.data-énduasynchroncuswodd-number sequence
synthesized symbol frequency component data by use of each of
the K sets of asynchronous received phase data sequences Q,:-
K sets of asynchronous frequency converting means for
generating an asynchronous complex diréct-current component
from each of the asynchronous even-number sequence
synthesized symbol frequendy component data and the
_gsynchronous_odd-number sequence synthesized symbol frequency
component data; K sets of-asjnchronous symbol synthesizing
means for outputting an asynchronous symbol direct-current

component signal and an asynchronous symbol in-phase



“nmeans for accumul ating the total absolute value data and, if a result of
the accunul ati on exceeds the phase difference calculation threshold val ue,
outputting the nunmber of tinmes the accunul ation of the total absolute

val ue data was made at that nmonent aggfp-first-quadrant-range phase data;
and quadrant indication bit adding neans for generating data indicating a
quadrant fromthe nost significant bit of the integrated orthogonal dat a
and the @esponeRt Mignal Fromeach®f kheyKiears RH RSN adding
t he quadrant |nd|cat|n at a thus enerated to the es 903|t|on of the
in-first QPR %&’F FaR &t SRR ’?rﬁgﬂ@‘ i f f er ence
dat a. yi ng out the
|nvent|on tqgrggbgP&xerﬁﬁg ﬁpﬁlfoﬁlﬂ' eraé%% %s¥qﬁ§éh#gu%here S

provi ded ;i obiafdid dRHRIaL YNRY A é@lﬁ(&tfbd&lﬁs'iﬁéégfﬁété’d’aﬁiﬁm'range

phase data al cul ati ng ans conpri sing: "‘phase data non-Tinearly

converti pha¥RAIE O 'f e ok F e K iRs o \@wichraibdd esymbober of
additions at a tine when the nunber of additions of the total absol ute

val ue dabxthopesddd ddmpanieade sdignfedrsermgel the K sets of asynchronous

symbol in-phase component signals; K sets of asynchronous

phase difference calculating means for asynchronous timing
phase difference data from each of the K sets of asynchronous
integrated orthogonal data and the K sets of ‘asynchronous
in-phase data:; K sets of asynchronous symbol frequency
component calculating means for calculating each of
asynchronous symbol frequency components accumulated by the K
sets 6f asynchronous integral filtering means by use of the K
sets of asynchronous integrated orthogonal data and the K
sets of asynchronous integrated in-phase data; asynchronous
.phase.subtracting means for subtracting first asynchronous
timing phase difference data from the K sets oflasynchronoﬁs
timing phase difference data to output K sets of asynchronous
phase subtracted data; asynchronous time delay difference
calculating means for converting a rang of the K sets of
asynchronous phase subfracted data from +2r to #n in radian
to output the conversion result as K sets of asynchronous
delay time difference data; asynchronous valid delay time
difference data output means for, when the K sets of
asynchronous symbol frequency component guantities all exceed
a.threshold value for asynchronous time delay measurement,'
latching the K sets of asynchronous delay time difference

data as a valid value to output the latched valid value as K



cal cul ation threshold value to output non-linearly converted data as the

I n-first-quadrant-range phase dat a. In carrying out the invention and
according to yet further aspect thereof, there is provided the timng
recovery apparatus wherein the synbol jfrequency conponent quantity

cal cul ati ng nmeans conprising: absol ute=ral ue conparing neans for
outputting the larger one of an absolute value of the integrated

or t hogonadethtef aasyrchedisohstwalbd udebayt titmei Al £fenbadei daphasandat a as

t he synbol frequency conponent quantity. In carrying out the

i nvent i oresynthrerows rdelay diftterence dapacavenaging, meprpefps provi ded

the timng recovery apparatus wherein the s%nbol freguenc conponent
quant i t y ICFRHLATIRG RAGR *bthe K geta et aFEnchrar quﬁ%éﬁﬁzgeﬁﬁgns f or

i ng, t he, ) f . I f.the | d
o ot e A T s T bR TAETY s o
. t : t
ST R ISR Sl R esistol Lot AL,

bits i ndigipgse a Gstaels agk &ivié%&:ﬁﬂﬂéi‘@e;@héé_ethéif:iﬂéeaéfa?aéétﬁiﬁgdm eted
as phase data wi thout quadrant bits; weighting data cal culating neans for

I f the ph=igmall a

In carrying out the invention and according to yet
further éspect.thereof; there is provided the diversity
communication apparatus wherein the timing recovery means
comprising: K sets of phase detecting means each for
outputting each piece of even-nuﬁber sequence_synthesizedﬁ
'symbol frequency componeﬁt data and each piece of oddQnﬁﬁber
sequende synthesized symbol frequency component data by use
.of_each of the received phase data sequences Y,; symbol |
frequency component. totaling means for adding all of the K
sets of even-number. sequence symbol frequency component data
to output the addition result as total even-number sequencé
syﬁbol frequency ¢omponent data and adding all of the K sets -
of odd-number sequence symbol frequency component data to
output the addition result as total odd-number sequence
symbol frequency component daté; frequency converting means
for adding a value obtained by multiplying the total -
even~-number segquence symbol frequency component data by‘p
complex symbol frequency component on receiving side to a
value obtained by multiplying the total odd-number sequence
symbol frequency component data by a value obtained by a .
complex symbol frequency component on receiving side delayed

by n/4 in radian to generate a complex direct-current



-27- w thout quadrant bits indicates to be below a value equivalent to
[err]/4 in radian, outputting the phase data w thout quadrant bits as

wei ghting data and, if the phase data without quadrant bits indicates to
be greater than the value equivalent tzg_[err]/4 in radian, outputting a
val ue obtained by subtracting the phase data w thout quadrant bits froma
val ue equivalent to [err]/2-in radian as weighting data; and weighting
means f orcoRRAnenyi rRymbrl SypEthesising Jroaes f%sﬁﬁ’a?’éa’a-h‘l‘@ueadﬁl"gb% a

o Ol SN Rl SO E ST LRSS ot
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cal cul ati ng neans further conprising: absolute value conparing nmeans for
out put ti nhtdfrdtedieinPitasd @t0159| wée oF e SYMBOE ortRegonal

orthogonal data and an absolute value of the in-phase integral data as the

synbol frespporent signal and the symbol integrated in-phase data;
timing phase control interval setting means for outputting a
signal having U (U being natural number 1 or higher) as a
timing phase control interval setting signal; phase
difference calculating means for calculating a timing phase
difference between Nyquist point and redeiving apparatus -
- symbol clock by use of the.synthesized;{htegrated in-phase
data and the synthesized intégrated or%hogonal data to output
the calcuiated phase difference as timing phase difference. .
data; symbol frequency component calculating means for
calculating the symbol frequency component quantity .
accumulated by the corresponding integral filtering means by
use of the integrated orthogonal data and the integrated iﬁ-
phase data; phase control quantity determining means for
latching the timing phase difference data in a period of the
timing phase control interval setting signal to output the
latched timing phase difference data as the phase control
-data; phase control means for dividing a receiving apparatus
base oscillation clock to generate a symbol clock and. an
X-times oversample:clock and, when the phase control data has
been entered, controlling a phase of the symbol clock and a
pﬁase of_the X~-times oversample clock by the phase control
data and; at the same time, resetting the integrated

orthogonal data of the integral filtering means to zero to



conponent quantity; quadrant bit deleting nmeans for outputting the timng
phase difference data in which nost significant two bits indicated a
guadrant of the timng phase difference data are del eted as phase data

wi t hout quadrant bits; and filter opergtion stop data cal cul ati ng nmeans
for, if the phase data wi thout quadrant” bits indicates to be below a

val ue equivalent to [err]/4 in radian, outputting the phase data w thout
guadr ant bsetsthe bymbel @pefabhoy sbmpofient aodthe finftegraltade itaphaset hout
quadrant bits indicates to be greater than a value equivalent to [err]/4

i n radi andatatpandi tgme delay difference measuring means for2geasurnimgue

obt ai ned by subt(actin% t he phase data wi thout quadrant bits froma val ue
equi val enfetsy[ Eimp/ dififergaras a§ the Kepedserit Pasebppd BRESe and wherein
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and accor dsparhfeda¥pbct thereof, there is provided the diversity
communication apparatus wheiein the symbol frequency |
component totaling means comprising: even-number sequence
maximum ratio synthesizing means for multiplying each of K
setS'of'received's;gnal powers by each of the K piece% of
even~-number sequence symbol frequency component data to add

| the results toge?ﬁér, outputting the added value as
even-number sequégce total data; and odd-number seguence
maximum ratio synthesizing means for multiplying each of K
sets of received signal powers by each of the K pieces of
odd-number sequence symbol frequency component data to add
the results together, outputting the added value as
.odd-number sequence total data. ' o
In carrying out the invention and according to a still

separate aspect thereof, there is provided a diversity
communication apparatus coﬁprising: K sets of detecting means
for converting signals received by K sets of antennas into
baseband phase signals to output the same and outputting K
sets of received sighal powers; K sets of time delay means
each for giving a delay indicated bj each time delay setting
signal to each béseband phase signal to output a time delay
baseband phase signal; K éets of sampling means each for
X-times oversampling the time delay baseband phase signal to

output received phase data sequences Y, (i being natural



separate aspect thereof, there is provided the timng recovery apparatus
wherein the filtering means conprising: randomwalk filtering neans for,
i f the synbol frequency conponent quantity exceeds a threshold val ue for
recogni zing steady state, operates an.gp/ down counter set to filter

constant N by using a sign bit of the synbol ort hogonal conponent signal

LE/ Sﬁ&ni:ba%ﬁ?%f %&E?&f‘” Brr i st tedtive  avathettc RPes T RLEE e RntPT ) ock
O anal " utnTe ki TUE R Set g5t e?%'gm%"%%ué’{*égé SutR. é%*ﬁ?‘?n&gg onst ant
N agai n; gnd am@rc%ﬁé&%rmwﬁawfsréaumtdd esSHRIRI TG 4%

conpr|5|ng steady-state tinme phase control neans that, mhen t he synbo

frequencyw&Di@obENK $&edt bf YrecxDesd Ssidital heweos daS’aJaU@efomiﬁaﬁgﬁnZI ng
steady state, does not use the tim ng phase difference data com ng from
the filtdatagsegeence canghast thatsamedaime,vwmxpummingtaunumber 661
advanci ng the synbol clock phase by the up signal is generated, outputs
phase corth®l reeeived rrhame sty sequengeies 2| %%ike%haééteﬁnﬁetﬂﬂtn an

|nstruct|é{b£g{;q§;§gigg égfht extracting means for extracting a
Nyquist point by use of the'symbol clock from the
determination data sequence;_and timinglrecovery.means for
genérating a. symbol clock and an X-times oversample clock for
extractlng a Nyquist point of a received signal by use of the
K sets of recelved phase data sequences Y, and at the same
'time, outputting K sets of time delay setting signals.

| In carrying out the invenéion and according to a still
separate aspect thereof, there is provided a diversity
communication apparatus comprising the timing recovery
apparatus, the diversity communication apparatus having:
phase control accumulating means for accumulating phase
control data to output”the addition ;esult as phase control
accumulated data; frequency deviation eliminating means for
subtracting 1 from the phase control accumulated data when a
'frequency deviation measurement complete signal indicates
completion of neasurement and an automatic frequency control
signal instructing delay of a symbol clock phase comes and
adding 1 to the phase control accumulated data when the
frequency deviation measurement complete signal indicates
cnmpletion of measurement and an automatic frequency control
signal instructing lead of a symbol clock phase comes to

output the subtraction wvalue or the addition wvalue as



-29- synbol clock phase by the down signal is generated, outputs phase
control data for delaying the synbol clock phase. In carrying out the
i nvention and according to a difference aspect thereof, there is provided
the timng recovery apparatus wherein_jfie phase control neans conprising:
integrated data resetting neans for, when the symbol frequency conponent
quantity exceeds the threshold value for recognizing steady state,

resettlngd?ﬁéaFﬁPQgﬁéiﬁénaEF@hé@@ﬁﬁPléﬁﬁd datainpeg Hae Belavasetddng of

t he integral it |n neans.to zero when ¢ ntrollln the synbol c] ock
Dhase andsignak ppEbullneRag et EV‘SE?QEJHHS«SR deviation, alminaed ( he

 nvent on ﬁ&ﬂ@i&%&ﬂ' 48ch0eBeobiLLy HLhberenieBoRecl igkatly dhee is

provided ¢ rmng- recovery appa eint ase con quantity
det er m ni g1 gBE0SLERIPALELEN: SELARK PESEpRALH Eah'lﬁe:fehwme%wl@t i on
measuring means for, when the synbo frequency conponent quantity exceeds
a threshopgderasusstf a{zera?@agaaﬁangoﬁtpadhﬁ athe BRARLNEI) vAlMRN@Y &Cei ve
cl ock base oscillation frequency deviationby using the phase control data
and, whenséhs ofatimendelayssebhphgteignalputting a frequency deviation
measur enent conpl ete signal indicating

BRIEF DESCRIPTION OF THE DRAWINGS .

FIG. 1 is a block diagram illustrating a constitution of
~a diversity communication apparatus.practiced.as a first
preferred embodiment of the present invention:

FIG. 2 is e'block diagram illustrating a constitution of
a phase detecting section in a timing recovery section of -

. FIG. 1;
| FIG. 3 is a block diagram illustrafing a constitution of
a filtering section in the timing recovery section of FIG. 1;

FIG. 4 is a block.diagraﬁ-illustrating a constitution of
a phase control guantity determining section in the timing.
recovery section of FIG. 1;

FIG. 5 is a block diagram illustrating a constitution of
a time delay difference calculating section in the fiming
recovery section of FIG. 1;

FIG. 6 is a block diagram illustrating a constitution of
an integral filtering section in the filtering section of
FIG. 3;

| FIG. 7 is a block diagram illustrating a constitution of
a random walk filtering section in the filtering section of
FIG. 3;

FIG. 8 is a block diagram illustrating a constitution of



measur enent conpl etion and a synbol tinme until occurrence of a deviation
in the clock phase for 1 digit by clock frequency deviation as frequency
deviation corrected data; automatic frequency control signal generating
means for generating, by use of the frgquency deviation corrected data,
an AFC up signal for advancing the syﬁﬁgr cl ock phase and an AFC down
signal for delaying the synbol clock signal; and signal off-tinme phase
control recswnbal frequencycoipondyat equantity calcubatdhgdaeetiion in
advanci ng the synbol clock phase by the AFC up signal if an instruction
for advariéhegf *@moﬁie%tlgvk oHHBE@. | 37 gener at ed when the synbol

frequency conponent quantit oes below a threshol d value for recognizing
line  di sconndtiGord sta BIRCK ALATER chLyUaEERBEPeN = nEIBaELFEELORCB | of o

si gnal indicates ur ement efion an tputfing.t hase control
data for AT S EEEASTES | oS RTRRHAR BEF 18 Bl EPRCEr SReRORE e i ng
the symbqlg sl oPPE®, by. the AFC down signal is generated. I n
carrying out the i1nvention and according to a yet

FIG. 10 is a block diagram illustrating a constitution

of a clock base oscillation frequency deviat;on measuring
section in the phase control quantity-detérmining section of
FiG. 4; _

 FIG. 1l1-is a timing chart for describing operations of E
the diversity communication apparatus of FIG. 1; |

FIG. 12 is a block diagram illustfating a phase jitter
quantity calculating section in the phase detecting section

- of FIG. 2;

FIG. 13 is a diagram for describing a rule of conversion
processing performed by a part of the phase jitter quantity
calculating section of FIG. 12;

FIG. 14 is a timing chart for describing operations of
the phase detecting section of FIG. 2;

FIG. 15 is another timing chart for describing
operations of the phase detecting section of FIG. 2;

FIG. 16 is a timing chart fof describing an output of
the phase detecting section of FIG. 2; |

FIG. 17 is a timing chart for describing operations of a
frequency converting section and a symbol synthesizing
section in the filtering section of FIG. 3;

FIG. 18 is a timing chért for describing operafions of
an integral filtering section in the filtering secfion of

FIG. 3;



di fference aspect thereof, there is provided the timng recovery apparatus
wherein the clock base oscillation frequency deviation measuring neans
conprising: neasuring tinme display nmeans for operating -an up counter by
synbol clock to output an up counter Mggue as neasuring tinme data; phase
control data accunul ating neans for accunul ati ng phase control data to

out put an accunul ated val ue_as accunul at ed FShase control data;_ frequency

devi ati on meadl¥@nell 1F\@ dAiRoramhklestrating; agrehatieashir getvaendat a
by the accumul ated, phase cantrol .data; correct data out put.neans for '
resettiruf&%9ﬂ§LﬁPQxéﬁWibgvékﬁ§?rﬁ?ﬁ%%§ﬁ??ﬁg°¥iﬁgedé? egﬁigeg§f§erfﬂ9eshold
val ue for | Z4 Lall o sugenent and | atching the

di vi si on srée%:ﬁwoﬁ B%%?e%{; rom 4h%&fqr:£%te§_gy?§§\7i %f i on nmeasur enent .

di vidi ng meansi®, o3 PLS a tdEadedi hoda dextshgnweeghtt vasuesr usedepydat a;
and corrected data averaging neans for averaging the corrected data to

out put t.hthen \e3mitsh 1N Of reéagudricy Scoipoment ygdant ity otatoulating sdation

In carrying out the invention and according to anot her

-31- in the filtering section of FIG. 3; .
| FIG. 21 is a timing chart for describing operations of a
phase difference calculating section in the;filtering section
of FIG. 3; .

FIG. 22 is a diagram indicating contents of phase data
non-linear converting processing by the phase difference
calculating section in the filtering sedtion of FIG. 3;

FIG. 23 is a diagram for describing calculation errors

- in the output of the phase difference calculating_section in
the filtering section of FIG. 3;

FIG. 24 is a diagram for describing an accumulated
output of the clock base oscillation frequency deviation
measuring section in the phase control guantity determininé
section of FIG. 4; |

?IG. 25 is a timing chart for describing operations of
the clock base oscillation frequency deviation measuring
section in the phase control quantity-detefmining section of
FIG. 4; | |

FiG. 26 is a timing ch;rt for describing operations of a
time delay difference calculating section in the timing
recovery section of FIG. 1;

| FIG. 27 is a block diagram illustrating the diversity
communication apparatus practiced as a second pfeferred

embodiment of the present invention;



aspect thereof, there is provided the timng recovery apparatus wherein
the timng phase control interval setting mneans conprising: control
interval setting signal varying neans for varying a frequency of the

timng phase control interval settingggignal between timng pull-in tine
and steady state tine. In carrying out the invention and accordi ng
to still another aspect thereof, there is provided a diversit

comuni cat i on FSparZft s ke flagry i \Fﬁ;)t%'i:i:ﬁ%larﬂ%%?iz@t%?nhi gher)
sets of detectin ns for_converting signals received et s of

ant ennas 9o qﬂ%‘e%% PR MgsY %Lﬁe‘?w&%aﬁé g%%KB P¥ting K
sets of recei v S| p : Jme del ay neans each for giving a del ay
i ndi cat e()f%cg)feg:g'ck# | neor%je?()%\ﬁh?e‘t 'Ile'}rfg signal to each baseband phase signal

‘to output a tigis delqy; oy Ptk MERFram Wlustre€isy #fconsbltieiggans

each for X-tinmes oversanpling the time delay baseband phase signal to

out put r eEeia/ &l ItErSihdgl adect @t Ui clite YERing (Fedevaty Neédt Bon NOEHRIGZ or

hi gher); diversity neans for capturing the K sets of received phase data
sequence27¥[ err] and the K sets of received signal powers to output a
determ nati on data sequence; Nyqui st point extracting nmeans for extracting

a Nyqui st poi filGy 3G cpfa tkock \diagram cbld ysbmtirg Rteenshbtrbicnat a
sequencezfag%igdgég4al filtering section in the filtering section of
FIG. 29; |
FIG. 31 is a block diagram illustrating 'a .constitution .
.of a filter output selecting section in the. timing recovery
section of FIG. 27;

FIG. 32 is aftiming.chart for describing operations of
-the timing recovery section of FIG. 27;

FIGS. 33(A) through 33(D) are characteristics diagrams
for describing operations of the integral filtering section
of FIG. 30; | |

| FIGS. 34(A) through 34(E) are other characteristics
diagrams for describing operations of the integral filtering
section of FIG. 30; |

FIG. 35 is a block diagram illustrating a constitution
of the diversity communication apparatus practiced as a third
preferred embodiment of the present invention;

FIG. 36 is a block diagram iliustrating a constitution
of an integral synthesis filtering section in a timing
recovery section of FIG. 35;
| FIG. 37 is a block diagram illustrating a coﬁstitutioﬁ

of a phase control quantity determining section in the timing

recovery section of FIG. 35;



recovery neans for generating the synbol clock for extracting the Nyqui st
point of a received signal and an X-tinmes oversanple clock based on the K
sets of received phase data sequences Y[err] to output K tine del ay
setting signals for indicating delay li&? di fferences of the K sets of
baseband phase signals. - 32- In
carrying out the invention and according to yet another aspect thereof,
there is provi #g@sSt h88dAyerthrbughc38(EN axel chaxppiextistiwse ddiagriame ti m ng
recovery neans conprising: K sets of phase detecting nmeans each for

out put t i nfoevdassribings ogesationpneficthecdniporal syaghesdy fddiesias:
data and odd- nunber seguence synt hesi zed synbol frequency conponent data
by use of SBRELIPBcREVEACPNA8E data sequence Y[err]: K sets of filtering

reans cach Navisg. {3899 aral ke kLRI IORa A SHRRKLELNG i m 10 phece
??ZESQﬁQirgﬁﬁgéﬁéﬁPgéaPé%g% n%Egtﬁﬁﬁnéﬂﬁﬁﬁéﬁa§e%iﬁ€?ﬁif%&?%ﬂ%@'EthS£Ub0|
filtering section in the timing recovery section of FIG. 35;

FIG. 40 is a block diagram illustrating a constitution
of the filtering section in the timing recovery section of
FIG. _ 35;

. FIG. 41 is a block diagram illustrating’'a cohsﬁitution-
of the diversity communication apparatus practigeg_ﬁs a
fourth preferred embodiment of the present inventgbh;

FIG. 42 is a block diagram illustrating a co;étitution
of a symbol frequency component synthesis filtering section
in a timing recovery section of FIG. 41;

FIG. 43 is a timing chart for describing operations of
the symbol frequency component éynthesisffiltering section in
the timing recovery section of FIG. 42;

FIG. 44 is a block diagram illustrating a constitution
0of a diversity communication apparatus practiced as a fifth
preferred embodiment of the present invention;

FIG. 45 is a block diagram illustrating a filtering
section in the timing recovery section of FIG. 44;

FIG. 46 is a block diagram illustrating a constitution
of an integral filtering section in the filtering section of
EIG. 45; |

FIG. 47 is a block diagram illustrating a constitution
of a symbol frequency component quantity calculatiné section

in the filtering section of FIG. 45;



odd- nunber sequence synt hesi zed synbol frequency conponent data; timng
phase control interval setting neans for outputting a signal having a U (U
bei ng natural nunber 1 or higher) as a timng phase control interval
setting signal; filter output selectil%? means for selecting the timng

phase difference data, the up signal,”dnd the down signal fromthe

filtering means that indicates a maxi nrum val ue of .the synbol frequency
conponent quanfiGi e48oilspatdbagramnfobhedésseibing af relationgshdpns and
outputting the selected timng phase difference data, up signal, and down
signal ; pretecenrdabd fouanteppingt Eihteringnenasakionngnd: £adFesingde tine
phase control ans_for geneiatin t he phase gintrgl dat a gt a _period of
the tinm MPPRAEEOR AEPBI tiRe iR aFbhe clptagral ghal teyingsgeGELirPReOfi Ky
phase dif% rence data, up signal, and down signal outputted fromthe
filter ou %Ut sel ecting nmeans; phase control neans that operates by use of

the phase contigg. 4§t 8sag0ciRtng CREEE! 80r 3eactEBThY BRelRRIBNABE ti e

del ay _ _ _ efce neasurl ng neans
for measughddivledgyali FE1tébihgr S86€EoRf ok NI, Sa6s of baseband phase.

signals to output
FIG. 50 is a block diagram illustrating a constitution
- of a prior-art diversity communication apparatus:;

FIG. 51 is a block diagram illustrating a constitution
of a phase detecting section for initial pull-in in a timing
recovery section of FIG. 50; .

- FIG. 52 is a block diagram .Illustrating a constitution
of a filtering section for initigl pull-in in the timing -
recovery section of FiG. 50; 7

FIG. 53 is a block diagram illustrating a constitution
of a phase detecting section for steady_state in the'timing
recovery section of FIG. 50; -

FIG. 54 is a block diagram illustrating a constitution
of a zero-cross detector in the phase detecting section for
steady state of FIG. 53;

FIG. 55 is a block diagram illustrating a constitution
of the filtering section for steady state in the timing
recovery section of FIG. 50;

- FIG. 56 is a block diagram illustrating a constitution
of a phase control selecting'section in the timing recovery
section of FIG. 50; . |

FIG. 57 is a block diagram illustrating a constitution

of a phase controlling section in the timing recovery section

of FIG. 50;



K sets of tine delay setting signals; the tine delay difference nmeasuring
means i ncl udi ng phase subtracting nmeans for subtracting first timng phase
difference data fromthe K sets of timng phase difference data to

cal cul ate K sets of phase subtraction_giata; tinme delay difference

cal culating nmeans for converting a range of the phase subtraction data
from2[err] to_[err radi an to out put the conversion result as sets

in
of delay time § 'FTe#Qnéé GaFémiVQIFHaH§I ?rtFﬁﬁcrapﬁpgrQRséa&&PQSOGFput
nmeans for t h|n h f.time__delay diffe ata as a valid
dat a V\/nent % ﬁk ?e t§f°°§mH§3?aF%83ugﬁg r?%#ﬁoﬁgnﬁﬁg gltles all exceed a
th hol d I f OEqt d a e er.ence data
avé?Zg?ng négngg? ggcggﬁﬁlg%?ﬁaggagﬁe ?E%Erlﬁﬁﬂgd %pgiﬁ dB%deIay time

d'fferenCErﬂﬁ&ﬁxB&x&n(&aQﬁ'mﬁ eaéuaabeﬂgﬁbyrcémahn1Ea&E9h)abpagataadof
di viding the accunulation result by Sto output K sets of division values

as the ti AeGdebay setting signal. In carrying out the i nventi on and
according to a further aspect thereof, there is provided a diversity
connunlcatlon FiGpablt is @odpﬂgsamgfox descrdbivgt ecbungtnfanmatoprf

convertlng nal s received by K sets of antennas into_  baseband phase
si gnal s t 5*8t ﬂﬁ?sﬁﬂé dake éﬁdtﬁﬁtﬁ&YﬁFﬁgtK CQBWEnSFaF388|98Ba§P§H§I°f
powers; KFEEtS 8f ti me del ay neans

.FIG. 61 is a timing chart for describing an initial
pull-in.operation in the diversity communication apparatus of
FIG. 50; ' |

FIG.:G?;is a diagram indicating data in a ROM in the
filtering section for initial pull-in of FIG. 51;

FIGS. 63(A) and 63(B) are diagrams for describing
operations of the zero-cross detector in the phase detecting
section for steady state of FIG. 53; '

FIG. 64 is a diagram indicating an input/output
relationship of a zero-cross signal synthesizing section ih_
the phase detecting section for steady state of FIG. 53;

FIG. 65 is a timing chart for describing operations of
the filtering section for steady state of FIG. 55;

FIGS. 66(A) and 66(B) are timing charts for describing
operations of the phase controlling section of FIG. 57 in
steady state;

FIG. 67 is a timing chart for describing an operation to
be performed at.initial pull-in of the phase controlling
éection of FIG. 57; and

FIG. 68 is a block diagram illustrating a constitution

of a phase control quantlty determlning section of FIG. 27.



each for giving a delay indicated by each tinme delay setting signal to
each baseband phase signal to output a tine delay baseband phase signal; K
sets of sanpling nmeans each for X—tines oversanpling the tine del ay
baseband phase signal to -34- output
recei ved phase data sequences Y[err] (| belng natural nunber 2 or higher);
K sets of asynchronous sanpling neans each for sanpling the tine delay
baseband phase signal by R-tinmes (R being natural nunber 4 or higher)
asynchranous oversanpling clock to output an asynchronous recei ved phase
data sequence (Jerr] (i being natural nunber 2 or higher); diversity nmeans
for capt

S AP oo ST P SHROARE e o

Wwauist point merdf ALdA SRARE1T Be HLLEELLEE inwgytﬁérpgéemybyse of

the synbol cIo from m nati1on data sequence,

recovery J@anst fkaieIe N tH drd ArSid Oto CtRE k&emgahyma@ ﬂﬁawihgsNqu' st
poi nt of a received signal and an X—tlnes over sanpl e cl ock based on the K
sets of rEmsodimepbabe data L e

The following describes é diversity communication
apparatus of selective synthesié diversity that receives a
signal by K = 2 antennas. A timing recovery section uses

- oversampled- baseband reception phase data modulated by n/4
shift QPSK. Referring to FIG. 1, in which components similar
to those of FIG. 50 are denoted by the same reference
numerals, there is shown a constitution of the diversity
communication apﬁaratus including a timing recovery section
5A practiced as the first embodiment of the present
invention. In the figure, reference numerals 1A and iB _
indicate antennas, 2A and 2B indicate detecting sections; 60A
and 60B indicate time delay sections, 3A and 3B indicate |
sampling sections, 61 indicates a selective synthetic
diversity section, 5A indicates a timing recovery section, 6
indicates a Nyquist point extracting section, 7a indicates a
Nyquist point output terminal, 7c indicates.a frame
synchronization signal input terminal. In the timing
reéovery secfion 5A, reference numeral 62 indicates a phase
detecting section, 63 indicates a filtering section, 64
indicates a timing phase control interval setting circuit, 65
indicates a phase control quantity determining section, 66
indicates a phase controlling section, and 67 indicates a

time delay difference calculating section.



sequences Y[err] and generating K sets of tinme delay setting signals for
i ndicating delay time differences of the K sets of baseband phase signals
based on the K sets of asynchronous received phase data sequences Jerr].
In carrying out the invention and accorgling to a still further aspect
thereof, there is provided the diversity conmunication.apparatus wherein
the timng recovery neans conprising: K sets of phase detecting neans for
outputting K BE:s 2fisverbhocbelisgrpmeniklegbtatingea synbvitatéquenty
conponent data and K sets of odd-nunber sequence synthesized synbol
f r equencythe puasatdetecting usectiox 62t inothecpresent enbedimens-sedbences
Y[err]; K sets of frequency converting neans _each for generating, a conpl ex
F?ge 8hase

di r ect - cuthRntl e HoEAteTeRTe RiRe §<2 otndicatasnd et eceyedc
“y1thes] o igle {RSUSREY SAPANEIL 8L e LEE 38 Guheaifen e
o monen PASESAS LIBRLG30C, Lotnlnee) Haky comoet andishaoerel
of conpl epndli d£Ed - Kl i LOEr£ONPOMENESF, 68G and 68H indicate
subtractors, 69A, 69B, 69C and 69D indicate phase jitter
quantity calculating séctions, 70 indicates an odd-number
sample synthesizing section, 71 indicates an even-number
sanmple synthesizing section, 70A and 71A indicate registers,
70B and 71B indicate adders, 62c indicates a odd-number.
sequence synthesized symbol frequency component data ‘output
terminal, and 624 is an even-number sequence synthesized
symbol frequency component data output terminal. .

FIG. 3 shows a block diagram illustrating a constitution
of the filtering section 63 of the present embodiment. In
the figuré, reference numeral 63a indicates a phase contro;
complete signal input terminal, 63b indicates an even-nuhber
sequence synthesized symbol frequency component data. input
terminal, 63c indicates an odd-number sequence synthesized
symbol frequency cémponent data input terminal, 63d indicates
a regenerated clock input ﬁerminal, 63e indicates.é

. regenerated quadruple frequency clock input terminal, 63f
indicates a frame synchronization signal input terminal, 63g
indicates a burst gate input terminal, 72 indicates a
f;equency converting section, 73 indicates a symbol
synthesizing section, 74 indicates an integral filtering
section, 75 indicates a phase difference calculating section,

76 indicates a symbol frequency component quantity



K sets of integral filtering neans each for outputting I nt egrated

ort hogonal data and integrated in-phase data by use of the K sets of
synbol orthogonal conmponent signals and - the K sets of synbol in-phase
conponent signals; integrated val ue syfat hesi zi ng nmeans for adding all of
the K sets of I ntegrated orthogonal data to output the addition result as
synt hesi zed orthogonal data . and adding all of the K sets of i nt egr at ed

i n- phase GRkGRkLING rﬁﬁc‘i#@"ad%ﬁ tjr%’-‘F%E%‘Ftaa%and%‘?n‘t’%yél fhlterirgrat ed
P onal SeRAaa RA £ eg%t%?"é&m Hifvehase JThoRends 10858 PHERYEphase.
trol | f t d f
ol cul at (TPRAAT, €5 A AR o IR M‘E‘E%&ﬁiﬁ%? ‘?3‘1“5 et n‘g“%g?%?%. ving
appar at Uy egio ! tddida by g&‘aif ﬂ{diéﬁeeéy&kf@ﬁ'gfgfnéﬂt@@égﬁedtéfmﬂﬁaﬁe dat a

and the synthesized inte ed orthogonal data to output the cal cul ated

phase didrierasambiddtidta owme $idgi£l engepat teriisel s of synbol
frequency conponent cal cul ati ng neans each for cal culating the synbol

frequency conRitbnt4d dusmrd iblock dliragian diblusteating respomstituthorgotl
filtering neans by use of the K sets of integrated orthogonal data and the

K sets ofthenmhfsa apninel auantity; d%wmilz@dsgcym ﬁ eteblte conponent
quantity %%égﬂéﬂéﬂg%dnﬁgk%fégiégﬂéﬁgégéégkm'gg{krff terlng section 77

as the filtering section 63. In the figure, reference

- numeral 65a indicates a symbol frequency component quantity
.input terminal, 65b indicates a frame synchronization signal
input terminal, 65c indicates a timing phase difference data
input terminal, 654 indicates an UP siénal.input terminal,
65e indicates a DOWN signal input terminal, 65f indicates a
timing phase control interval setting signal input terminal,
78A and 78B indicate comparators, 79 and 81 indicate AND
gates, 80 indicates a register, 82 indicates a selecting
section, 83 indicateS'an.UP/DOWN'data.generating section, 84

- indicates a gate circuit, 85 indicates a clock frequency
deviation corrector, 85a indicatés a clock base oscillatidn
frequency deviation measuring section, 85B indicates an
automatic frequency control signal generating section, 65g
indicates a phase control data output terminal, 65h indicates
a frequency deviation measurement complete signal output
terminal, and 65i indicates a line disconnection detect
‘'signal output terminal. |

FIG. 5 shows a block diagram illustrating a constitution

of the time delay difference calculating section 67 in the |

present embodiment. In the figure, reference numeral 67a



synbol frequency conponent quantity by use of the synthesized integrated
ort hogonal data and the synthesized integrated in-

-36- phase data; phase control quantity .determ ning nmeans for |atching
the timng phase difference data in a psadod of the timng phase control

I nterval setting signal to output the latched timng phase difference data

as the ph sg contr ol at a; nth hase control 9 for e erating

t he synbgF LFBERSaRIP ﬁ@eXcP 9§$§a put terpd B?ldlg i vi ng
Kk h dth

X o ot SEeTPE' BTl ifelt E%%@ g Ozt tnal il 8F° %\Etdz'i‘%%ﬁ'na?he ’

phase Con%iﬁg ﬂalﬁ %r%eﬁﬂiﬁéid ??ﬂ iﬁ&@&khgg 8268tRB-Re8 Sb1kitWidRl

orthogona at a O the Ksets o |ntegra terlng means to zeroto set -

each of tpepa¥nberminayyeazy cagpeacaksat erbftekcyetiovabtiont egrated
I n-phase data; and tine delay difference nmeasuring ~nmeans for neasuring

del ay ti meedstifementesompleke Kigaal dhpubasebaddaphas@hsigddcates aut put K
sets of tine delay setting signals; the tinme delay difference measuring
means havi#ge @isconnection detect signal input terminal, 86A and 86B |
indicate adders, 86C 1ndicates a register, 87 indicates a
frequency deviation eliminate data generating section, 88
. indicates a serial-parallel converting Sgction, 89 and 90
. indicate. averaging circuits, 91 indicates an<adder, 92
indicates a time delay setting signal output section, 67f-
indicates a_firsﬁ time delay setting signal outéut terminal,
and 67g indicates a second time delay setting signal output
términal.

FIG. 6 :shows a block diagram illustrating a constitution
of the integral. filtering section 74 for use in the filtering
section 63 of FIG. 3. .In the figure, reference numeral 74a
indicates a symbol orthogonal component signal input '
tgrminal, 74b indicates a regenerated clock input terminal,
74c indicates a symbol in—phase'component signal input
terminal;.74d indicates a symbol frequency component guantity
input terminal, 74e indicates a phase control complete signal
input terminal, 94A and 94B indicate adders, 97A and 97B
indicate multipliers, 96A énd 96B indicéte registers, 95A and
95B indicate selecting sections, 98 indicates a comparator,

99 indicates a seledting section, 74f indicates an integrated
6rthogona1 data'output-terminai, and 74g indicates an
integrafed in-phase data_output terminal.

FIG. 7 shows a block diagram-iliustrating a constitution



sets of asynchronous phase detecting neans for outputting asynchronous
even- nunber sequence synt hesized synbol frequency conponent data and -
asynchronous odd- nunber sequence synthesized synbol frequency conponent
data by use of each of the K sets of g%ynchronous recei ved phase data
sequences Jerr]; K sets of asynchronoUs frequency converting neans for
generating an asynchronous conplex direct-current conponent from each of
t he asynodif otlwelsranvdom watler £5kteeing segtibnsZ7Zeflosynisel ifr &heency
conponent data and the asynchronous odd- nunber sequence synt hesi zed synbol
f r equencyfikeeping segbion &f SEIG. o3 asincﬁh§n§é§u§9wb§hes99@§9§ﬁ2tﬁg
means for oufputting an asynchronous s |rec£ rent component

si gnal arfft %EyH%HF%ﬂ%%s £ yRbSt PR- 5¥gsgenoted 4 t e same relerence

fromeach of hronous conpl ex

irect cﬁ"”e’?élcs'g“?% ?sen%sme’s?igizﬁcifléisa% Y LR
for gener ase %g néftgg%ﬂ{oge?{qgﬁﬁﬂongbbdghaiégq gsgn&ﬂgggous

i ntegrate |n- ronl Sets o async ronols synbol
ort hOgonai'o&@f@P%lﬁpﬁéﬁélaéfgﬁ@ﬁ iRguK eetminhlasynehingodates an UP
signal output terminal, and 77f indicates a DOWN signal
output terminal.

. FIG. 8-shows.a'block'diagrém illustrating a constitution
of the symbol frequency component quantity calculating
section 76 for use in the filtering section of FIG. 3. In -
- the figure, reference numeral 76a indicates an infegrated.{“'
ofthogénal data input terminal, 76b indicates an integraté&
in-phase data input terminal, 76c indicates a timing phase
difference data input terminal, 100A and 100B indicate
absolute value converting sections, 101 indicates a
comparator, 102 indicates a selecting section, 103 indicates .
a weighting circuit, and 764 indicates a symbol fregquency
component quantity output terminal.

FIG. 9 shows a block diagram illustrating a constitution
of the phase difference calculating séction 75 for use in the
filtering section of FIG. 3. 1In the figure, reference
numeral 75a indicates an integral orthogonal data input
terminal, 75b indicates an integral in-phase data input
terminal, 75c indicates a regenerated l6-times frequency
clock input terminal, 75d indicates a regenerated clock input
terminal, 104A and 104B indicate absolute value converters,
105, 108 and 117 indicate addgrs, 109, 113, 115 and 118
indicate registers, 107 indicate a 4-bit shifter, 110



synbol in-phase conponent signals; K sets of asynchronous phase difference
cal cul ati ng neans for asynchronous timng phase difference data from each
of 'the K sets of asynchronous infegrated orthogonal data and the K sets of
asynchronous in-phase data; K sets 0L53§ynchronous synbol frequency
conponent cal cul ating nmeans for cal cul ating each of asynchronous synbol
frequency cenponents accunul ated by the K sets of asynchronous integral
filterindnddgateas aqonganakor & sirgficates A iRisciuntar atBER or t hogonal
data and the K sets of asynchraonous in;eq;g;ed I n-phase data; asynchronous

phase suHARNF AR ANt bl tindiga C) FHSrs 116 i ng phase
di ff ta f K t f A h tim h di f

data 1o dnriaetes & oree, e A TGHE o 4 SRR R iRnous
tinme del gy fidftdLe s 5 e‘ﬂslﬁ%éé‘%i%rfég cfé’@é’eé&éﬁl% &d toﬂE the K

sets of asynchronous p tracte ata from/[er err err] in

radian to outExd, e SHUWE'S IKIbdIe Wil dgrin K BRISt A afy Rehronous  del ay
time difference data;. asynchronous valld delay tine | fference data

out put nMeansticutidrent the crick Gaseapswillation Spdplerdayequency
conponent quantities all exceed a threshold value for asynchronous tine
del ay nefeviatden meaguwhing sdatios &% domyse Himorkhes pheissy adnfrol
difference data as a valid value to output the latched valid value as K
quantity determining section 65 of FIG. 4. In the figure, _
reference numeral 85a indicates a regengrafed clock input
‘terminal, 85b indicates a phase control data 'input. terminal, .
85¢c indicates a Af enable_signal inguﬁ-terminal, 119 and "131
indicate adders,. 120, 125 and 129 ia@{cate registers, 121
in@icates an UP counter, 122 and 12£“indicate comparators,
123 indicates an absolute value converting section, 126
_indicates a divider, 128 indicates_a bit shifter, 130
indicates a corrected data averaging'circuit, 85d*indiéates.a
frequency deviation corrected data output terminal, and 85e - -
indicates a frequency deviation measurement complete signai_
output terminal, |
Operations of the diversity communication apparétus of
the presént embodiment will be described. First, an overali
operation will be described. Like the conventional diversity
communicafion apparatus, fhe detecting section 2A detects a
carriér signal entered from the antenna 1A and passed through
limiter to output é baseband,reception phase signal. Thé
dgtecting section 2B detects a carrier signal entered from
the antenna 1B and passed through limiter to output a

baseband reception phase'signal. It is assumed here that a

delay time difference between the detecting section 2A and



-38- sets of asynchronous valid delay tine difference data; and
asynchronous delay difference data averagi ng neans for accunul ati ng each
of the K sets of asynchronous valid delay tine difference data by S (S
bei ng natural nunber 1 or higher) tingg_and dividing the accunul ation
result by Sto output K sets of division values as the tine delay setting
si gnal . In carrying out the invention and according to yet further

aspect t Hhedletegling iseqiinn RR heica B34 sPYHLOL ohHAMI 22t SRAWRAPHAr at us
means. eadiqorll oa i ah BTERs it /ereh e oue BRRE Ei R hes! z6d
Syt hesi SO AT ottt o e S ConPOlEIRE xSRRLETSE
Bdd g A A e e 1 e cogegeans Tor
conponentpfiatein Mhdt i fafied ¢ 'BOOM taed YEGU/t as total even-nunber sequence
- The time delay sections 60A and 60B are each composed of

1 to mx shift registers to sample fhe.baseband reception

signals coming from the detecting sections 2A and 2B at an

" fixed nx-time frequency clock sufficiently faster than the'

‘symbol frequency. : The sampled: data:are entéfed~in_the.shift

registers to be guéputted as delayed by the time.eqﬁivalent-

to the number*ofnéﬁift registers that the data have passed.

When time delay ;Es“beén calculated, the fime_delay sections'

-60A and 60B each set the number of  shift registers to 1 to mx

registers according to the values of time delay setting

signals tl1, and ti1,. Howeﬁer, until the time delay is

calculated, the number of shift_registers is set to mx/2. In

the time delay setting circuit operating on the fixed nx-time

frequency clock, the relationship between time delay setting

signal t, and the shift register count setting value n, is

expressed in the following equation:

m = t, x nx/32 + (mx/2) ' .. (4)
The sampling sections 3A and 3B oversample the nxétime

asynchronous data ocutputted from the time delay'sections 60A

and 60B at a frequency four times as high as the symbol

frequency to generate baseband reception phase data.

Resolution of the generated baseband reception phase data is

5 bits like that of the baseband reception phase data used in

the conventional apparatus,' The selective synthetic



synbol frequency conponent data and adding all of the K sets of odd-nunber
sequence synbol frequency conponent data to output the addition result as
total odd-nunber sequence synbol frequency conponent data; frequency
converting nmeans for adding a val ue afgai ned by nultiplying the total
even- nunber sequence synbol frequency conponent data by a conplex synbol

frequency conpanent on recei ving side_t val ue obt.ai ne tlplylng
t he t ot adiyeFsitib&e éiﬂﬂ&ﬂ qﬁ%é%ﬁﬂﬂ: qﬁ§¥ qﬁ? 3 val ue

obt ai ned \%@g&tﬁ%rgo&nn %bgslam E;a %% U R U %ﬁrc%ciqlevéﬁ&ﬁrpf red ayed

by n/4 i rect curren

-39 copanQfUrectAHY s ﬁﬁl@}p I 30 rﬁme‘ YutgRRAR i) higgragrbol

or t hogona conponent Si a sy I n- phase conponent™ signal from

t he conpleadived tsigHd1e PHowed PONeNadd iR, althd iddlidtigrerasastietic
generating integrated orthogonal data and |ntegrated I n- phase data by use

of the syivelrsdriyheagaidlon Ednpurtputtssiagrsigreald thet shndiadaties etheant ed

i n-phase data; timng phase control interval setting nmeans for outputt]ng
a si gnalseledted brapdeiasy anselegtiominignelor hi gher) as a :

The timing recovery section 5A uses the baseband
reception phase data outputted from the selective synthetic
diversity section 61 to-perforﬁ'timing regeneration. The
timing recovery section.:5A also eontrols the ‘quadruple clock.

~.phase such that the sampling sections 3A and 3B sample the
baseband reception phase data at a Nyguist point position. -
Further, the timing recovery section 5A generates a
régenerated clock for,extradting.Nyquist point data from the
baseband reception phase data outputted from the selective
synthetic diversity section 61. 1In addition, the timing
recovery section 5A calculates the signal delay time
difference between the detecting sections 2A and 28 to outéut.
the time delay setting signals tl; and t2, for absorbing the
delay time difference.

In the above-mentioned example, the delay time
difference between the delays times of the signals in the
detecting section 2a aﬁd the detecting section 2B is
6/32-symbol time, so that, if tl, = -3 and t2; = 3 are
outputted,.the delay time difference is absorbed. Namely, if
tl, = -3, the time delay section 2A sets the number of shift
fegisters'éccording to the formula (4) such that the deléy
time (mx/2n x symbol time) derived from the initial number of

shift registers mx/2 is shortened by the 3/32-symbol time.



timng phase control interval setting signal; phase difference calculating
means for calculating a timng phase difference between -Nyqui st point and
recei ving apparatus symbol clock by use of the synthesized integrated
i'n-phase data and the synthesized integyated orthogonal data to output

the cal cul ated phase difference as timng phase difference. data; synbol
frequency conponent cal culating neans for calculating the synbol frequency
conponent quanTheyabavesmehtienedycohtrodr oéspbeditigel dedgyalselitioas ng
means by use of the integrated orthogonal data and the integrated in-
phase datéQApﬂEQeﬁggnF?BPSqﬁbﬁtF%gnéétéﬁﬁﬁﬁlﬁémﬁe§ﬁ§fﬁ6ﬁncﬁag@WWﬁ§nthe
timng phas ce data,in a t he I m_ng ro

i nt erval Stg ffié@ﬁ%? PBCHHPPEL 6 ﬁeangagbﬁeﬁ apak &g pﬁég ?F%@ﬁ ence dat &
as the phage, coplipl 4 téthF Qatrgh MRAAS 4§ @l %Pﬁbﬁ B% e%ﬁ?%ﬂ@ ng

appar at us base OSCIf|a on C o genefate a Sy
X-times Qdéiéﬁ“@iﬁebeckhénglgﬂﬁfntﬁﬁé 8dCQBEraEtQéE§nBa§ecQ§%ﬁ 22

ng9§§
entered, controlling a phase of the sy clock and a phase of
X-times oxedstne! timéogklay éé@tﬂbﬁsGOAOBhHOkheddéaaynilmétthth&aﬁE tine,

resetting the integrated orthogonal data of the integral filtering neans
to zero tsignal .that passed the detecting section 2A and the time
delay section 60B becomes'6/32'- 6/32 = 0. Like the Nyquist
point extracting section in the conventional apparatus, the
Nyquist point extracting*section 6 :extracts Nyquist point
data from the baseband reception phase data outputted from

' the selective synthesis diversity section 61 and outputs the
extracted Nyquist point data.

The following describes operations of the timing
recbvery'section 5A. The received phase data
quadruple~oversampled are. entered in the phase.detecting :

" section 62. ‘In the phase detecting section 62 of FIG. 2, the
received phase data entered ffom the input terminal 62a are
re—timediby the regenerated gquadruple frequency clock coming
from the registers 68A, 68B, 68C, 68D, and the input terminal
62D. The subtractor 68E subtracts the input of the register
68A from the output of the register 68A to output one sample
differential data sequence. The subtractor 68F subtracts.the
inﬁut of the register 68A from the output bf the register 68C
to output three sample differentia; data sequence.

The subtractor 68G subtracts the input of the register
-68A .from the output of the register 68B to output two sample
differential data sequence. The subtractor 68H subtracts the .

input of the.register 68A from the output of the register 68D
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resul ts pngeéhgittent quahtigyt baledldating sectdionsd&9Audherougig6dice t ot al

dat a.

In carrying out the invention and according to a stil

separ at eraspectivadyedn, thhequansipies odd thedirecedived phase data to

waveforms represented along the time axis in a range of 0 to
(. If differential data sequence X; is represented in x bits
(-2*1 < X, < 2! - 1), then the phase jitter data sequence Y,
after conversion are. obtained from the following relation if
-2*% g X, € 2%%; ,

.Yz = lxil~ - see (5)
I1f -2*2 > X, or 2*?%, then Y, is obtained from the following:

v =2 - x] cee (6)

Each of the phase jitter quantity calculating sections
69A through 69D is implemented by a simple circuit composed
of ‘exclusive OR gates, a comparator and adders as shown in

FIG. 12. 1If the number of bits of each sample differentiai

. data sequence is 4, then each'of the phase jitter quantity

calculating éections 69A through 69D performs conversion
processing according to the conversion rule as shown ih FIG.
13 to output each phase jitter data sequence.

The phase jitter dafa-sequenCe.outputted from the phase
jitter quantity calculating section 69C in which the two
sample differential data seéuence is entered is delayed by
the register 71 by a time equivalent to one éample to be
added by the adder 71B to the phase jitter data sequence
outputfed from the phase jitter quantity calculafing section

69D in which the four sample differential data sequence is

t he



communi cati on apparatus conprising: K sets of detecting neans for
converting signals received by K sets of antennas into baseband phase
signals to output the sanme and outputting K sets of received signa
powers; K sets of tine delay neans each,for giving a delay indicated by
each tinme delay setting signal to each”Paseband phase signal to output a
time delay baseband phase signal; K sets of sanpling neans each for

X-11 mes ogrternefili nTheheesult o€l ahikaadddrd ophdse ourtpuditedo fromt e
recei ved phase data sequences Y[err] (i being natural

-41- nun®etpetorenngnal) 62dcpsc even-nyumbest seqyienses sy thesizedor
outputting, of the K sets of received phase data_sequences Y[err], a
recei ved 5ﬁ@§%1dﬁ?ﬁqgéﬂﬁgnG@mESPP€§p§ﬁ§Png F$eapﬁﬁﬁ%wa T K sets of

I Rty S DAl b e
ol o S, S0 AW Sl et Tl ot
;??Pﬁggebigﬁggﬁgﬁgﬂgl%gﬁéféHYLgeaE§a§@H by RPleAriedd stely MDAl 15 ACkiaed an
equivalent to one sample to be added by the adder 70B to the
phase jitter data sequence outputted from the phase jitter
quantity célculating section 69B in which the three sample
differential data sequerice is eptered. 7Th§-£esult of this .
addition is outputted  from thé output terminal 62¢ as
odd-number sequence synthesized symbol frequency component
data. ' .
The following describes a sequence of operations that
take place in the phase detecting section 62 with reference
‘to FIGS. 14, 15 and 16. The graphs of FIGS. 14 and 15 show .
the: received phase déta—having a random pattern modulated by
B/4 QPSK. Tiny circles in FIG. 14 indicate the data sampled
by the regenerated quadruple frequency clock. The data .
obtained by indicating the.phasé of the sampled data in 5
bits (0 tb 31) are shown in (A) pf the timing chart of FIG.
15. Based on the received phase data shown in (A) of FIG.
15, the one sample differential data sequence, the two sample.
differential data sequence, the three sample differential
data sequencé, and the four sample differehtial data sequence
are obtained in a range (6 bits) of —31.to 31 as shdwn in (B)
through (E) of FIG. 185.
Phase jitter data with x=6 substituted in relations (5)

and (6) are obtained as shown in (F) thrqugh'(I) of FIG. 15.



extracting a Nyquist point of a received signal by use of the K sets of
recei ved phase data sequences Y[err] and, at the sane tine, outputting K
sets of tine delay setting signals. In carrying out the invention and
according to a still separate aspect tggreof, there is provided a

diversity communication apparatus conprising the timng recovery
apparatus, the diversity comunication apparatus having: phase control
accunulatpﬁé nvahgrfeeqa@@@ﬁusapwhgsaﬁédesxm&mﬁwﬂrQﬁaﬁyqx)qgmﬂﬂnﬁmﬂhe
addition result as phase contraol . accunul ated dat a; %égeV|at|on

el i m nat i AgtRedre Potalngs: Pé(cﬁﬁyingr(?ﬁﬁ one ﬁ?&?&
St e e ARG S A BB B B
oot " B8qlEhah 3honaBHING ROSUAIE Ror o phide AN ki 12 phace
signal indbgabfce HaERGCLNORNS thRasUaidlle AE RIrcNYi}Rdatd
control signal instructing |ead of a synbol clock phase cones to output
t he subtrast shownaline (Jr) tife FAddi Li5an Exlenenimber sequence synthesized -
symbol frequency component data are obtained by delaying by
two sample the phase jitter data sequence based on the one
sample differential data sequeﬁce-and adding .the result to. . .
the.phase.jitter-data'séquencé-based on the four samplé
differential data sequence as shown in (K) of FIG. 15.

- .The data sequence .shown in (J) and (K) of FIG. 15 are
shown in the graph of FIG. 16. Circlés indicate the
odd-number sequence synthesized symbol frequency component
.data shown in (J) of FIG. 15, while triangles show the
even~-number sequence synthesized symbol'frequency component_

. data shown in (K) of FIG. 15. Eadh.daté sequence shown in
FIG. 16 includes a symbol freguency component as shown in é.
solid line. As shown in FIG. 16, the symbol freguency
componént included in the odd-number sequenCe.sjnthesized
symbol frequency component déta is lagging behind the symbol

- frequency component included in the odd~number sequence
éynthesizedfsymbol frequency component data by r/4 radian.

Thus, the phase detecting section 62 outputs the two
data sequence including the two symbol frequency components,
namely, the odd-number sequence symbol frequency component
data and the even-number sequence symbol frequency component

data. It.should be noted that the phase detecting section 62

may use the phase jitter data sequence based on the two



-42- deviation elimnated accunul ated data; and tinme delay setting signal
out put nmeans for averaging the deviation elimnated accunulated data for
every nunber (1 to K) indicated by a select-after-detect signal to obtain
a difference between K pieces of avergged data, outputting the obtained

value as K sets of tine delay setting Signals. BRI EF DESCRI PTI ON OF THE
DRAW NGS FIG 1 is a block diagramillustrating a constitution of a
di ver si t ysammyrurdictferentiplrdats sequencedrsthe fphase jpitterrdata

enbodi nent of the present invention; - FIG 2 is a block diagram

11 ust r atSQEpencR RasedoRithe foun RaRpRIGtifereatial Aata sequancy

| | :
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control qua 0t erm ning sec OVery Sec

FIG 1, yse. trﬁé %ha'isé Sjﬁtﬁﬁ%ﬁa %c?féﬂéé Usddad | G €né Oohsd | Sathpe of a

time delay difference calculating section in the timng recovery section
of FIG - Bifferential data :sequence or the phase jitter data sequence . -

based on the three sample differential data sequence as the
-even-number sequence synthesized symbol. frequency component. .
data. _ . _
- ‘The following describes -operations of the ‘filtering
section 63. The filtering section 63 of-FIG..3 6btains a
- complex direct current component DC by multlplylng, as shown .
1n the follow1ng formulas (7) and (8), even—number sequence
synthesized symbol frequency component data DE; (i being the
‘number of samples) comiﬁg from the input terminal 63b and
odd-number sequence synthesized symbol frequency component
data DO; (i being thevnumbertbf samples) coming from the
input termiﬁal 63c by complex .symbol frequency components
cos2nf (T,/4) and sin2nf, (T,/4) of quadruple oversample
generated by_dividing the ‘base oscillation frequency by the-
frequency converting section (where, £, denotes sending-side
symbol frequency, T denotes a symbol period, i dehotes the
number of samples, actually the number of regeneratéd.clocks
coming from the input terminal 63d):
Re[DC] = DE; x cos(2nf,(T,/4) - B/4)
+ DO; x cos2nf (T,/4) . ces (7)
Im[DC} = DE, x sin(2nf,(T,/4) - n/4)
+ DO, x sin2nf (T,/4) eee (8)



FIG 6 is a block diagramillustrating a cdnstitution of an integral

filtering section in the filtering section of .  FIG 3; FIG 7 is a
bl ock diagramillustrating a constitution of a randomwalk filtering
section in the filtering section of FlG 3; FIG 8 is a block

diagramillustrating a constitution of
-43- a synbol frequency conponent quantity calculating section in the
filtering sectirorthis Rtd3e 3;the multHgdyihg prodessingli Bgraimpléustrating a

constitution of a phase difference calculating section in the filtering
section dfeqause3;for 1 =HEG 10 35 3 Hodk di agrarsesingi(Taf #ngtakes
constitutiaon -of a c¢lock base oscillation fr%ﬁﬁﬁégé deviatig&)neasuring

section iRYURS phdet cdi rot frarttd ty det S5 Bdfom & 4IFitakes

PG L Tl B Ehav, (rseca AT gogiatlopra, Ll 4 vers ()

LT ustratdiih o PRAL) | takEE values of €0, 1, 0, -1, 0 ...}, and
sin(2rnf (T;/4) - n/4) takes values of {—1/2“2,'1/2“2, -1/2Y7%,
-1/2Y2, -1/2%% |, 3.

Thus, the frequency conﬁerting séction 72 _
freQuencyeconverts the symbol frequency component included in
the evenﬁnumber;sequence'synthesized symbol frequency
component data and the odd—np@ber sequence-synthesiied symbol
frequency-compOnentﬁdata“intéﬁa DC component. It should be
noted that only one of the ééen—number and odd-number
. sequence synthesized symbol frequency component data may.be
used. In this case, the scale of circuitry is reduced to a
half. _

. The symbol synthesizing section. 73 synthesizes the
in-phase component Re [DC] and -the orthogonal component Im-
[DC] of..the complex.direct current. component DC in units of
four samples (for one symbol) to output the synthesized
signals as a symbol in-phase component signal and a symbol
orthogonal component signal outputted in one.symbol period.

-Averaging the values of the.symboluin—phase component
signal Cd, (i being the number of samplés) and the symbol
orthogonal component signal Sd, (i being the number of
samples) obtains a timing phase difference. The integral
filtering section 74 averages the values of the symbol
in-phase component signal Cd; and the symbol orthogonal

component signal S4, by performing L symbol integration on



gquantity calculating section in the phase detecting section of FIG 2;
FIG 13 is a diagramfor describing a rule of conversion processing
performed by a part of the phase jitter quantity calculating section of
FIG 12; FIG 14 is a timng cha%é for describing operations of the
phase detectlng section of FIG 2; FIG 15 is another timng chart .
for describing operations of the phase detecting section of FIG 2;

FIG 16 ithey vakies anhashownrinicthe i formula 6% ppelow f@heembedet-ecti ng
section of FIG  2; FIG 17 is a timng chart_for descrjbing

oper at i orfRPEALRING ran AFRIARIAR e 9f n‘i}‘%e%‘(?ﬁg%n\ﬂa]a‘%yn%? BYR$Resi zi ng

e fil h
or desciitiHFUIE Ge BESFIng ereion 15 1970 PP RRLScEiTLE foere
fllterlngi%éc#agramlFIG 35 _ _ ) | - 44-

FIG 19 is Tlustrating a rel ationship between
L L
Ae, = tan? (Zs8d4,/Zcd,)  eee (9)

i=1 i=l

If the valge of the symbol orthogonal component signal
.8d;"is negative, it indicates that the timing phase is
..lagging; if this walue is positive, it indicates that the
timing ph§§g~is leading. Hence, thg random walk filtering
.section'72”ﬁses-a sign bit of thefsymbol.orthogohalqcomponent.

signal'Sd: to control clock phase, thereby implementing a
timing phase following operation. Waveforms (B) and (C) of
FIG. 17 for example indicate the operations of the frequency
converting section 72 and the symbol synthesizing section 73
when there is a timing phase difference of 15n/8 radian (the
timing phase is lagging) as shown in (A). of FIG. 17... Wave-
.forms (G).and (H) of FIG. 17.indicate.the.5ymbol in-phase .
 component signal Cd; and the symbol orthogonal component
signal Sd;. For simplicity of description, FIG. 17 shows the
case in which the freQuency converting section 72 operates by
using the odd-number sequence synthesized symbol frequency
component data having only the symbol frequency component.

In this case, the symbol in-phase component signal C4,
;ndicates a positive value and the_symbol orthogonal
component signal Sd; indicates a negative value. The ratio
(Cd,:84d,) indicates a value near cos(15n/8):sin(15n/8) =

0-92:-00380



output and tim ng phase difference of the integral filtering section of

the filtering section of FIG 3;. ~FIG 20 is a diagramindicating
wei ght val ues used by the synbol frequency conponent quantity cal cul ating
section in the filtering section of F 3; FIG 21 is a timng
chart for describing operations of a ase difference calcul ating section
in the filtering section of FIG 3; FIG 22 is a diagramindicating

contents of phEtee fmﬂelwinmrﬂééc:e!aresmati@qarmﬁe@sén@bggrab phase
difference calculating section in the filtering section of FIG 3;
FIG 23 iStlkkering aﬁﬁcfﬁfmue"s%-rl B glrktiat Rublr 0 ry sPO¥erteR out put of

t he phase dlfferenc cal cul ating secti the filtering section of FIG
3; sfe%Fcﬁ 4 0 %é’%‘f%‘birnﬁr%‘ﬁ‘%%rﬁﬁ’%ﬁ NHut put of the

22‘35&?%&% R 4 AR il o TERRLSR St Bl Ritde PIane
chart f ory. %ﬁ é t}_l. SHSL agw%ﬂi] t hfh c,hpék @@?&.gfcﬂi@éf f requency
as t ro

devi ati on urlng section §n tHe phase cont quantity determ ning

section Qectilda 74 of FIGFI&; ﬁﬁéléyﬁbélr&f@h@&ﬁﬁélfé&mﬁ&ﬁ@ﬁtbsﬂgnal
operations of a
entered from the input terminal 74a is accumulated by the
adder 94A and the register 96A. Likewise, the symbol
in-phase component signal entered from- the input terminal 74c-
is accumulated by the adder 94B and the regiéter_QGB;.-At,-
this moment, the multipliers 97A and 97B multiply the values
-of ﬁhe registers 96A and 96B by.one respectively.

- The output value of thé adder 94A is outputted from the
output terminal 74f as integrated orthogonal data. The
output value of the adder 94B is outputted from the output
terminal 74g as integrated in-phase data. Using these
orthogonal and integrated in-phase data, the symbol: frequency --
component. quantity calculating section 76 of FIG. 3 |
calculates a symbol frequency domponent,quantity.. The symbol

- frequency component quantity SV is obtained from the
integrated orthogonal data.QS énd the integrated in-phase
data IS from the formula of (10) below:

SV = (QS? + IS?)Y2 see (10)

Consequently, if a ditect current component is generated
in the symbol in-phase component signal Cd; or the symbol.
o:thogonal component signal Sd;, these signals are
aécumulated in the integral filtering section 74, so that the
integrated in-phase data or the integrated orthogonal data

increase, thereby increasing the symbol frequency component



time delay difference calculating section in the timng recovery section

of FIG 1, FIG 27 is a block diagramillustrating the diversity
comuni cati on. apparatus practiced as a second preferred enbodiment of the
present invention; -45- FIG 28
Is a block diagramillustrating a const®®fution of a time delay difference
measuring section in the timng recovery section of FIG 27; FIG 29
is a bl ogquathtaigryasV ldetsdrdinglyya constitution of a filtering section in
the timng recovery section of FIG 27; FIG 30 is a block diagram

i | lustrating dhamsthe \Bymepl ofrequency romponentrgquantityi SY enceads
filterinq;section of FIG 29; FIG 31 is a block diagramillustrating a
const i t utii$h thieshelq (£9T ctheuinkintee  Hppukse | BRSPANER SYibPRY™decovery

sectt o0 Snd Knd yian 4P Fufbolhy € it of Brdsh St ERLE e
component quantity SV has exceeded the th;esholdw The
selecting section 99 stops selecting "1" and selects a (0 < a
< l) to output the same. Consequently, when the symbol
frequency component quantity SV has exceeded the threshold
for infinite impulse response switching, the integral .
'filfering section 74 operates as an:infinite ‘impulse response
filtering section that multiplies the outputs of the
registers 96A and 96B by a.

Using the integrated orthogonal data QS and the
integrated. in-phase data IS outputted from the integral .
filtering section 74, the phase difference calculating
section.75 in rear stage obtains a timing phase difference.
The phase-difference calculating section 7 can quickly obtain
.a correct ratio between the integrated orthogonal data QS. and

.. tha. integrated. in-phase .data IS.by.this accumulation of the . .
integral filtering section 74 at the initial pull-in. Also,
if the symbol frequency components have been accumulated
.sufficiently, the integral filtering section 74 operates as
an infinite impulse response filtering section, so that
stable integrated orthogonal data QS and integrated in-phase
data IS can be obtained.
| When timing phase difference A6 is obtained by the phase
difference calculating sectioh'75 and phase control is
performed by the phase controlling séction 66 of FIG. 1 such

that the timing phase difference A® is canceled, a phase



FI GS. 33(A) through 33(D) are characteristics diagrans for describing

operations of the integral filtering section of FIG 30; FIGS. 34(A
t hrough 34(E) are other characteristics diagrans for describing operations
of the integral filtering section of G 30; FIG 35 is a block

diagramillustrating a constitution of the diversity conmunication’
apparatus practiced as a third preferred enbodi nent of the present
i nvent i ommontrol danplete isigndll dick efiteyreadnin|the rintegral chhtteringon of
an integral synthesis filtering section in a.tirgégk recovery section of

t

FIG 35; sectior|?4 Grom sthe pinpyt diergrinal 1748 leREING oFRRTLBRRBR of a
Phase comtlolrdtHd ‘Wedle Srinsh SSHED Lo {iadd Bokrd SSUE 80t | O
v e A A" Uy ety Neobpangiet o= o
. quantity is entered in the register 96B wvia the selecting.
section 95B and "0O" .is entered in the register 96A via the
selecting section.QGA. Thus, the accumulation of symbol
frequency components is enabled by performing the phase
control of the regenerated. clock by the above-mentioned
- operations. Namely, a low jitter characteristic can be
realized while thé-high—speed.pull-in'of clock phase is -
achieved. '
The operations of the integral .filtering section 74 and
the symbol frequency component  quantity calculating section
- 76 will be described with reference to FIG. 18. For the-
- symbol in-phase component signal Cdi and the symbol .
orthogonal component signal Sd; which are inputs, values
listed in FIG. 17 are used. - The operation starts at a poiﬁt
(a) of FIG. .18...Then,. the integral filtering section 74, . . -
- performs.an accumulating operation to accumulate the symbol
in-phase componenﬁ signal Cd; and the symbol érthogonal
component signal Sd;, of FIG. 17 respectively. Conséquently,
. as shown in (A). and (B) 6f FIG; 18, the integrated“in-phase
data and the integrated orthogonal data increase linearly.
The ratio of increase in each data matches the ratio between
the symbol in-phase component signal Cd; and the symbol
orthogonal cdmponent signal Sdi shown in FIG. 17. Since the
symbol frequency component quantity can be obtained from the -

formula (10), the component guantity also increases linearly



FIG 39 is a characteristics diagramindicating a relationship between
out put and delay tinme difference of the filtering sectionin the timng
recovery section of FIG. 35; FIG 40 is a block diagramillustrating
a constitution of the filtering sectiog,in the timng recovery section of
FI G 35; FIG 41 is a block diagramillustrating a constitution of
the diversity comuni cation apparatus practiced as a fourth preferred
enbodi mrenasohowa pred€it of\FI&.i A8 . FIG 42 is a block diagram

illustrating a_constitution of a synbol frequency conponent synthesis
filtering sect A$nPoiRty (Hniafy Fi&eodd,y that5ymbok freguency compongnt 43

Is atimng.chart for describi perations of the synbol fr ency
conponentqg$ﬂFﬁ§§i?xﬁq%a%ﬂqu gggﬁi § TMRYLSS (TRSRP ﬁﬁxﬁﬂﬁséﬁkhﬁion of
FIG 42; 4441 0C [ dll radi a nstlfuti-on of a
di versi tytggﬁrsrﬂlﬁﬁ'c@ét [ g’r}\legrgggrqjﬁ'ulésgrsg’g{@{cneﬂl a(;bs); c?él fifhg;' pﬁ'f Z%lj?éed

embodi MeNg n@bgkle BHATRR Ng\WRMHi¥R 74 stopgd Qhélgéécﬁzlﬂiﬂ%di.agram

illustrating a filtering Section in the timng recovery section of FILG
44; opkfat46n, s staiititly dnFindod linpRils irgsporssiltddtig of an
integral filtering section in the filtering section of FIG 45;
operation. Consequently, following the point (b) of FIG. 18,
the integrated in-phase data, the integrated orthogonal data, -
"‘and the symbol frequency component quantity all converge to
certain values in gradual curves. As shown in (E) of FIG. -
18, the Qhase-control'coﬁplete signal rises at point (c) to
indicate that. phase control has been performed. ' Then, the
symbol frequency compohent guantity at that point is loaded
in thenintegrated'in-phése daﬁa and "0" is'ioaded in the
integrated orthogonal data.
© An. attempt-to implement .the formula (10). by a hardware .
circuit increases hardware scale, so that the symbol
frequency component quantity calculating section 76 is
implemented by a simple circuit as shown in FIG. 8. Namely,
in the éymbol-frequency component quantity calculating
section 76, the absoclute values of the integrated in-phase
. data IS coming from the input_terminal 76b and the integrated
orthogonal data QS céming from the input terminal 76a are .
obtained by the absolute wvalue converting sections 100B and
100A respectively. The comparator 101 compares the outputs
.qf the absolute value converting sections 100B and 100A and
outputs a signal to indidate the greater value to the
selecting section 102. . The selecting section 102-outpgts the

greater of the outputs of the absolute value converting



FIG 47 is a block'diagran1i||ustrating a constitution of a synbol,
frequency conponent quantity calculating section in the filtering section

of FIG 45; -47- FIG 48 is a
diagram for describing a relationship Jhetween data for stopping filtering
operation and filtering operation stop tine in the integral filtering
section of FIG 46; FIG 49 is a timng chart for describing

oper at i onsectiondclOOB egnal LO0AL er iIAgthecoubputf valGe d€6; the selBtGing0 is

a block diagramillustrating a constitution of a prior-art diversity

comuni cesecrioppi@atis; outputted avithout ghangekfgplgtheh PUERYErating a

constitution of_ a phase detecting section for initial pull-in.in a timng
[

recovery SRERIRAL ofo¢ 35 the symbolfrequency GOPPERRNE; JYRIRETEY uBtrati ng

oot o b ol L EEM00ad S bR A B bkt bR BT
a consti i PNendf £ SrMiEs O( 6 €CL ¥REr86LL0Ncha" ottpaALYoE! €h8 I N the tim ng
selecting section 102 is multiplied by a weighting value by
the weighting circuit 103.
In the above-mentioned embodiment, timing phase is
" ..expressed in five bits 6f 0 through 31. The error of the

output of the selecting section 102 from the ‘value obtained
from the formula (10) depends on the value of the timiqg'

- phase difference obtained. from the formula (9). For exampléff--
if fhe timing phase difference is "3" (3n/16 radian) and th;}
symbol frequency component quantity obtained from the formula
(10) is A, then the selecting section 102 éelects integrated
in-phase data B shown in. FIG. 19 (because B > C). Since B = . ..
A . x cos(3nrn/16), let-B.be symbol frequency component gquantity,
then the symbol frequency component quantity becomes a value
smaller. than the inherent . value by (1 - cos(3n/16)).x A. .

When the timing phase difference is "11", "19" or "27", the
same error is caused. When the timing phase difference is

Sm4n, w12, 20" oi "28", a maximuh error is caused. Namely,
let B be symbol frequency component quantity, then the symbol.
frequency component quantity becomes a value smaller than the
inherent value by (1 - cos(n/4)) x A.

. Thus, the relationship between the values on which
modulo 8 (corresponding to 8: n/2) were performed for timing
phase difference (0 through 31) and the output values of_the

seleéting section 102 may be expressed as shown in FIG. 20.



recovery section of FIG 50; FIG 54 is a block diagramillustrating
a constitution of a zero-cross detector in the phase detecting section for

steady state of FIG 53; FIG 55 is a block diagramillustrating a
constitution of the filtering sectioncpor steady state in the timng
recovery section of FIG 50; FIG™56 is a block diagramillustrating

a constitution of a phase control selecting section in the timng recovery
secti on @it BlsGassEiimed thatf|the 5/alue obH|tthk simhplhfrequeneyting a '

constitution of a phase controlling section in the timng recovery section
of FIG &s@mponent quantity obtained from the formuyin (10) begenstant ,
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difference data. coming from the input terminal'76c to.
multiply the .output value of the?selecting section 102 by the
selected weight value . Then, the weighting circuit 103
outputs the multiplication result from the output terminal
764 as the symbol frequency domponent quantity. -Thus, -the -

. symbol . frequency component . quantity without error can be
outputted. o

_ As.described~ab6ve,<the timing phase difference to be

caléulated by the phase difference calé&lating section 75 can
. be obtained by the arctangént of integrated in-phase data and
integrated orthogonal data as indicated by the formula (9).
However, if the timing pbase difference .is obtained from the
formula (9), hardware scale of the phase difference
'calculatipg section 75 increases. In‘the present embodimeﬁt,
therefore, the phase difference calculating section 75 is .
implemented such that timing.phase difference is calculated
by a simple processing operation as shown béiow. Timing -
phase difference 66, in itself can be-obtained from formula
(11) based on:a relationship shown in FIG. 19 for example.

In the present embodiment, tﬁe timing phase difference is
obtained from formulas (12a) through (12d). In what follows,
B stands for integrated in-phase data while C stands fof '
iﬁtegrated orthogonal data.

Ao, = tan™'(C/B) ' ses (11)
If B=20, C=20,



FIG 60 is a diagramfor describing a burst format of transmi ssion data in

the diversity comuni cation apparatus of FIG 50; FIG 61 is a
timng chart for describing an initial pull-in operation in the diversity
conmuni cati on apparatus of FIG 50; FIG 62 is a diagramindicating

data in a ROMin the filtering secti 6% or initial pull-in of FIG 51;
FIGS. 63(A) and 63(B) are diagrans for describing operations of the
zer o-cross detdmyt'oe= 2t ke |ot{atgBdetredCijng sectione f(k2s) eady state of

FIG 53; : FIG 64 is a diagramindicating an input/output
relatlonship(ﬁfeBQchﬁzﬂoss S|gnal ynthe5|2|ng sectlon in the phase
detecting section for steaciéd 1ti of FI G 65 is a timng
chart for desd8di rrg“d EatlBdd4 181+ HE [N r"té;r/l ng"b‘ecﬂ%}?])for steady state
of FIG 55; F|l GS é;}/» and 66(B) are timng charts for describing
operations of hé éé ntrolling section of FIG 57 in steady state;

FIG 67 is a tydn,ng ¢ Qr%‘ J%rlégﬁ?rrl bll% 22 Qtpera.t;}ong%)be perforned at

initial pull-inTof th ol li section o and
FIG 68 is a bpgedl dynlllustratlng a constitution

A8,' = n/2 x |B{/(|B| * |c|) + 3n/2 ces (12d)

Thus, the calculation of tan™ can be realized by simple
.addition and subtraction, thereby:reducing hardware scale of

- the phase difference'calculating section 75. It should be
noted that Ae, obtained from the formulas (12a) through (12d)
‘has some error as. compared w1th the value .originally obtained -

- from the formula (11). For example, according to the
relation-shown in FIG. 19, B = A x cos(3n/16)'and C=2azx
sin(3n/16) are substituted in the formula (11) to provide A8,
= 3n/16 = 0.1875n. However, if -the same are substituted in.
the formula (12), Ae,' = 0.2997n will result, causiog some
aerror from the original value. .

FIG. 9 shows a .circuit constitution of the phase
difference calculating section .75 for calculating a timing
ohase difference according to the formulas (12a) through
(12d); In FIG. 9, cases are not classified according to the
formulas (12a) through (12d). -The absolute value converters
1042 and 104B obtain the absolute wvalue of integrated
‘orthogonal data coming from the input terminal 75a and the
absolute value of integrated in-phase data coming from the
input terminal 75b respectively. From the two absolute
valuee, a remainder Q obtained by dividing the timing phase

difference by n/2 results. The quadrant of the timing phase



of a phase contr ol guantity determ ning section of FIG 27.

-49- DETAI LED DESCRI PTI ON OF PREFERRED EMBCODI MENTS Thi s
invention will be described in further detail by way of exanple with
reference to the acconpanyi ng draw ngs. _ Enbodi nent 1: The foll ow ng

describes a diversity comuni cation aﬁﬁaratus of selective synthesis
diversity that receives a signal by K =2 antennas. Atimng recovery

secti on USHT ferice il 18 ROE¥hIREE RERS MPde S€1 gl £ et s €l &
[err]/4 shift QPSK. Referring to FIG 1, in which conponents simlar to

t hose of Fha iFtemymatishalrecplnsd datsmnand efhes eltkegrated adsthaedmnal | s
shown a constitution of the diversity conmunication apparatus including a
timng redaksry dektihm nast mignifiaent hife of rehe chergTRiRd cintpRase
Bt onnas, dBkecks 20°) A A ate Gl GRS GOROGRIE RO hatEat e 1 e
del ay SeCt"iOQ'QS the tair}ndi;?’gB pil{]adsieC % eference data are located in the '
first quadrant "O". ‘The first quadrant is expressed in "0".
If the most significant bit of the integrated in-phase data
is "1" and that of the integrated orthogonal data is "0", the
timing phase difference data are located in the second
quadrant "1". The second quadrant is expreséed in "1". 1If
the most significant biq:bf the integrated in-phase data is
"1" and that o£ the inﬁééfated orthogonal data is "1", the
timing phase differencé.data afe located in the third
quadrant "2". The thifd.quadrant is expressed in "2". If
the most significant bit of the integrated in-phase data is
"0" and that of the integrated orthogonal data is "1", the
timing phase difference data are locéfed in the fourth
quadrant "3".. The fourfh quadrant is'expréésed in "3"..
.Thus, let the quadrant obtained by.each'of the most
significant bits be D = {0, 1, 2, 3}, then the timing phase
difference data Ae,' are obtained from the formula (13) as
follows: _ |
A8, = Q +D x w/2 . ese (13)
Q is obtained from_the:formula (14) as follows. This
matches the relation when B20 and C20 of the formula (12).
Q= n/2 x |E|/(|B] + |c]) ces (14)
where, if b = {0, 2}, then E = C; if D = {1, 3}, E = B.

In the present embodiment, Q takes 16 values of {0, 1,



sanpling sections, 61 indicates a selective synthetic diversity section,
5A indicates a timng recovery section, 6 indicates a Nyquist point
extracting section, 7a indicates a Nyquist point output termnal, 7c

i ndicates a frame synchronization sig input termnal. In the timng
recovery section. 5A, reference nuneral™ I ndi cates a phase detecting
section, 63 indicates a filtering section, 64 indicates a timng phase
control ipf{esval ,sgblingTherefibkre, 6%hel Hdrmales (A4)haasy benttransficamed vy
determ ning section, 66 indicates a phase controlling section, and 67

i ndi cat esta themfodmbhida dilbfler ence cal cul ating section.

- 50- FIG 2 is a block diagrag1illuitrating a constitution of the
phase detecting se&NTohl62%i AEJKE |BdetedClddbodi ment. ra* £A8) i gure,

e TR iR B B TR E o R Bl 10 Rk, %
o0, 50 BbfRe LASHERREaIERREHRIIRIBES, OoF, 00 o oo Indcate
The adder 105 obtains the denominator |B| + |[C| of the
formula (15). Then, the selector 118 selects either the
output (|C|) of the absolute value converter 104A or the
oﬁtput (o)) of the absolute value converter 104B according
to a select signal represented by the most significant bit of
the integrated in-phase data and the most significant bit of
thg?érfhogénal integrated data. The selected value is
eqﬁivalent to |E|. .The 4-bit shifter 107 shifts the selected
value be4‘bitS-' The output of the 4-bit shifter 107 is
equivalent to the numerator 16 x |E| of the formula (15).
The formula (15) represents an integer part obtained by
dividing the numerator by the denominator. As a result, the
output of the adder 105, which is the ‘denominator, is -
accumulated via the register 109. When thé acéumulated value
exceeds the outpuf of the bit shift 107, the number of
'accumulating operations indicates the ihteger part of value
16 = [El/(IB] + Ich.
The following describes an example in which the output

"of the adder 105 is "5" and the output of the bit shifter 107
is "32", with reference the timing chart of FIG. 21. (B) in
FIG. 21 indicates the output of the adder 105 and (A)
indicates the output of the bit shifter 107. In this case, Q
= INT[32/5] = 6 may only be obtained from the formula (15).

A signal (E) of FIG. Zl.for resetting the UP counter 111l and



gquantity cal cul ating sections, 70 indicatesan odd-nunber sanple

synt hesi zi ng section, 71 indicates an even-nunber sanple synthesizing
section, 70A and 71A indicate registers, 70B and 71B indicate adders, 62c
i ndi cates a odd-nunber sequence synthesi zed synbol frequency conponent
data output termnal, and 62d is an ev&n-nunber sequence synthesized
synbol frequency conponent data output term nal. FIG 3 shows a bl ock
di agr am itheustergitsteyr d.0Drest itiging oHfthderdgenerated sebocknigd3 of the
present enbodinent. In the figure, reference nuneral 63a indicates a phase

control gengnated e irggistar kkdl NOI gakr chids a0 etRA- nunber
sequence synt hesi zed synbql freguency c onent data input. termnal, 63c

i ndi cat edTHRIIRE rﬁ}%)é%/s ShAEh h 'ze(ﬁh%?/nﬁb? ‘P‘t‘gﬁ‘b"én% ¥8nBbnent
data inp teryg nal,,~p3d indjcates regen (T Aol No) | .jermnal, 63e
i ndi cat eg: by @Toaqse%‘%ﬁjeadd? g%}ee ?‘f’afé%‘ﬁ _n‘(':ei“g% o'gifi n‘;g)%th?%%r’ﬂ'{_r:\al , 63f

| ndi cat e {dATS YN AHO USRI AL HIR AU LeRd SRimafige 1gigates a
burst gate I nput termnal, I ndi cates a frequency converting Section, 73
i ndi cat es'pr SHEW | thes WH st SECt (MEer 4td VAT ¥ B LSFEQ. | 21 potal

filtering. section, 75 indicates a phase difference cal cul ating section,
76 i ndi calismbd.es\adwitifriggquency conponent quantity
~ The output value ((F) of FIG. 21) of the adder 108 .

increases in the regenerated l6-times frequency clock period
such as 5, 10, 15 and so on by'an accumulating operation. At
the same time, the UP counter 111 performs up-count operétion
in the regenerated l6-times frequency clock such as 0, 1, 2,
3 gnd so on as shown in (H) of FIG. 21. When the output
value of the adder 108 reaches "35", fhe UP counter 111 is
_diéabled by the output of the comparator 110, holding count
value "6". The counter value "6" is latched in the register
‘115 by the regenerated clock to be outputted as a Q-value.

I#_thg present embodiment, A6,' is expressed in one of
32 values {0, 1, 2, eee , 31}. If the aboveQmentioned
calculation error is allowed, the linear conversion.of the
formula (16) is performed on the Q-value outputted from the
register 115 to obtain Q' = {0, 1, 2, +++ , 8}. The obtained
Q' is substituted in the formula (17) to obtain A6,'. The
processing according to the formula (17) is performed by the
adder 117 of FIG. 9. |

Q' = INT[(Q + 1)/2] ese (16)

Ae,' = MOD(Q' + D x 8, 32) eee (17)

where, MOD(A, B) denotes a remainder obtained by

dividing A by B.



cal cul ating section, 77 indicates a randomwal k filtering section, 63h

I ndi cates a timng phase difference data output termnal, 63i indicates a
synbol frequency conponent quantity output termnal, 63 indicates an UP
signal output termnal, and 63k Yndicazgs a DOWN signal output termnal.

FIG 4 is a block diagramillustrating a constitution of t he phase

control quantity determ ning section 65 in the present enbodi nent usi ng
t he random wal frof reiatengheceialemlitiomerdor,f itHeiphapesaldtaon 63. I n the
figure, reference nueral 65a indicates a synmbol frequency conponent
quant i t y nonnpdnessr gonyier tésh liltdipeaiforms fa aan-shimsan monuersier gnal

I nput termnal, 65c indicates a timng phase difference data I nput

t er i nal , SBoWn| ABi F&Cas 24n bUPUSisgaR afdnnw: dakad. FiEe 33hdFhawesthe pow
[ i t ] | 65f i . t tim trol .int |

STl | Ly S AR 5,2 RGP ES

81 i o t o g o ' Pl

el ecti nga ofEBurs8d' dhom Thel BRGIMER AN Rbratdi AR 2 o,

i ndi cat eseg Rl ¢hbGYi bnaBP'l of GAiIRh &Hd AIn-IIHEN Gonvird Adh OB

corrector, 85A indicates a clock base oscillation
FIG. 22 is performed. As shown in FIG. 23, the Q' on which
the non-linear cﬁnversion has been pe:formed shcﬁn'in FIG. 22
is nearer the primary Q'.

The following describes operations of the random walk
filtering section 77 of FIG. 3. The random walk filtering
section 77 operates in generally the same manner as the

'p;ior—art filtering section 13 for steady state of FIG. 55
does. A difference lies in that the filtering section 13 for
steady étate operates the UP/DOWN counter 42 by the LEAD

. signal while the random walk filtering section 77_operates
the UP/DOWN counter by the symbol orthogonal component signal
Sd;. o

In what follows, the operations of the random walk
filtering section 77 will be described with referenée to FIG.
7 in which components similar to those of FIG. 55 are denoted
by the same_reference numerals. In described above, whether
the clock phase is leading or lagging can be detected 5y
whether the symbol orthogonal component signal Sd, is
positive or negative. If the most significant bit for
indicating whether the symbol orthogonal signal Sdi entered
from the input terminal 77c is negative, it indicates that
the timing phase is lagging, so that the UP/DOWN counter 42

performs up counting. If the most significant bit is



frequency devi ati on neasuring section, 85B indicates an automatic
frequency control signal generating section, 659 indicates a phase control
data output term nal, 65h indicates a frequency deviation nmeasurenent

conpl ete signal output termnal, and gﬁ&_indicates a line disconnection
detect signal output termnal.. G 5 shows a bl ock di agram
illustrating a constitution of the time delay difference_cal_cul ating
section efoshtive, preindicekpsdthent thentdmdng ghrse isfdeéfdd@diudr al 67a

-52- indicates a phase control data in ut termnal, 67b.indic %P an AFC
UP si gnal thapythe YR RGN G?BnFﬁHi63t€§ fRTAE BEMN°°§P &Ang - |n% term nal ,

67d i ndi det d sel ect
P Squoncy R ddomy EREREES 38| REkrteohBinsi REerbi’ Khd en%%i%lna%ﬁ%ﬁ :

i ndi cat e i 86A d 86B
 ndi cat eS%*S%e“a%?ﬁ%@%%ﬁ??%%'egﬂagﬁés.ﬁ’ge%'r 3hg hb”ﬁk%akéé B e o oy

devi at i 0nr@g%,éﬁéﬁa’eeddaiacﬁeaemhgngréﬁcrthen n.ggﬁt itBegngakes 7ad.

serial -para converting section, 89 and

The Nx value outputted from the selector 40 shifted by
the bit shifter 41 by one bit to be 2Nx. . The comparator 43A
compares the output of the UP/DOWN counter 42 with 2Nx; if a
match is found, the comparator outputs an UP signal from the
output terminal 77e. The comparator 43B cbmpares the output
of the UP/DOWN counter 42 with "0"; if a match is found; the
comparator outputs a DOWN signal from the output terminal
77f. When the cléck phase control bf the UP signal or the
DOWN signal has been completed, a phase control complete
signal for indicating the completion of phase control is
entered from the input terminal 77b. Then, the UP/DOWN
coﬁnter 42 is reset to Nx.

The above-mentioned operations provide generally the-
same effectlas that provided by the prior-art filtering
section 13 of FIG. 65. Like the prior-art steady state
filtering section 13, the value of Nx may be altefed by the
selecfor 40 according to the frame synchronization signal.
Thus, timing phase difference.data A8,' are outputted from
the output terminal 63h of the filtering section 63, the
symbol frequency component quantity is outputted from the
output terminal 63i, the UP signal is outputted from the
output terminal 63j, and-the DOWN signal is oufputted from
the output terminal 63k. |

In what follows, operations of the phase control



I ndi cate averaging circuits, 91 indicates an adder, 92 indicates a tine
del ay setting signal output section, 67f indicates a first tine delay

setting signal output termnal, and 67g indicates a second tine del ay
setting signal output termnal. 4 G 6 shows a bl ock diagram
illustrating a constitution of the integralfiltering section 74 for use in
the filtering section 63 of FIG 3. |In the figure, reference nuneral 74a

i ndi cat esquanyity| detetwiping seapbonnbSswihll bengescribedi WALh 74p

i ndi cates a regenerated clock input term nal 74c inchatgs a s,gaol

i n- phase ZefexeRee £P ghLF- i Aput The cPhaRa| conkgolngrantddys ?§ﬁ5&¥ P8quency
conmponent quantit Lhput termpal, 74e indicates_a phase control conplete
signal i Yl?%r%$né?€e§%¥95ﬁ 3%EFVﬁ§it£T%ngd8§?§? g%A%gn§g97B i ndi cat e
mul tiplie d 9 i.ndjc [ 5.3 bad
seleptirméé%%%?g%ga'98ﬁﬁgggggtgéﬁg£§gn%g§%?%F? f?gagﬁﬁ?éngg gggg%gEPFﬁg
section, Jdf tiWiRg!sRad8 40ELErahed agthhReONAltiint Sy DUtréguahspl . and

74g indicates an ‘tntegrated in-phase data output termnal. G 7

shows a hteffonenyr qaantivg] rehénypastgnalt ahdothe DOWN signal. The
comparator 78A compares -the symbol frequency component
quantity coming from the input terminal.BSa with the
threshold valué'for recogniiing steady state. If the symbol
frequency component_quantity is found greater than the
threshold value for recognizing steady state, logic "1" is
outputted from the comparator 78A. The rising edge of this
output signal'seté the output of the register 80 to logic
."1;.

A frame synchronization signal (a UW detect signal)
coming from the input terminal 65b indicates logic "1" at
frame synchronization. Therefore, the AND gate 81 outputs
logic "1" when the éymbol frequency component quantity' |
presents a value greater than the threshold for recognizing
steady state and frame synchronization is established. At
this moment, transition from pull-in state to steady state is
‘determined. To implement the phase control quantity
determining section 65 without using the frame
synchronizaéion signél, the’ input terminal 65c maf only be
set logic "1" always. Thé output gate 81 of logic "O"
indicates pull-in state. In this case, the gate circuit 84
substitutes timing phase difference A8,' into the formula
(18) to generate phase control data PD. It should be noted

that A6,' indicates 5-bit data for' indicating one of values 0



-53- of the randomwalk filtering section 77 for use in the filtering
section of FIG 3. In the figure, the conponents simlar to those of FIG
55 are denoted by the sanme reference - nunerals. Reference nuneral 77a
indicates a franme synchronization signal input termnal, 77b indicates a
phase control conplete signal input téfmnal,. 77e indicates an UP signal
output termnal, and 77f indicates a DOM signal output term nal

FIG 8 sthmuugh [Bbck Alt achibsn mdmerst ;y athagtwo cpibeces uvf odataf combngynbol
frequency conponent quantity calculating section 76 for use in the
filterinfratthe UR/DOWN data |generrtingsectierc#3nare nigderedvyea

i ndi cates an integrated qrthqgonal dat% t termnal, 76b indicates an

Q I n
i nt egrated iﬂﬂﬁﬂh A i ﬁp 'tgphfnél,‘7 Ti ndicates a timng phase
di fference da in efm,nal,,, 1 a 10 hndj cat bsol ute val ue
converting se %Eéji 1%1&%13! & t'e%%g'_ crl%rrpaggt"or, 102_&%_ I cates a sel ecting
pection. 103 iMdlaAlfiy o NI L (18], PRY JRESLICHRBIGE Bt
frequency conponent antity output termhal. FIG 9 shows a bl ock

di agr am idddI S i By OB, buitptt pufl dd e seplddsr ait paalaal®l i ng
section 75 for use in the filtering section of FIG 3. In the figure,
referencgsymbols], "O" and "1" entered from the timing phase control

interval setting section 64 via the input terminal 65f to be
outputted from the gate circuit 84. The output pf‘the AND .
gate Bllof logic “i" indicates steady state. " At this momgnt,
the gate circuit 81 does not select the phase control data PD
obtained from the timing phase difference data A6,' com§5§ |
. from the input terminal 65c but obtains the phase contrgi
.data from the two pieces of data coming from the UP/DOWN data
generating section 83 to output the obtained phase control
data. | |
The comparator 78B compares the éymbol frequency -

component quéntity with the threshold value for recognizing
line disconnected state. If the symbol frequency component
quantity is found exceeding the threshold value for
recognizing line disconnected-state, the comparator output’
logic "O"; otherwise, the comparator outputs logic "1". The
AND gate 79 performs a logical AND operation between the
output of the_comparator 78B and the output of the register
80. Therefore, the output of the AND gate 79 is set to logic
"1" if the symbol frequency component quantity becomes
greater than the threshold value for recognizing steady state
'at least once and then smaller than the same. The output of

the AND gate 79 of logic "1" indicates that the line has been



nuneral 75a indicates an integral orthogonal data input termnal, 75b

I ndi cates an integral in-phase data input termnal, 75c indicates a

regenerated 16-tinmes frequency clock input termnal, 75d indicates a

regenerated clock input termnal, 104A4gand 104B indicate absol ute val ue

converters, 105, 108 and 117 indi cate adders, 109, 113, 115 and 118

I ndi cate reglsters 107 indicate a 4-bit shifter, 110

_54- | ndlsgernectefmarat or, 111 indicates an UP counter, 112 indicates

an inverter, 114 indicates, a gat e 6, indi ate - a phase -

non- | i near coﬁV%rYP%gpgﬁe?Foﬂngﬁh gate %%d%ﬁaﬁ%%g nt ggﬁhﬁgg %?Ference

dat a out iy I I I ting a
%é%% an AR c ub %1(1:? | 4Saf Rk@%ﬁkagggﬂéi Lomth

consti tUt I on base (o) atron f requency atlon asuri ng

section 8&%& %n@%t&néefcpbﬁé&uéﬂe}rebntﬂeﬁnéigaaﬂegeﬁ&atﬂﬁ section 65
of FIG 4. In the figure, reference nuneral 85a indicCates a regenerated

clock i npsdctic 5@ to SGbpubdthét £618cP8assignalsoasdahauPnpusigaali nal,

85c indicates a Af enable signal input termnal, 119 and 131
and a DOWN O signal. 1If the output of the AND gate 79 is
logic "O" indicating no line disconnection, the selector 82
selects fhe UP signal coming from the input .terminal 654 and
the DOWN signal coming from.the_inpqt tefminal 65e to output
the selected signals as the UP O signal and the DOWN O
signal. The UP/DOWN data genéra;ieg section 83 outputs "15"
as with the conventional case if,ﬁhe UP O signal for
instructing the leading of timin;iphase is entered or "17" as
wieh the conventional case if the DOWN O signal for
instructing the lagging of timing phese is entered.

The clock base 6scillation frequency deviation measuring
section 85A used the phase control data outputted from the
gate circuit 84 to calculate an average fluctuation of the.
phase control data caused by the difference between the clock
base oscillation frequency on the sending side and that on
the receiving side. This calculation is performed if the
comparator 78A outputs logic "l1" that indicates steady state.
When the average fluctuation has been obtained, the automatic
frequency control signal generating section 85B outputs the
AFC UP signal and the AFC DQWN signal for providing predicted
control state without causing the timing phase control to
efroneously operate if line disconnection takes place.

Thus using the symbol frequency cemponent quaﬁtitf; the

phase control quantity determining section 65 determines



I ndi cate adders, 120, 125 and 129 indicate registers, 121 indicates an UP
counter, 122 and 124 indicate conparators, 123 indicates an absol ute val ue
converting section, 126 indicates a divider, 128 indicates a bit shifter,
130 indicates a corrected data averaglgg circuit, 85d indicates a
frequency deviation corrected data outpuf termnal, and 85e indicates a
frequency devi ati on neasurenent conplete signal output termnal.

Oper at i onwhefthielre thies engirtentc ghate d ipullappyr attendy, drhdipresent

enbodi nent will be described. First, an overall operation wll be

descri beddisiceaneetesh stahe .ondin dihﬂalmlt]riftcﬁ#ﬁ}?ﬁrca’ih%mfhﬁﬁfhmwo¥ he

detecting section 2A detects a carrier signal entered fro t he antenna 1A
and passe@ueRtdityh de ﬁ%ﬁ“‘c’é‘rl% %ﬁﬁﬁiﬁn Srasasdds rpt?rﬁ.%e si gnal .

he d
lnfenngtiéag%% S%%%% é&bheg%i1 rp é%%LFén%Q§h g?%%bandgéggéﬁ I on phase
si gnal . géag,d B e P ghadd B A GAN R begeen the

detecting sectlon
canceled, thereby enabling a high-~speed pull-in operation.

In the steady state, the phase control quéntity determining
section uses value "15" for leading the. timing phase
generated by the UP signal and value "17" for lagging the
timing phase generated by the'DOWN signal to’ perform phase
control, thereby reducing the jitter of the clock phase. In
the line disqéﬁhected state, the phase control quantity
determining séétion 65 uses "15" for leading the'timing phaSe
generated by the AFC UP signal and "17" for lagging the
timing phase generated by-fhe AFC DOWN signal to perform
predicted control of phase.

Setting the threshold.v5lue for redognizing steady state
in the phase control quantity determining section 65 to a
value greater than a maximum value of the symbol frequency
component quantity allows to always use the timing phase
difference data A®,' as the phase control data. In this
case, both high-speed pull-in operation and a low jitte; can
be realized. However, as ranges of integrated in-phase data, -
integrated orthogonal data;:and symbol frequency component
quantity, a range in which the operation of the integral
.filtering'section 74 gets stabilized and each of these data
converge to a certain value is used, so that a lot of bits
are required to represent these ranges. This makes largef

the circuit scales of the integral filtering section 74, the



the detecting section 2B be a 6/32-synbol tinme as showmn in FIG 11. It
shoul d be noted that each baseband reception phase signal is obtained, as
with the conventional exanple of FIG 58, by performing [err]/4 shift QPSK
nodul ation on a data pattern that rep s "00" and "10". The time
del ay sections 60A and 60B are each corfposed of 1 to nx shift registers to
sanpl e the baseband reception signals comng fromthe detecting sections
2A and 2BpbAsandiffaednos- tabeulatingnsgctionk78yf &ndi thel gymbkeller than the
synbol frequency. The sanpled data are entered in the shift registers to
be out put frequend®| a9epongnt hguenhbtygoelandatingoseatiaonibr 1inf thei f t

regi sters_that the data_ have passed.: me del ay has been_cal cul at ed,

d When ti
the time el t§ringt F8REL0B0A3 andOBoEh@ehheE: hand., nEiReR ShesHPr 8i08G st er s
to 1 to nk .regis according to the val ues_of ti delay _setti
SPgnal o (P SRR BEERRE A Serifrsd NS nBke; ERacFRPdPE VIRl at ea.
t he nunb LEt ksle ' t the time delay settin
circuit g%%?g??ggﬁoﬁé§ﬁgé%iZZdbﬁ§§§%ﬁean§§é%ﬁgég§°cIock, t he rerationsh?p
between tine dehavhEst&hs8, th@Nghaséeebht28l &ligntit{t deegkmigingount

setting value n[err] is expressed in the follow ng equat.i on: _ merr]

= tlerr] secxid? 65 (i%/ @pnstituted.asi4shown inTREGSsaBPL i nAssehbwandin3A and

3B oversanple the nx-tine LT
the figure, the selecto: 82 is not required any more and the
AFC UP signal is replaced with the UP O signal and the AFC
DOWN signal-is replaced with the DOWN O signal. Also as
shown in FIG. 37, one of the outputs of the AND gate 79 is
entered with the-output of the AND gate 81 instead of the
output of the register 80. For the select signal of the gate
circuit 84, the output of the AND gate 79 is entered.
Therefore, if the output of the AND gate 79 is logic “i",
which indicates that the line has been disconnected, the gate
circuit 84 outputs the output of the UP/DOWN data generating
section 83 or the timing phase difference data Ae@,' if the
output of the AND_gaté 79 is logic "O".

As described above, the gate circuit 84 latches the

phase control data PD by the A8, output pulse that fepeats
"0" and "1" in period T, [symbols] to output the latched data
PD. Namely, the timing pﬁase control is performed in period
T. [symbols]. Therefore, the characteristics of the timing
recovery section 5A follow period T, [symbols]. If period T,
(symbols] is shortened, timing phase-confrol is performed
more frequently, so that timing phase pull-in characteristic

is enhanced but at the cost of the jitter amount in steady

state. On the other hand, if period T, [symbols] is made



asynchronous data outputted fromthe tinme delay sections 60A and 60B at a

frequency four tines as high as the synbol frequency to generate baseband

recepti on phase data. Resolution of the generated baseband reception phase
data is 5 bits like that of the basengﬂd recepti on phase data used in the
conventional apparatus.. The selective synthetic

-56- diversity section 61 sel ects baseband reception phase-data out putted
from t he longe.nFisdang @hase somdyadorde REFFATREAE oln thelengex ¥ ML sect i on

2A or 2B that outputted a higher, received signal, power._ In additjon, the

sel ecti vénd@FvRdyi S0 Fhak &he) Jddden Ameundy dit e, SeREY SHR%e i 1R cates
the selected nch as sel egti i,agnal . .The tin r e
section §Eq§'§’§? ?’r\% t?}se a:osﬁ:e %tqseof%rﬂﬁa%aetediatta”@ur}%Lépté;%f 1%%1/7[%%
selectiv A ' ' Ccti o] f 1] e tion.
The Ct1 mepatBctEnGyid Hlcahish, T EolbGEsy 0 LRAR AhMbbedbld clataRer | O
such t halpddig-sS &tD Itheg 19N tadeRst 3 naip|phdde pllasehand Hewed) | on

phase data at a Nyquist point position. Further, the timng recovery

section 3A ghecraises where the random walk filtering section 77 is not
used, the timing phase control interval setting section 64 is
operated as follows to further enhance the characteristics of
the timing recovery section 5A.

Namely, for the A6, output pulse coming from the timing
phase control intervallsetting section 64, the Ae, output
pulse for pull-in of short period T, [symbols] and the A6,
ou#put pulse for steady state of long period T,, [symbols]
are prepared. If the output of the ANﬁ gate 81 indicates
pull-in at logic "0", the timing phase control interval
setting section 64 outputs the A8, pulse for pull-in; if the
output of the AND gate 81 indicates steady state at logic
"1", the interval setting section 64 outputs the A6, output.
pulée for éteady state. In this constitution, the.high-speed
prhase pull-in characteristic and the 1oﬁ—jitter
characteristic are enhanced further.

If the difference between the clock base oscillation
frequencies on the sending side and the receiving side is
small and the_deviation of timing phase due to the deviation
of timing phase due to the,clock basé oscillation frequéncy
deviation caﬁsed by line disconnection or during no-éignal
time is_at'a level not affecting bit error rate
characteristic, the clock base oscillation frequency

deviation meaSuring section 85A and the automatic frequency



regenerated clock for extracting Nyquist point data fromthe baseband
recepti on phase data outputted fromthe selective synthetic diversity
section 61. In addition, the timng recovery section 5A cal culates the
signal delay tinme difference between the detecting sections 2A and 2B-to
output the tine delay setting signal§8?1[err] and t2[err] for absorbing
the delay tine difference. In the above-nentioned exanple, the delay

time di Hopitarne digjnae pdiriR)eEs idRs it theqeipeal s In thes gsesting
section 2A and the detecting section 2B is 6/32-synbol tine, so that, if

tllerr] £ ThendNIP[gatds 7B mrtepumt]mgitced’l't hindibtaying nkinef f erence is
absorbed. Nanely, if tl[err] = -3, the tine delay section 2A sets the
nunber oﬁxﬁmqnnthﬂpnn(ﬂhﬁéﬁﬁ&ﬁQﬁQE;&Q)QuﬂPutﬁrﬁ#%ﬁQGW the lUPHAt the del ay
time (nx/2n Xx synbol tinme) derived fromthe initial nunber of Shl{t

regi st er $igped £o ing mhasy Feading neF Hghe DOWN O signa

e e R A S e oL 0%
timing phase deviation due to the clock base oscillation
frequency deviation caused by line disconnection.’or during
no-signal time affects the bit error réte characteristic,
then the clock base oscillation frequency deviation measuring
section 85A and the automatic frequency control signal
generating section 85B are required.

In what follows, operations of the clock base
oscillation frequency deviation measuring seétion 85A will be
described with reference to FIG. 10. The subtractor 131
subtracts "16" from the phase control data PD entered from
the input terminal 85b. The output of the subtractor 131 is
accumulated by the éccumulator composed of the adder 1i9 and
the register 120. The accumulating operation is performed in
the steady state in which the jitter in the phase control |
data indicated by the output of the comparatér 122 is low.

If the'clock base oscillation frequency deviation is "0" as
shown in (a) of FIG. 24, the output of the adder 119 jitters
around "0O".

If the clock base'osciilation frequency on the receiving
side is lower than that of the sending side, the regenerated
clock phase is delayed for timing phase following.

Therefore, for the phaselcontrol, a value over "17" occurs
more often than a value below "15". As a result, the output

 of ‘the adder 119 increases while jittering as shown in (b) of



the tine delay sections 60A and 60B equal to -6/32 synbol. As a result, as
showmn in FIG 11, the difference between the delay tine of the signal that
passed the detecting section 2A and the tinme delay section 60A and the
delay tinme of the signal that passed t@p detectlng section 2A and the tine
del ay section 60B becones 6/32 - 6/32 = 0. Like the Nyquist point
extracting section in the conventional apparatus, the_ _Nyquist point
extracti L@ect4on Gonyergely, Nf§urbe gépek PageaoFEdhlakdopa §EBaNencY

ecepts ST Phgse SeLe LBUISE Lo ghie BPLscthss, TS Landlrgl sl
L SRR By R, 1,

detect ”gpl'héé'&té&'i‘tﬁgl aatalhe ohpse daisq! "3g7SBELLY fidrdf o'fltg’n Enahhe

recei ved phase data entered e input terminal 62a are re-tined by

the reger@r@émle%@élfumwf r eggeac¥eSL0EK €RBI BRtphtoBE! RRer 800SEFCNI968A,
68B, 68C, 68D, and the input term nal 62D. The subtractor 68E subtracts

t he i nputdedredses eghtler jittédringnashshowhpih ¢&)t b€ FEG.sRdr 68A to
output one sanple differential data sequence. The subtractor 68F subtracts
the inputerpoxal flyctuatign ofreutput thepoutpti ABopsgpst Ehessddero

out put three sanple differentjal data_seguence.
119 is proportional to the clock frequency deviation -

quantity.

Therefore, the clock frequency dewviatiorn measuring'
section 85A checks to see if control in positive direction or
negative direction for one step (in this case one step = n/16
radian) of AD,, occurs in how much symbol time (TS symbol).
At the tiﬁe of line disconnedtion, the selector 82 outputs
the AFC DOWN signal and the AFC UP signal coming from the
automatic'frequehcy_control signal generating section 85B.
The control in the positive direction or the negative
direction-is performed in the TS symbol period. As shown in
(c) of FIG. 24, the symbol time TS, required for the control
for one step is: | |

TS, = t,/AD_,, see (19)

where, the unit of t, is [symbols].

In ﬁhat follows, an operation for obtaining the symbol
time TS, according to the fofmula (19) will be described.
Time t, is obtained from a valué of the UP counter 121 that
up-counts by the regenerated clock entered in the input
terminal 85a. AD,,, is converted by the absolute value
converter 123 into an absolute value to be compared by the

comparator 124 with the oﬁtput of the register 125. A valué



The subtractor 68G subtracts the input of the register 68A fromthe output
of the register 68B to output two sanple differential data sequence. The
subtractor 68H subtracts the input of the register 68A fromthe out put of
the register 68D : _ad_ -58- to output four
sanple differential data sequence. The %%e sanple differential data
sequence, two sanple differential ‘data sequence, three sanple differential
dat a sequfound gmeatkaudssamtpetdetf Erom thie dompagatheand2darte dsverted by
the phase jitter quantity calculating sections 69A through 69D

respect i veF§tiant §o fhenregisdest 128e r &be vVadushaudnukted & r%\?’éﬁ)r s

ted al th t f tial dat
Ceauence SPEPRPSFeE, 14,16 AaamaR, FAL0s °§[§P°ﬁ%m° Ry
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2[err]: of i Ee”]rheretf&%”]abs shown in. (c) @ Fxld 24 erite afhRy r] or

2[err], then Y[err] i's obtained fromthe foll'owing: Y[ err] = 2[err] -

| X[ te_r rll outph€ted fromFane ebmpasaRbase2di ineredswy Ig‘:}&diﬁ]ﬂl# ating
sectl ons

The bit shifter 128 outputs "1" when the operation
starts and multiplies this value by 2 to a power every time
the output from the comparator 127 rises. Let the number of
rising edges of the output of the comparator ‘127 be RN, then
oﬁtput value BS,,, of the bit shifter 128 is as follows: .

BS,,. = 2% | vee (20)
The comparator 127 compafes BS,. and the output of the -
comparator 124. If the output of the comparator 124 is found
greater than BS_,, the comparator 127 outputs a logic "1°".
Therefore, the output of the comparator 127 goes logic "1"
momentarily. The divider 126 divides the output of the ﬁP
counter by the output of the bit shifter 128. Since the |
output of the bit shifter is 2 to a power, the division can
be realized simply. The register 129 latches the result of .
the division by the divider 126 at the rising of the output
of the comparator 127. Thus,. the symbol time_TS required for
the control for one step can be'obtained.

Further, upon detection that the output of the UP
counter 121 is found greater than the-threshold_value for
frequency deviation measurement, the comparator 122 outputs
logic "1". When the output of the comparator 122 becomes
logic "1", the outputs of the registers 120 and 125, the UP

counter 121, and the bit shifter 128 are all reset to "O0".



69A through 69D is inplenmented by a sinple circuit conposed of exclusive
OR gates, a conparator and adders as shown in FIG 12. |f the nunber of
bits of each sanple differential data sequence is 4, then each of the
phase jitter quantity calculating seczéins 69A through 69D perforns
conversion processing according to the™tonversion rule as shown in FIG
13 to output each phase jitter data sequence. The phase jitter data

sequence RHtehét samér efmbhetnBasatpiitt { ¥5)qvENthey reglisteat 129 3ecti on 69C
in which the two sanple differential data sequence is entered is del ayed
by the regptored7inbyhe torreectadvdbhtat averagéngaspiccuit B30 adddédieby t he
adder 71B to the phase jitter data sequence outputted fromthe phase
jitter queheing efl theapntipuseefi the GgmpaﬁaﬁﬁFcEZ?he FB&rC§EFGP§ data
differential data seguen -59-

ent er ed. 4¥@F?%§ﬂ9tcb?cPﬁFsléﬂdPYFBﬁgF§ 3§tquPe8dPF5ﬁPPheth8utput t ermi nal
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cal cul at i Qgynificant bit of the adder 119 that indicates whether the
clock frequency deviation is positive or negative, averaging
the captured most significant bit. When the averaging is
complete, the corrected data averaging circuit. 130 outputs a
frequency deviation measurement complete sigﬁal from the
output terminal 85e. The circuit 130 also outputs the
average value of the TS with an averaged s{éﬁ signal attached
to the mbst significant bit from the output#terminal 854 as
frequency deviation corrected data.

The following describes the above-mentioned operations

by using an example in which the output values of the adder -
119 are averaged in a jittering manner to be reduced to two
symbols by one step as shown in FIG. 25. At this moment, the
thieshold for frequency deviation measurement of "35" is
assumed. (D), (E), and (F) of FIG. 25 show output value BS_,,
of the bit shifter 128, the output of the comparator 127,_and
the output TS of the register 129 respectively. Therefore,
value (28/16) is captured in the corrected data averaging
circuit 130 at the rising of the output of the comparator 122
shown in (G) of FIG. 25. Thus, the phase control data
outputted from the phase control quantity determining section
65 is entered in the phase control section 66. The phase
control section 66 operates in generally the same manner as

the conventional case to control the regenerated clock'phase



section 69A in which the one sanple differential data sequence is entered
is delayed by the register. 70A by a time equivalent to one sanple to be
added by the adder 70B to the phase jitter data sequence outputted from
the phase jitter quantity calculating gection 69B in which the three
sanple differential data sequence is efitered. The result of this

addition is outputted fromthe output termnal 62c as odd-nunber sequence
synt hesi zaddsyhkorefenguated quagouphe freguency clotkephakkeosuch dbsedri bes
a sequence of operations that take place in the phase detecting section 62
wi th ref ethactiming phase differenpe becomes papﬁ§d@fuPPBS°°mP g%dons show

the received phase data having a random pattern d by %err]/4 QPSK.
Tiny circPEstha FP@ﬁr?&'iﬂHFngﬁ the Bhe SSHBFE @tPe §dHBRAred

The sanpi ed darbe; ¥oliSifeg dgSchThde oPErakEGHs ke iﬂ' C?Ek“%gd?a%?ﬁgaiﬁaﬂ
of FIG &?ffef%ﬁ?? BQlEHQ?ESﬁg ¥§gt98ﬂ567dat?i§§@““pbﬁn6ﬁbl@§ BeG 15,

t he one sanple erenti a a sequence, the two sanple “differential
data seq fatibf Wleepsageberdbédcr erhéatimdaialaguascerenad t he four

sanple difterential data sequence are obtained in a range (6 bits) of -31
to 31 as cabenlabifh) sethiongb7 (3 appFi&d dben the selective |
synthetic diversity section 61 is used as with the present
embodiment. Let a delay time difference obtained by
subtracting signal delay time T,, in the detecting section 2B
from signal delay time Tn in the detecting section 2A be ¥,
then the Nyquist point 1s deviated by t time every time
Jbranch switching takes place. Consequently, the phase of the
regenerated clock outputted from the timing recovery section
5A is controlled such that a phase difference equivalent to
the delay time difference T, namely 2n x (f/T) [radian] is
~set to "0" every time-branch switching takes place.

The time delay difference calculating section 67 obtains‘
the delay time difference t by using the phase contiol data
outputted from the phase control quantity determining section
65; If the timing phase difference is "Q", average value
"16" is outputted as the phase control data PD. For example,
when the branch has been switched from 1 to 2 and the Nyquist
point is led by 2B x (t/T) -[radian], phase control works such

'that the timing phaee is led. Namely, a value smaller than
"16" is outputted as the phase control data PD until the |
timing phase difference becomes "0" again. When the branch
has been switched from 2 to 1 and the Nyquist point is

delayed by 2n x (t/T) [radian], phase control works such that



Phase jitter data with x=6 substituted in relations (5) and (6) are
obt ai ned as shown in (F) through (I) of FIG 15.

-60- (Odd-nunber sequence synthesized synbol frequency conponent data are
obt ai ned by del ayi ng by one sanpl e theéﬁpase jitter data sequence based on

the one sanple differential data sequétCe and adding the result to the

phase jitter data sequence based on the three sanple differential data
sequence tis thmimg i phéde D delayedd. RaRelp)nbevalagugpeateynthaesi zed

synbol frequency conponent data are obtained by delaying by two sanple the
phase jittks" dbs costputbed assthe gphase contreinpgatadPPf unsnli ghedat a
sequence and adding the result to the phase jitter data sequence based on
the four Ehmne rhrse differencatbecenesntl” a3gahbnn FANERIUBATEY G ths.
of FIG PLRY Eims ThEretenst it 18 aanERBErdsiiuthectopRites 280 synbol
even- nunit SBaucht o8 FrEtr 8y o 8Y) Srrikta gy 2Hsafenvhrld: 822880 1 0°
(K) of Fl&acdmulatddvaPid SLONCRE LRV mt Nwhen branch z is selected
and the unit of t is nrn/16 [radian] in the present embodiﬁent.
| T = M(PD -~ 16) - M,(PD - 16) see (21)
The following describes operations of the time delay
difference calculating section 67 with reference to FIG. 5.
As mentioned above, if the timing phase difference is “05,
thé?éverage value of "16" is outbutted as the phase control
'daéé PD from the input terminal 67a. If the c;ock base
oscillation frequency sent or received has a deviation,'the
avérage of PD deviates from "16", so that the delay time
difference t cannot be calculated normally. For this.reason,
the AFC UP signal and the AFC DOWN signal outputted from the
automatic frequency control signal generating section 858 and
the frequency deviation measurement complete signal outputted
from the clock base oscillation frequehcy deviation measuring
section 85A are entered in the frequency deviation eliminated
data generating section 87 from the input terminals 67b, 67c,
and 67e respectively. The frequenéy deviation eliminated
data generating section 87 subtracts the output of the
frequency deviation eliminated data generating section 87
.from the phase control data to obtain a signal that ohtputs
"0" on average without being affected by the clock base

oscillation frequency deviation.

The above-mentioned operations will be described in more



FIG 16 includes a synbol frequency conponent as shown in a solid line. As
showmn in FIG 16, the synbol frequency conponent included in the

odd- nunber sequence synthesized synbol frequency conponent data is |agging
behi nd the synbol frequency conponent jncluded in the odd-nunber sequence
synt hesi zed synbol frequency conponentqﬁata by [err]/4 radi an. Thus,
-the phase detecting section 62 outputs the two data sequence including the

two synbadefd£0ENTHe COFGRIEIEY  devibdtion éhembddtedndatasganenatiagnbol
frequency conponent data and the even-nunber sequence synbol frequency

conponentsecietan 87 stacts ¢peramﬁmbtWhmnthbepﬁasqueecrcdewga§éenion 62
may use the phase jitter data sequence based on th

-61- sarfpaswyrenent eemplete aswmkre@mwgtﬁﬁmﬁh‘a%e }PPPErtﬁﬁi"énal-equence

based on fhe four sanple dlfferent al dat uence he even-nunber
sequence é@%t+ﬁ§+9% YWH%I COMRLR g ﬁ?cﬁa?ﬁvifiigﬁnse t he phase
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the clock phase by the AFC UP signal is entered, the
frequency deviation eliminated data generating section 87
outputs "15". Conversely, if an instruction for delaying the
clock phase by the AFC DOWN signal is entered, the frequency
deviation eliminated data generating section 87 outputs "17".
In other cases, the section 87 outputs "16". The subtractor
86A subtracts the output of the frequency deviation
eliminated data generating’séction 87 from the phase control
data. |

If the base oscillation frequency on the sending side is
higher than that of the receiving side, phase control is
performed to delay the timing phase, so that the averége of
the phase control data with a jitter indicates a wvalue higher
than "16". 1In this case, the AFC DOWN signal is entered to.
instruct the delaying of the timing phase. Therefore, "17"
is periodically outputted among "16" from the frequency
deviation eliminated data generating section 87. If the
automatic frequency control signal generating section 85B
operates normally, the average value of the output of the
frequency deviation eliminated data generating section 87
matches the average value of the phase control data.
Consequently, the value obtained by subtracting by the
subtractor 86A the AFC DOWN signal from the phase control

data jitters around "O".



based on the three sanple differential data sequence as the even-nunber
sequence synt hesi zed synbol frequency conponent. data. The foll ow ng
descri bes operations of the filtering section 63. The filtering section 63
of FIG 3 obtains a conplex direct cnn%?wn conponent . DC by nul tiplying, as
shown in the following fornmulas (7) and (8), even-nunber sequence

synt hesi zed synbol frequency conponent data DE[err] (i being the nunber of
sanpl es) coni nkf fthen base i opoiliatidonafrégbenay OodﬁhﬁuﬁbediQGqsédeeiS

synt hesi zed synbol frequency conponent data DJferr] (i being the nunber of
sanpl es) kQWﬁ?mF##QwﬁEﬁ@ of ngbe ?%@ﬂ%ﬁ&ﬂg6§édﬁy EBﬁﬁPe?o§§ﬁﬁgllﬁrequency

3323?33?2%%952 Srlr boecEiion PheRg. (Ae BRSE 0PI FPRERGR Pfoquency

by the fred A %gno{,i “aaéscvl%eﬁ éwgfegerf kgaiha@seohe%a 'aaduaae de

synbol fréequ enot es unber

sanpl es, xgla'ia/--themumfé eéséegeﬁsrﬂiveduﬁl QEbﬁalCQE‘ Batbram FtBe i nput
terninal 63d = DE[err]| x cos(2[erfr]fierr](T[err]/4) -

[err]/4) instruct the &&}&h¢ing 6esether timiagr phakeir] fhgrefore, "15" (7)

InfDC} = DE[err] x sin(2[err]flerr](T[err]/4) - [err]/4)

D err] Xsipfisdicakly]|édfputied)among "16". £rop8khe frequency
deviation eliminated data generating section 87. If the
automatic frequency control signal generating section BSB.
operates normally, the average value of the output of the
frequency deviation eliminated data generating section 87
matches the average value of the phase control data.
Copsequently; the value obtained by subtracting by the
subtractor 86A the AFC UP signal from the phase control data
also jitters around "O".

As mentioned above, the subtractor 86A outputs the

- signal that jitters around "0" without being affected by
clock base oscillation frequency deviation. If the delay |
time difference t occurs and branch switching takes place, a
change occurs in the output of the subtractor 86A. Namely,
when the branch has been switched from 1 to 2 and the Nyquist
point leads by 2rn x (t/T) [radian], phase control works to
lead the timing phase, so that the subtractor 86A temporarily
outputs a negative value until the timing.phase difference
becomes "0". When the brénch has been switched from 2 to 1
apd the Nyquist point lags by 2rn x (t/T) [radian], phase
control works to delay the timing phase , so that the

subtractor 86A temporarily outputs a positive value until the

timing phase difference becomes "0".



-62- In this case, the nmultiplying processing is sinple because, for
I ={0, 1, 2, 3, 4, 5 ...}, cos2[err]f[err](T[err]/4) takes values of {1,
0O, -1, 0, 1, ...}, cos(2[err]f[err](T[err]/4) - [err]/4) takes values of
(1/2[err], 1/2[err], -1/2[err], -1/ 2[err], 1/ 2[err], ...},
sin2[err]fl[err](T[err]/4) takes vaIues‘@Q‘{O, 1, 0, -1, 0 ...}, and
sin(2[err]f[err](T[err]/4) - [err]/4) takes values of (-1/2[err], 1/2[err],
-1/ 2[err], - 1lpRkeblukputlog] @hel subtkactor 86AN4S adeumileted By aMeverting

section 72 frequency-converts the synbol frequency conponent included in
t he even- pdghetesecqgbenandsyhehadderd8$BiboBaked]oanay detenytede Helerita and
t he odd- nunber sequence synthesized synbol frequency conponent: data into
a DC conpshgnal comispgofirdmbshendnput: kermdmal 67d.ofthehe even- nunber and

odd- nunber sequence_synt hesi zed synbol_ frequency conpgonent_ data may be
used. | n $@Fiataparaipelsegprester; B8updvides thguresuld o e The

mbol hesi zi ion_73 hes he...i 0= ph
In0 Che CRERGBBTAr LoBn BB PP HR A BP0 Folte SO BR A BBt o pt
component o LBed"ha QEquHBEEtéé”%iﬁe( §02 WRenSHHEAch 120 i@“g%ﬁtectéé%.

synt hesi ze
The averaging circuit 89 averages'the_accumulated value SUl

and the averaging circuit 90 averages the accumulated valﬁém?
SU2. The subtractor 91 subtracts the output of the averaging
circuit 89 from the output of the averaging circuit 90 to
obtain the delay:time difference t. The averaging circuits
89 and 90 start operating when the frequency deviation
measurement complete éignal ihdicatés the completion of
measurement. When the averaging has been performed
sufficiently, the circuits 89 and 90 each output a signal
that indicates the completion of averaging along with the
average value.. The time delay setting 6utput section 67
obtaiﬁs tl, and t2; from the delay time difference <t
according to formulas (22) and (23) whgn the signal
indicating the completion of averaging has been outputted
from both the averaging circuits 89 and 90.

t1,

INT[r/2] eee (22)

t2, INT[rn/2] - < ees (23)
where INT[A} denotes the integer part of A.
FIG. 26 shows an example in which v = 3[{n/16 radian] is
occurring. (A) in FIG. 26 indicates the phase control data
entered from the input terminal 67a. In this example, the

phase control data coming from the input terminal 67a are

initially obtained from the data coming from branch 1. Since



signals as a synbol in-phase conponent signal and a synbol orthogonal
conponent signal outputted in one synbol period. Aver agi ng the val ues
of the synbol.in-phase conponent signal Cd[err] (i being the nunber of
sanpl es) and the synbol orthogonal conponent signal Sd[err] (i being the
nunber of = sanples) obtains a timng piaSe difference. The integral
filtering section 74 averages the values of the synbol i n-phase conponent
signal Cdfres rjasedosBe15a806h PréfRans oncenposendinggsatieSdkehighby
performng L synbol integration on

- 63- t hehaml tisst agn sthenreceivibng cshdéa 97" bisooutputdrdnpbethe
bt ai ni ng an arctangent of the average val ue, the phase di fference

cal cul at iphpseceorbrel dakaoneze nthani N5 phbEeonedeVeEYefc EYPRPLE. SO
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although involving a jitter. It is assumed that, at time TA,

the branch used is switched from branch 1 to~branch 2.
Immediately after the switching, the Nyquist point lags by r'
= 3[n/16 radian]. Consequently, the timing recovery section
5A performs control such that the timing phasé difference
minusl3[n/16 radian] bécomes "0" from the time TA. As a
result, a value (16.67) greater than "16" on average is
outputted from:the time TA to time TB at which the timing
phase difference becomes "0", as the phase control data as
shown in (A) of FIG. 26.

From the time TB to time TC at which the branch is
switchéd from 2 to 1, the phase control data are outputted 
with "17" outputted more than "15" by one every 6 symbols
again (the average value 16.17). At the time TC, the NYqﬁist
point leads by v = 3[n/16 fadian]. Because the timing
recovery section performs control such that thé timing phase
difference 3[n/16 radian] becomes "0" from the time TC, a
value (éverage value 15.67) smaller than "16" on average is
‘outputted as the phase control dafa from the time TC to time
TD at which thé timing phase.difference becomes "O" as shown
in (A) of.FIG. 26. Subsequent to the time TD, "17" is
outputtéd more than "15" by one every 6 symbols again (the
average. value 16.17).

Because the phase control data are affected by clock



timng phase is |l eading. Hence, the randomwalk filtering section 77 uses
a sign bit of the synbol orthogonal conponent signal Sd[err] to control

cl ock phase, thereby inplenenting a timng phase follow ng operation.
Waveforns (B) and (C) of FIG 17 for ﬁgﬁﬂple i ndi cate the operations of
the frequency converting section 72 amdthe synbol synthesizing section 73
when there is a timng phase difference of 15[ err]/8 radian (the timng
phase is baggiogribbationnfraqiéncyfdévatidn av¥amentioned abGye,and (H) of
FIG 17 indicate the synbol in-phase conponent signal Cd[err] and the
synbol orl+syel wnﬁﬁbnemlsestgahld@ﬂﬁzﬁrFheFﬁimsngpphéﬁﬁyeﬁﬁrﬁe§cr|ptlon
FIG 17 shows the case in which the frequency convertlng section, 7

oper at es $¥Mbeks r&Ft¢M¢EHHt%%n%%rt%%qﬁ@ﬁc@°@§n§ﬁ€§?ieﬂss he¥R ipedfdncy
conponent fr, t th
Che’ oymbatt Hignae. cofoa %gﬂs%na? Lot B otk GRAR: BESkepse hbve val o

and th :
5, V0Bl SLGRCERLy SAPRSEES, BB o Wgioe rcon
COS(|5[Eféiééalsé§(§ﬁ$ﬁﬂriﬁ8eg)OOQZFIQ;Bﬁs. Consequently, "17" is

periodically outputted from the frequency deviation

eliminated data generating section 87 among "16" as shown in
(D) of FIG. 26. The subtractor 86A subtracts the output of
the frequency deviation eliminated data genefating seotion 87
shown in (D) of FIG. 26 from the phase control data shoun in
(A) of FIG. 26 to output data shown in (E) of FIG. 26
Therefore, as shown in (F) of FIG. 26, the output of ‘the
adder 86B is a value obtained by accumulatlng the data ehown
in (E) of FIG. 26.
The data shown in (F) of FiG. 26 are affected by the

- delay time difference t = 3[rn/16 radian], so that the output
shown in (F) of FIG. 26 with branch 2 selected are greater'
than the data shown in (F) with branch 1 selected. The
averaging circuit 89 captures the output "0" of (F) of FIG.
26 immediately before switching from branch 1 to branch 2.
The averaging circuit 90 captures the output "3" shown in (F)
of FIG. 26 immediately before switching from branch 2 to
branch 1. The averaging circuits 89 and 90 thus capture
plural pieces of data to output an average value thereof.

In the above-mentioned example, the output of the

averaging circuit 89 indicatee approximate "0" while the
output of the averaging circuit 90 indicates approximate "3".

Consequently, the subtractor 91 subtracts the output of the



- 64- The follow ng descri bes operations of the integral filtering

section 74. At initial pull-in by power-on operation for exanple, the
synbol frequency conponent quantity takes a value | ower than a threshold
for infinite | npul se response switchigg. In the integral filtering
section 74 of FIG 6, the synbol orthogOnal conponent signal entered from

the input termnal 74a is accunul ated by the adder 94A and the register
96A. Li kewezegingeciyrcidit 89i frpimatbec omtpudnofsithaakaveragiog cimauiie

input termnal 74c is accunul ated by the adder 94B and the register 96B.
At thi s9RolenPutprE whet delayr igpaddfdereBchut Fpl'y the athd€ of the

| st 96A and 96B b Lvely. h Jt, I f th
ndder o4neRangIey ERE) RBnTEIEY SBEIN0 FAARRtaPuFRRtas ETias Shad
th | data, f d 9 [ t Rt th
output | PUPRCAEN IR TS Phinsbart Perpiied” 4220 4Rl § a8 B Beta T 0o
and integgahgd ith; Phapead@t ez, the 5 H0le linBGHANGY tHe WA teguant i ty

cal cul ating section 76 of FIG 3 cal cul ates a synbol frequency conponent
quantity. aébeasyshol substdtatangt @poasdt t2U Ptdinedy bys v atingsd fromthe

i ntegrated orthogonal data QS and the integrated in-phase data IS from

the fornubelefy &28tibgl signal output section 92 into ti of the formula
(5) can obtain the number of shift register stages ml; and
m2, that constitute the time delay sgcfions 60A and 60B. The
ml, and m2; each correspond to m; in the formula (5). Thus,
the number of stages of each shift;fegister is set to a
desired value, the difference béﬁﬁéen the signal delay time.
in'fhe detecting section 2A and %ﬁat in the detecting section-
2B is eliminated. Thus, in this ekample, the difference
. between the signal delay time in the detecting section 2A and
that in the detecting section 2B that occurs with use of
select~after-detect diversity is eliminated. This realizes a
diversity receiving apparatus that can prevent bit error |
characteristic and synchronization chQracteristic from being
deteriorated due to delay.time difference. In addition to
calculating the delay time difference as mentioned above, the
timing recovery section 5A pfovides a fqllowing-advantage.
The phase detecting section 62 in the-timing recovery section
5A can efficientiy extract.the symbol frequency component
from the baseband reception phase'dafa regardless_whéther the
inpnt signal is of random pattern or preamble pattern. The
filtering éection 63 filters the symbol frequency component
‘coming from the phase detecting section 62 through an

integral filter to calculate a timing phase difference and a



SV = (QS[err] + 1Serr])[err] ... (10) - Consequently, if a
direct current conponent is generated in the synbol in-phase conponent
signal Cd[err] or the synbol ort hogonal conponent signal Sd[err], these
signals are accunul ated in the integral filtering section 74, so that the
i ntegrated in-phase data or the integra?¥d orthogonal data increase,

t hereby increasing the synbol fréquency conponent

-65-  quagiinbyl S¥ragaahdyNebiiponent qUhARitRe SWED@he LR RAme;ORERRNENt
quantity exceeds " the threshold for the infinite inpul se response

swi t chi ngfiltbeingnpacteion 28 evhptituted gouah fohat rnitec dnttegralat t he
conponent quantity SV has. exceeded the threshold. The selecting section
99 stops $ilteri mgihtainedtbhel symbollefrpapency component) quendidiyurlisiee
sanme. Consequent|y, when the synbol frequency conponent quanti%y SV has
exceeded 8fEerhtRensimingophage; pPRETPiputheredypsrsucdpo: g

e ok S ER At BB BRRRL e bRl e, LUl o Tesponee

by a. Use of a random walk filter together allows to reduce
the circuit scale as mentioned before. The phase control
quantity determining section 65 determines whether the
current time is in pull-in state, steady state or line
disconnected state. Then, the phase controllquantity
determining seqt}oh 65 cén shorten the timing phase control
interval for ppﬁée pull-in state and elongate the same for
steady state, éhereby increasing timing phase pull-in speed
and lowering the jitter in steady state. Further, the phase
control quantity determining section 65 can obtain a
send/receive clock frequency deviatioh to pefform predicted
control at line disconnection or the like, therehy
maintaining timing synchronization even during line
disconnection.

Based on the functions of components constituting the
timing recovery section 5A, the same can realize high-speed
phase pull-in characteristic and low jitter for the input
signal regardlgss whether the same is of random pattern or
preamble pattern, thereby méintaiﬂing timing synchronization
even in such a poor line condition that may cause line
disconnection. Further, the above-mentioned components can
be realized by simple digital circuitry, so that the timing
recovery section 5A can be implemented by a digital circuit

that is easily implemented on an LSI.



Using the integrated orthogonal data QS and the integrated in-phase data

| S outputted fromthe integral filtering section 74, the phase difference
calculating section 75 in rear stage obtains a tim ng phase difference.
The phase difference cal cul ating sectigy7 can quickly obtain a correct
rati o between the integrated orthogonal data QS and the integrated

I n-phase data IS by this accunul ation of the integral filtering section 74
at the initial IquE'/lei pregens, empedimentsynkbe puBREENEY bEApShest STHANR been
accunul at ed sutficientL§h t he integral filéerin ) ﬁ;i n 74 operates as

an infini fAVERBEFEcTRPECHEAHBE PPPRERFHE Eelt On,Igowg t eSPBFF%ePﬁiegrated
ort hogonal, dat apd inteaqr; I n- e ag be t ai ned.

When tini%ﬁaghgség [ ?e?chea?éggf ﬁgﬂggiapﬁgﬁggykﬁﬁg gﬁasgﬂghifference

cal cul ati gg,gechk ”rééei?@g?&ﬁﬁéaﬁ&@&éOha{r§n PR' bataedebyrbhenkase

controlling section 66 o suc that The timng phase difference
[err] is paneeled, sighldgeby K sets of antennas and converts K set@Sof

control conplete signal is entered in the integral filtering

received signals to K sets of baseband phase signals
respectively to output the converted signals. The diversity
receiving apparetus comprises K sets of detecting sections
for outputting K sets of received signal powers, K sets of
time delay sections provided with K sets of delay times.tli
through tK; for eliminating the delay time differences of the
K sets of detecting sections, K sets of sampling sections for
outputting K sets of baseband reception phase data seguence
Y,, a selective synthetic diversity section for selecting a
value of the highest received signal power from among the K
sets of baseband reception phase data sequence ¥, to output
the selected value and outpute a select-after-detect signal
for indicating the branch selected (1 to K), a timing |
recovery section, and a Nyquist point extracting section.
The time delay difference calculating section of the timing
recovery section usee the select-after-detect signal and the
phase control data to output delay times tl, to tK; for K
sets of delay time differences.

In the preeent embodiment, the diversity receiving .
apparatus using n/4 shift QPSK modulating has been described.
It will be apperent that the present embodiment is also
applicable to diversity recei&ing apparatuses using other PSK
modulating schemes such as QPSK modulating and BPSK

modulating as well as other modulating schemes than PSK



section 74 fromthe input termnal 74e indicating that phase control has
been perfornmed. Wen the phase control conplete si gnal has been entered,

t he synbol frequency conponent guantity is entered in the register 96B
via the sel ecting. section 95B and "Q' is entered in the register 96A via
the selecting.section 96A. Thus, the98ccumul ation of synbol. frequency
conponents is enabled by perform ng the phase control of the regenerated

clock by g, BHOMEs nerﬁ&(r?éeﬁf,l e %Péé&&@ enisd@ Hent léo#bliéﬁble to"

characteristic can be I1'e the high-speed in of clock

phase is anyp@ivashity receivig ansH@tatwns @§1ﬁ@%llﬂb@gla‘tlﬁg| sehemg
section 74 and t he synbol frequency conponent quantity cal cul ating

section if6 whidh behalgshasdecilitied offarreceived Fsiynad. h@srat he. synbol
i n- phase conponent signal Cdi and the synbol orthogonal _co onent S|gnal
Sd[err] \BeRs %irceitmpm% the timing | phase | bs pypchronigedsuith ¥

operation starts at a FI 18. Then, the |ntegral fllterlng
secti on BET ?ﬁn??n?ﬁ? c%%éﬁ%@ﬁ?%ﬂndg%F%tlon to accumul ate the synbol

I n- phase éh ent gnal Cd[err] and the synbol orthogonal conponent

si gnal d{ ﬁ)ﬂﬁ $: 17 respectively. Consequently, as shown in (A) and

(B) of FIG 18,6 SLEGHE! GibodiiURES o U8ideRElicy NPablioghg! ed or thogonal

data increase |near y.
apparatus based on the diversity for receiving signals by K =

2 antennas. For the diversity scheme, any of selecfive
synthetic diversity, equivalent gain diversit}, and maximum
ratio synthetic diversity can be used. A timing recovery
section of this embodiment uses baseband reception phase data
modulated by B/4 shift QPSK obtained by quadruple
oversampling. In this second embodiment, an integral
filtering section for initial pull-in and a random walk
filtering for steady state are used for the filtering
sections of the timing recovery section. In the first
embodiment, the object of the present invention can be
achieved without using the random walk.filtering section. In
the second embodiment, however, use of the random walk
filtering section is indispensable.

FIG. 27 in which components similar to those of FIG. 1
‘are denoted by the same reference numerals shows a block
diagram illustrating a constitution of a diversity
communication apparatus including a timing recovery section
5B of this embodiment. In the figure, reference numeral 4
indicates a diversity section, 5B indicates a timing recovery
section, 62A and 62B indicate phase detecting sections, 63A

and 63B indicate filtering séctions, 140 indicates a filter



The ratio of increase in each data matches the ratio between the synbol

I n- phase conponent signal Cd[err] and the synbol orthogonal conponent
signal Sdi shown in FIG 17. Since the synbol frequency conponent quantity
can be obtained fromthe fornmula (10),_the conponent quantity al so

i ncreases linearly =97~ -67- as shown in
(© of FIG 18. At. point (b) of FIG 18, the synbol frequency

conponenioutpudniselllecitRE $odtivn,Nfe51 tihdigutes 4 qtnoss ecantishi ng
threshold. Therefore, as shown in (D) of FIG 18, the integral filtering
section Ghastdpy deteaxncdumhngatsenticiperedin dndistates iy pheisani centipll se
response filtering operation. Consequently, follow ng the point (b) of

FIG 18, sechdomt apdaildd iindimesesia £imehdelne i forencadipasicing a,
1 or adugbCgappes . FIRG Somtae Cerdodh dedren HORERE ST ol “conpl ete
L0 e GERRE, okt b R3S Uit Rte SRRl
loaded i1t he rh Ry 2ugfhrid)” RS MR Ailbrdl 1414 oftlehdted I first
symbol frequency component inpﬁt terminal, 141b indicates a
second symbol frequency component input terminal, 1l4lc
indicates a first timing phase difference data input
terminal, 1414 indicates a second timing phasé data input
terminal, 141A indicates a valid time delay difference data
output section, 141B indicates a phase subtracting section,
141C indicates a time delay difference calculéting section,
- 143A, 143B and 143C indicate comparators, 144 indicates an
AND gate, 145 indicates'a subtractor, 146 indicates an
exclusive OR gate, 147 indicates a register, 148 indicates a
time delay difference averaging circuit, 149 indicates a time
delay setting signal output section, 141f indicates a first
time. delay setting signal output terminal, and 14lg indicates
a second time delay setting signal output terminal.

FIG. 29, in which components similar to those of FIG. 3
are denoted by the same reference numerals, shows a block
diagram illustrating constitutions of the filtering sections
63A and 63B. In the figure: reference 63m indicates a filter
reset signal input terminal and 74A indicates an integral
filtering section. FIG.'SO, in which components similar to
those of FIG. 6 are denoted by the same reference numerals,
shows a block diagram illustrating a constitution of the

integral filtering section 74A in the second embodiment of



I nt egrated orthogonal data. An attenpt to inplenent the forrmula (10)
by a hardware <circuit increases hardware scale, so that the synbo
frequency conponent quantity calculating section 76 is inplenented by a
sinple circuit as shown in FIG 8. Nam&ga, in the synbol frequency
conponent quantity calculating section , the absolute val ues of the

I ntegrated in-phase data l1S comng fromthe input termnal 76b and the

i nt egr at eghe O1AvE@HENBh.data QheCEigigel, I 2@fbiencep numetal 74h 76a are
obtai ned by the absolute val ue converting sections 100B and 100A

respect i vihgicdhescamfalaewr rééétc sigards inpatodepminaloandhdSehsol ut e

val ue converting sections 100B and 100A and outputs a signal to indicate
t he greatbnrdicatesta spéecEerecting section 102. The selecting section 102
out puts the reater _of the outguts of, the ahsql ute val ue converting

-68- sectionsF18oB3inghensa2 Prock.ddgoEeR ¢ TFAYRG Sl ecting section

102 15 OULBULLEf M LhoME £RENG%1EATHLRERU MR bor iR ERBk A 130 U Symhol
the second embodiment of the invention. In the figure,
reference numeral 140a indicates a first symbol frequency
component gquantity input terminal, 140b indicates a seéond
symbol frequency.éomponent quantity input terminal, 140c
indicates a first timing phase difference inﬁut terminal,
1404 indicates a second timing phase difference data input
terminal, l140e indicates a first UP signal input terminal,
140f indicates a second UP éignal'input terminal, 140g
indiqates a first DOWN signal input terminal, 140h indicates
a second DOWN signal input terminal, 150 indicates a
comparator, 151A, 151B, 151C, and 151D indicate selectors,
141i indicates a timing phase difference data output
terminal, 141j indicates timing phase difference data output
terminal, 141j indicates a symbol frequency component
quantity output terminal, 141k indicates an UP signai output
terminal, and 141m indicates a DOWN signal output terminal.

The following describes operations of the second

embodiment of the invention. First, the o&erall operation of
the second embodiment w;ll'Be described. The detecting
section 2A, the time deiay section 60, and the samplihg
section 3A performs the same operations as those performed by
the counterpart of the first embodiment. Therefore, baseband.
reception phase data quadruple-oversampled of branch 1 and a

received signal power of branch 1 are obtained. The



greater error is caused as conpared with the output obtained fromthe
formula (10). Therefore, the output of the  selecting section 102 is

mul tiplied by a weighting value by the weighting circuit 103. In
t he above-nenti oned enbodi ment, tim ng ase is expressed in five bits of
0 through 31. The error of the output™ the selecting section 102 from

the value obtained fromthe fornula (10) depends on the value of the
timng pdaesectihfesectiéoablai netef tinet delbyr secaibh) 60BFoandxane e, if
the timng phase difference is "3" (3[err]/16 radian) and the ‘synbol

f r equencysasppdngneegion 83 perionmg thenseme ppemationsi@ps ithose t hen the
sel ecting section _102 selects integrated in-phase data B shown in FIG 19
(because BeZ Qymedspycghs °°uﬂt%rEB§FSPgrFPPl@}rSFerB°9ém§Pﬁbol frequency
conponen ﬁuan t he fre uencgagonponent gquantity becones a

value s Pﬁ?egﬁﬁgr§ﬁ¥eggﬁﬁﬁ Byege ?s(S[err]/lG)) x A. \Wen
the t'”‘ en ?ﬁ§l§r8§85§%ﬁ§léﬁ o%fbranéﬁ Zoﬁngzg rg%%ﬁveﬁagﬂ ?%ﬁﬁ%ﬁi

caused. i m ng Se difference is

maxi MM eggOopraschadsade obeBBhig. | et B be synbol frequency conponent
gquantity, then the.synbol frequency conponent quantity becones a val ue

smal l er than tihe dntrereityvsbueiby 4lusesobpbebahfdxpcephion phasEhus, the

rel ati onshi p between the val ues on which
data outputted from the sampling sections 3A and 3B and
réceived'signal powers of each branch coming from the
detecting sections 2A and 2B to perform signél processing by
selective synthetic diversity, equi&alent gaiﬁ synthetic’
diversity or maximum ratio synthetic diversity, outputting
the éynthesized baseband reception phase data. The
resoiution of the béseband phase data is 5 bits like the
first embodiment.

The timing recovery section 5B uses the baseband
reception phase data outputted from fhe sampling sections 3A.
and 3B to perform timing regeneration and controls the
regenerated quadruple frequency clock phase such that the
baseband reception phase data at Nyquist point positions are
sampled like the first embodiment. The timing recovery
section also outputs a regenerated clock for extracting
Nyquist point data from the baseband reception phase data
after synthesis of the ocutput of the.diversity section 4.

Further, as with the first embodiment,.the timing
recovery section SB calculates an ihput/output delay time
difference between the détecting sections 2A and 2B to output
delay time setting signals tl, and t2; for eliminating the

delay time difference. The Nyguist point extracting section



nodul o 8 (corresponding to 8: [err]/2) were performed for timng phase
difference (0 through 31) and the output values of the selecting section
102 may be expressed as shown in FIG 20.

- 69- It is assuned that the val ue of 6he synbol frequency conponent
gquantity obtained fromthe formula (10}‘5@ const ant val ue A. Therefore,
the weighting circuit 103 selects-a weight value [err] shown in FIG 20
accordi ng ! ad heith nthg phose embsbdimsenc cestitacts g syt BRei nput
termnal 76¢c to mul tiply the output value of the selecting section 102 by
the selrmagenkeratedtclotkecdming . frdincthe ttining gred¢orery rsection3ss,
outputs the nultiplication result fromthe output term nal 76d as the
symbol f NeERRY ROHBREa gfkor i the bagrhand eeceptier phas@ef@Yaconponent
gquantity w thout error, can be  outputted. - As descrj ped above, the
i ng. AT SYRPIRRLS (o pest ol PR the 1t YRS icssubfon, 4 eed

col cul o B S Eared SN AL ol 4Bl A0 Plng b Pl 2 o0

(9).  HuyEMElond TedA1Cahd 6dW, HIRSH G KL CACEE Sebb ALt | T 08t L BRe
number of shift register stages to 1 to mx according to the
delay time setting signals tl, and tzi'respectively. -In the
initial state until the delay time ‘is calculated, the number
of shift register stages is set to mx/2. ZThe'relationship
between the delay time setting signals tl, and t2;, and the
shift register.stages setting vélues ml#ééﬁd m2, is obtained
from the above-mentioned formula (4). R

The following describes operations of the timing

recovery section 5B. The baseband reception phase data
quadruple-oversampled outputted from the sampling section 3A
are entered in the phase detecting section 62A. The
constitution of the phase detecting section 62A is the same
as the constitution of the phase detecting section 62 in the
first embodiment of FIG. 2. Consequently, the phase
detecting séction 62A performs the same operation as with the
firét embodiment to output first even-number sequence
synthesized symbol frequéncy component‘data and first
odd-number sequence synthesized symbol frequency component
data. The baseb?nd reception phase data
quadruple~oversampled outputted from the sampling section 3B
are entered in the phase detecting section 62B. The
constitution of the phase detecting section 62B is also the

same as the constitution of the phase detecting section 62 of



formula (9), hardware scale of the phase difference calculating section
75 increases. In the present enbodi nent, therefore, the phase difference
cal culating section 75 is i mpl ement ed such that timng phase difference
I s cal cul ated by a sinple processing 8£eration as shown bel ow. Timng
phase difference [err] in itself can 5&0kbt ai ned from fornul a (11) based
on a relationship shown in FIG 19 for exanple. In the present

enbodi Menghe t fiordt nemsodinest dbf fRIGNCE. | SConsbguentlyf renef phaskas (12a)
t hrough (12d). In what foll ows, B stands for integrated in-phase data
whil e C deteistimg sectieyré2Rdperfdrmonthe degéme operatipmrajd with the
tan[err] (C B) 11) If Blerr]0, Cerr :
-70- phqsgrqeteqtgmg/qut4qg/éqmqtq-?quut second eygnapu er |f B<O.

Cerr]Q [err] %err% wi/%’ém ‘E‘FJ’C‘L% 1[1612 112 a n&lZ

I f B<O, c&%ﬂuence S!{%Flil r§ qUeREY [compenent data and (75
second odd-number sequence synthesized symbol frequency
cdmponent data.

The first even-number segquence éynthesized symbol
frequency component data and first odd-number sequence
synthesized symbol frequency .component data outputted from
the phase detecting section 62A are entered in the filtering
:section 63A. The second even-number sequence synthesized
symbol frequency comppﬁént'data and second odd-number
sequence synthesized ;§mbol frequency component data
outputted from the phase detecting section 62B are entered in
the filtering section 63B. The constitutions of the
filtering sections 63A and 63B.of'FIG.-29 are generally
similar. to that of the filtering section 63 in the first
embodiment of FIG. 3. The filtering sections 63A and 63B
differ in constitution“fr6m.the filtering section 63 in that
the integral filtering section 74A.has a constitution as
shown in FIG. 30.

The integral filtering section 74 of FIG. 30 has no
capability of infinite impulse responsé filter of the first
embodiment but is an accumulator having a limiter.
Consequently, this constitution lowers the phase following
characteristic in steady state but reduces circuit scale.

The followihg describes the operation of the integral
filtering section 74A. A symbol orthogonal component entered

in the input terminal 74a is accumulated by an accumulator



If Blerr]0, C<O, [err] =[err]/2 x |Bl/( |Bl +|C) + 3[err]/2

(12d) Thus, the calculation of tan[err] can be realized by sinple
addi ti on and subtraction, thereby reducing hardware scale of the phase

di fference cal cul ating section 75. Iqqagguld be noted that [err] obtained
fromthe formulas (12a) through (12d) S sonme error as conpared with the
value originally obtained fromthe formula (11). For exanple, according
to the rebappsedsbdwthenaddér 94a Bnd Ahe cegi3fterr |96P6) diidke@isel a
sin(3[err]/16) are substituted in the fornula (11) to provide [ergl =

3[ err]/ 16symbolgin-phase Qopppaent; enteredadn Fhe damput ttaradnal

77y 1 et B3 Sl AR o L
11 SRR TR ek S DRI TS o e
are not Cbg§§hftﬁ.8ﬂsa%‘i‘ér gﬂe'}%gtrﬁleﬁ n_tReMileas ofal &3 tgﬁ gid%{ér(éz@ed e

absol ute ue converter 4A ang 104 btain the e val ue of

i nt egr at egioekt Bagereld dal aneoTnpatf ternih@l maw. term nal 75a and the
absol ute value of integrated in-phase data coming fromthe input term na

75b respectivelrpe Bedecttor O95A skdekbtise thealowtputa oferbbeneddde® GdRaiated by

dividing the timng phase
normal time to output the selected signal to the register
96A. . If the phase control complete signal entered from the
input terminal 74e indicates that phase control has been
dpmpleted, the selector 95A outputs "0" to the register 96A.
Tﬁé‘selector 95C selects the output of the adder 94B at
n;imal time to output the selected signal to the register
+96B. If the phase control complete signal entered from the
input terminal 74e indicates that phase control has been
completed and thexfilterqreéet'signal entered from the input
terminal 74h instructs. to reset the register 96B to "0", the
selector 95C outputs "0" to the register 963; If the phase
.control complete signal entered from the input terminal 74e
indicates that phase control has been completéd and the
filter reset signal entered from the input terminal 74h does
not instruct to reset the register 96B to "O", the selector
95C outputs a symbol frequency component quantity entered
from the input terminal 744 to the register 96B.

The selectors 95A and 95C each have the limiter
qapability for overflow prevention.. When'outpufs of the
adders 94A and 94B have exceeded a predetermined stored

. threshold, the selectors 95A and 95C divide the values of

adders 94A and 94B by a certain value D before outputting



difference by [err]/2 results. The quadrant of the tim ng phase
-71- difference data is determ ned the nost significant bits of the
i ntegrated in-phase data and the integrated orthogonal data. If the nost
significant bit of the integrated in_Q§%§§ data is "0" and that of the
I ntegrated orthogonal data is "0", th I m ng phase difference data.are
| ocated in the first quadrant "0". The first quadrant is expressed in
"0". |f thesenvalsegnifilfabt ibi 2 &b shpowetregrthead the- ghiyddisdga is "1"
and that of the integrated orthogonal data is "0", the timng phase
di f f er encergiatiapecrpchecdmphempatedc bvd bifugbidisingl  Inh&his qase,
quadrant is _expressed.,in "1". If_the post signifigant bit of the,
i nt egr at e® Fﬁygﬁﬁgg garguis caT"bﬁn&mPH&WeBFe%hgaFﬁiggraﬁ@ds%FWﬁbdﬁhal dat a
is "1", t tLgi ng_p i.ffere ar t ed i h i :
quadr ant PEG? #ﬁg gﬁiggééuggréﬁ? ?gig%%ﬁggsggc%ggﬁZESAl?nﬁtﬁgﬁgngﬂma
si gni 11 Caphalb! aksbbental ealahedthAgPuastidnl 75 SsesltnaNdntiiratlod e
i nt egrated orthogona gata s "1, tﬁe timng phase difference data are
| ggat ed i intpRakeuakita @naditast indegratia bethbionaaddate comNY EaeRd i n

- the integral filtering section 74A to obtain timing phase

difference data in the same manner as with the first
embodiment. The symbol frequency component gquantity

- calculating section 76 uses the integrated in-phase data and
integrated orthogonal data coming from thelinfegral filtering
section 74A to obtain a symbol frequency component quantity
in the same as with the first embodiment. The random walk
filtering section 77 obtains the UP signal and the DOWN
signal in the same manner as with the first émbodiment and
outputs the obtained signals.

The first timing.phase difference data, first symbol
frequency component quantity and first UP and DOWN signals-
coming from the filtering section 63A and the second timing
phaée difference data, second symbol frequency component
quantity and second UP and DOWN signals coming from the
filtering section 63B are all entered in the filter output
selecting section 140. The fiiter output selecting section
140 outputs the output of the filtering section having the
larger symbol frequency component guantity to the rear-stage
phase control quantity determining section 651.

Because the output of the filtering section having the
larger symbol frequency component quantity presents a surer

value, selecting the output of the filtering section having



Thus, let the quadrant obtained by each of the nost significant bits be D
= {0, 1, 2, 3}, then the timng phase difference data [err] are obtained

fromthe fornmula (13) as foll ows: [err] = Q+ Dx [err]/2

... (13) Qis obtained fromthe f la (14) as follows. This natches
the relation when Blerr]O and Clerr]Oof"the formula (12). Q=
[err]/2 x" |E/(|B + |Q) ' . (14) where, if D= {0, 2},

t hen E = €hei Labger{ symbol Ereqbency compdrnerttheyyaresicry entiamizesenthe Q
takes 16 val ues of {0, 1, -72- 2, ..

, 15}. Tﬁbﬂ@ﬁsrterllsmq-or ffllea congit it ilon ofa e figddten cpumut ormul a
(15). = INT [16 X | E|/(|B| +|C|)] . .

where, | N?F&FCGéHSt section Ji¥dyds & shown in FiGedree, TI'E? quq{nqﬁrator_

calculategsas foll W e QFF%%% é%i obtains the de on1natq; Bl +

I of th { GPAREX &8 dphe fizs SHHSPRY SHMRANETY (Y
coming from the input terminal 140a with the second symbol
frequency component quantity coming from the input terminal
140b to output logic "1" if the first symbol frequency
component quantity is found greater than the second symbol
frequency component quantity or logic "0" otherwise.

If the output of the comparator 150 is "1", the selector
151A selects the first timing phase difference data coming
from the input terminal 140c as the timing phase difference
data and outputs the selected data to the output terminal
140i. If the output of the comparator 150 is "0", the
selector 151A selects the second timing phase difference data
coming from the input terminal 1404 as the timing phase
difference data and outputs the selected data to the output
terminal 140i. If the output of fhe-comparator 150 is "1°,
the selector 151B selects the first symbol freguency '
component quantity coming from the input terminal 140a as the
symbol frequency component quantity and outputs the selected
guantity to the output terﬁinal 140j. 1If the output of the
.comparator 150 is "0", the selector 151B selects the second
symbol frequency component'ﬁuantity coming from the input
terminal 140b as the symbol frequency component guantity and
outputs the selected quantity to the output terminal 1407.

The selector 151C, if the output of the comparator 150
is "1", selects the first UP signal coming from the input

terminal 140e as the UP signal and outputs the selected



output (|C) of the absolute value converter 104A or the output. (|D) of

t he absol ute val ue converter 104B according to a select signal represented
by the nost significant -bit of the integrated in-phase data and the nost
significant bit of the orthogonal intigégted data. The selected value is
equivalent to |E]. The 4-biit shifter™ shifts the selected value by 4
bits. The output of the 4-bit shifter 107 is equivalent to the nunerator .
16 x | E| sfgridie fasdiutite (ddbiput Thermbnalll B40k5) Ther setetsoanlbiCtegdf part
obtained by dividing the nunerator by the denominator. As a result, the
out put ofthéneoutkpiet dfStheicompaxatoe HBAokENHOYs , setechscthel secondi a t he
regi ster 109. When the accunul ated value exceeds the output of the bit

shift 107UP iskonahiferming freqthetinpubpbeEninal 1AQ£caethentPint eger

t of 16 [(]B]l.+ |C). ., The, fall ow d i, b
AR TP T RAL DI X F T g s
bit shift | Spmp32" ) malW t h I 21. (B
' Blo St PRt mih colE5for ERLhCE) FhatoteBlk 8F S 2 1o

out put OfcddieaitosNidd eis 10yn, dandbLs €RSCriftkt DOMN] $26Ah1=cOmARY ONl Yy
be obtained Tfromthe formula (15). A signal (E) of FIG 21 for resetting
the UP cogidrertHd lifpet terminal 140g as the DOWN signal and outputs
the selected signal from the output terminal 140m. The
selector 151C, if the output of the comparator 150 is "Q",
selects the second DOWN signal coming from the input terminal
140h aé the DOWN signal and outputs the selected signal from
the output terminal 140m.

Using the above-obtained timing phase difference data,
the symbol frequency component quantities, and UP and DOWN
signals outputted from the filter output selecting section
140, the phase control quantity determining section 651
obtains the phase control data in the same manner as with the
first embodiment. The phase control section 66A operates in
the same manner as with.fhe first embodiment to perform'phase
control based on the phase control data. In the first
embodiment, the diversity section 4 compares fhe received
signal power of branch 1 with the received signal power of
branch 2 and the timing-recovery.section performs a timing
recovery operation by using the received phase data having
the gfeater received signal power. In the second embodiment,
hpwever, the filter output selecting section 140 compares the
symbol frequency components quantities of the two filtering
section outputs and determines.the phase control data by

using the filtering section output having the greater



-73- the register 109 at rising of the regenerated clock is generated by
the register 113, NAND gate 114, and the inverter 112 as shown in FIG 21.
When the out put value of the adder 108 exceeds the output value "32" of
the bit shifter 107, the conparator 1é86enters the signal of logic "O"
into the. UP counter 111 (refer to (C BVYFIG 21) to disable counting.

The output value ((F) of FIG 21) of the adder 108 increases in the

regener at @dadtitynes peefoemcyhel €£MiAgr redovenghoperatida. 15 and so on by
an accumnul ating operation. At the sane tine, the UP counter 111 perforns
up- count oper aBécausenthaedetgetingt sdctfonsndd dndgdBneyecgevieraddly as 0,
1, 2, 3 and so on as shown_ in (H of FIG 21. Wen the output value of

t he addercangtitutedsby3analegedepicegnt upe19f Low-grsibreyipest FBeout put
of the coqgarator 110, count va ter valye "6"

Pat chod | FEeHEveaorLgnnl "aousty HEDKELRHoFEPB, tBroBR PG LDT,GERGLORE as a
22U, g jong 5ot HeyPEEIEE! oo FREGTBRLorl o b, GROR SRR, KheclisR!, 52
al loved, pbeydéRehe COPYRERALENCAh bBCselected more correctly by
selecting the data between the branches in the magnitude of
the symbol frequency component quantity as with this second
‘'embodiment, rather.than by selecting the data in the
magnitude of the received signal power as with the first
embodiment. = Namely, each of the characteristics of the
timing recovery section 5B of the second embodiment is better
than each of tﬁe characteristics of the timing recovery
section 5A of the first embodiment.

In the second embodiment, the output of the AND géte 81
coming from the phase control qﬁantity determining section
651'of FIG. 4 is also entered in the phase control section
66A. The output of the AND gate 81 indicates whether the
current point of time is in pull-in state or steady state.

If the signal indicates steady state, the phase control.
section 66A outputs a filter reset signal for resetting to
"0" the registers 96A and 96B in the integral filtering
section 74A in the filtering section 63A and 63B.
Subsequently, the phase control section 66A outputs the
filter reset signal for resetting to "O" the registers 96A
and 96B if the phase control complete signal indicates that
clock phase control has been performed. |

Thus, when the registers 96A and 96B in each integral

filtering section 74A are reset to "0" every time the clock



formula (16) is perforned on the Qvalue outputted fromthe register 115
to obtain @ =(0, 1, 2, ..., 8. The obtained Q 1is substituted in the
formula (17) to obtain [err]. The processing according to the formula
(17) is perfornmed by the adder 117 of FIG 9. Q@ = INT[(Q+ 1)/2]

... (16) [err] = MOXQ + D x 8~18%y .. (17) where, MOD(A,
'B) denotes a remuinder obtained by dividing A by B.

-74- phdSe €8hi€Lol hencateaipt seatar Ler perifornbase tiiat Antegiralli near
converter 116 perfornms a non-linear conversion shown-in FIG 22 by using Q
as i nput fiblterfh@ s€StibnwE4Aheanpcatenjate theadnéferense] betiegocor di ng
to the formula (16{ Q outgutted fromthe register 115, @Q obtained from
the fornthe sigpal delay simenhivhtheedabactingapessaorr 2RoANEI thei g 22 is

per f or med shown in, FlG ear %pnver5|on

|
has been 5%9?%4#@%1§$oﬁhm?nlﬁlEbezgetFEthQr§F°Fﬁ8npﬁpn§n é&ﬁg the

accunulated symbol frequency component quantities and the
timing phase difference data.dﬁring the random walk filtering
section 77 is performing phase control in steadylstate. '
FIG. 32 shows a timing chart indicating the overall

operations of the second embodiment of the invention. FIGS.
.33(A) through 33(D) .and FIGS. 34(A) through é4(E) are:
characteristics diagrams for describihg the operationS'of the
second embodiment. These figures indicate the output ‘of each

_1ntegra1 filter at points (a) through (i) of FIG. 32 in the
integrated orthogonal data (QS)_of vertical axis and the
integrated in-phase data (IS) of horizontal axis. The vector
indicated by so0lid line. indicates: the output of the integral
filtering: section 74A in the filtering section 63 on the
branch 1 side and the vector'inaicated by broken line
indicates the output of the integral filtering section 74A in
the filtering section 63B on the branch 2 side. The length
of each of the vectors provides a symbol frequency component
quantity.

" When the baseband reception phase data coming from each
branch are entered in the timiﬁg recovery section 5B and the
same starts operating, the filtering sections 63A and 63B

'_ each output a symbol frequency component that increases
gradually from 0 as shown in (A) of FIG. 32. (B) in FIG. 32
indicates the A6, output pulse for indicating that the timing

phase difference data A8, have béén outputted.  Because the



The foll ow ng describes operations of the randomwalk filtering section 77
of FIG 3. The randomwal k filtering section 77 operates in generally the
same nmanner as the prior-art filtering section 13 for steady state of FIG
55 does. A difference lies in that t filtering section 13 for steady
state operates the UP/ DOMNN counter 42'5&8Fhe LEAD signal while the random
wal k filtering section 77 operates the UP/DOM counter by the synbo

Orth090nahegQﬂPﬁ?@ﬂtpﬁiQQais &dtputted at pointwha), f théophiaséheonpeont i ons
of the randomwalk filtering section 77 will be described with reference

to FIG dsingwkinlhingoppasentlsffemehae Batehdse b pecfosBedr e Thaoted by
the sane reference nunerals. In described above, whether the clock phase
i s | eadi n§imingagheeg iffesensecdesa WP, arethbe Fﬁ@iBQnBB@S%rthogonal

P o elaPRtbneg helakroelReulabe: bl FBGS et ke SRS LREIRE ' From
the !npUtg%e?ﬁéPgbﬁéaﬁﬁ?Déﬂﬁ%%giﬁﬁeFekfﬁgw 5C3 ol Q%Eh 5@e€H m ng phase s

| aggi ng, _ coun ornB up countlng I f the nost
s'gn'f'caﬂﬁlgéilhﬁ sections 63A and 63B is expressed in the vectors

shown in FIG. 33(A), the first symbol frequency component
quantity on the branch 1 side indicated by solid line is
greater than the second symbol frequency component gquantity
on thé branch 2 side indicated by broken line. Consequently,
the timing phase difference data-'A'e1 provide the first timing
phase dlfference data proportlonal to the angle of the wvector
1ndicated by solid line as shown in FIG. 33(A). The symbol
frequency component quantity provides the length of the
vector indicated by solid line.

(C) in FIG. 32 indicatés phase control data PD1.
Immediately after time point (a), as shown in FIG. 32, phase .
control is performed by using the phase éontrol data PD1 .
obtained from the. formula (18) with the timing phase
difference data A8, regarded as A6,' in the formula (18).
Then, a rising pulse indicating that the phase control has
beén performed'is outputted as the phase control cdmplete
signal indicated at (G) ofIFIG. 32. Immediately after time
point (a), the symbol frequency component quantity is less
thah the threshold value for recognizing steady state, so
that no rising pulse for resetting to "0" the registers 96A
and 96B in the integral filtering section 74A appears'in the
filter reset signal indicated at (H) of FIG. 32.

. Consequently, the symbol frequency component quantity (the



-75- positive, it indicates that the timng phase is |eading, so that the
UP/ DOWN counter 42 perfornms down counting. The UP/DOM counter 42 starts

counting fromthe ini-tial value Nx. The UP/ DOMNN counter 42 operates in the
period of the regenerated clock coningpgron1the i nput termnal 77d. _

The Nx value outputted fromthe selectdr’40 shifted by the bit shifter 41

by one bit to be 2Nx. The conparator 43A conpares the output of the

UP/ DOMNN chengeh 4 wetktoz)X acciimalateticini eatbuddtegiralc digdeatiorg out put s
an UP signal fromthe output termnal 77e. The conparator 43B conpares the
out put oBetkéobP7BBVisc oot dpst2 wAshwigh; the fixstcempodigent. tthe
conparat or outputs a DOM signal frogmthe output termnal . 77f. Wen the

cl ock pha¥ectent AdresFipps Lpdirghel BY the MPRRITANIH 1IN
conpl et ed

of bhase. EBREEOR 745 BRPCFERSPRaN PN BRur O PAFRRC LI, (Lo A ¥ | "
UP/ DOWN 398&&ﬁ[§i§ﬁ|8fr%&%1 ??é§$)‘ The above-nentioned operations

provi de generall e sane e as that provided by the prior-art .
filtering seckp@Mowdngl tihe pb2ntlik9,! RBePEyAboAl FreigReheys ctndonent

filtering section 13, The value of Nx may be altered by the selector 40
accor di ngguantheyf iagteageshgradualilgn SBgoaluse the A8, output pulse
- is outputted at time point (b), the phase control by timing
phase -difference data A6, is performed. = The timing phase
difference data A@, is the timing phase difference Ae, at
time point (b). At this moment, if the output of the
integral f;ifering section 74A in each of the filtering
sections GéA and 63B is indicated by the vector as shown in
FIG. 33(B), the second symbol frequency component guantity on
the branch 2 side indicated by broken line is gieater than
the first symbol frequency component quantity on the branch 1
side indicated by solid line. Consequently, the timing phase
difference data A8, becomes the second timing phase
difference.data.propdrtional.to the. angle of the vector
- indicated by broken line as shown in FIG. 33(B). At this
moment, the symbol frequency component quantity becomes the
length of the vector indicated by broken line.

Immediately after time point (b), phase control is
'performed by using phase control data PD2 obtained from the
timing phase differencé Aéz. Then, as the phase control
complete signal, a rising pulse indicating that the phase
control has been performed is outputted. Immediately after
time point (b), the symbol frequency component gquantity is

still lower than the threshold value for recognizing steady



Thus, tim ng phase difference data [err] are outputted from the out put
termnal 63h of the filtering section 63, the synbol frequency conponent:
gquantity is outputted fromthe output termnal 63i, the UP signal is
outputted fromthe output term nal 63j, and the DOMN signal is outputted
from the output term nal 63Kk. " 18nat foll ows, operations of the
phase contr ol -76- quantity

deterni ni sgategt soNthatyi bth khedgittiokedeselth sigabdr daddcated Gt 4H)The
phase control quantity determ ning section 65 determ nes how nuch tim ng
phase is bf BEG.c8@.ral réding phise fomt relsegtding the seddisherisn®bAy use
-of the timng phase difference data kerr], the symbol frequency conponent

quantity, apfle36P dngrarh angegrelDbiliterdng seetdoncdpaitat 00788 dtpar es
e, SYIDoLLLSIHENCY, Sompanenl.s, guanl) L OTuiRd Rl e dilpl gl il 652
L eauency RSRROET! SHBTH bt sk R"REapoE Lindiip T’ Vel ve for

length of vector) accumulated in each integral filtering

section 74A is not lost‘a;so at time point (b), the wectors

indicated by each integral filtering section 74A being

rotated in the direction of angle "O".

Also after time point (b), the symbol frequency

component quantity increases gradually. At time points (c)

and (d) at which the A6, output pulse rises, the outputs of

each integral filtering section 74A present the vectors as

shown in FIGS. 33(A) and 33 (3). Consequently, the generally

the same operation as mentioned above is performed, in which

the vector on the branch 2 side indicated by broken line is

selected, phase control based on phase control data PD3 and

PD4 obtained by use of the timing phase difference data Ae,

and A9, is performed, and the symbol frequency component

quantity is accumulated.

As shown in FIG. 32, the symbol frequency component

qﬁantity exceeds the threshold for recognizing steady state

at time point (e). Therefore, the output of the AND gate 144

indicated at (F) of FIG. 32:changes from logic "O" to logic

"1" that indicates steady state. At the same time, a rising '

pulse is generated in the filter reset signai, upon which the

outputs of the integral filtering sections are reset to "O"

as shown in (A) of FIG. 32. . The phase control subsequent to

time point (e) is performed by use of the UP signal and the



outputted fromthe conparator 78A. The rising edge of this output signal
sets the output of the register 80 to logic "1". A frane '
synchroni zation signal (a UWdetect signal) conmng fromthe input term nal
65b indicates logic "1" at frame synchroni zation. Therefore, the AND gate
81 outputs logic "1" when the symbol flddquency conponent .quantity
presents a value greater than the threshold for recognizing steady state

and frameppyRcligRkIat | #RelrssBEbabresBeting! thehicutpuedios tyranSi tion from
pull-in state to steady state is determned. To inplenent the phase
control quatbgikl geleeringngeseibho4R5 toi I'Bducausiesy ncherfouble in
synchroni zati on signal, the input termnal 65c nmay only be set logic "1"
al ways. Ehecoitpopegatéodl oSthugiog' Grom gdmeapedingul(e).ntheate. In this
case, the gate circuit 84 substitutes tim ng phase difference [err] into
the fornuiategrel £dlgexdng: sephaor Z4p: pecuinlates the S§YRRQL be noted
that [err] indicates 5-bit data f I ndi cati,ng aone .of values 0O

-77- thr5E&HuSTFYAF°PﬁP§eﬁﬁWEHF?%Eﬁ%n FOMi Cced9F  at a coni ng

As shown in (E) of FIG. 32, a rising pulse is generated
in the DOWN signal at time point (£f). Therefore, phase
control data become "17", delaying the timing phase. Because
the comparator 150 is outputting logic "O0" as shown in (i) of
FIG. 32, the DOWN signal is the signal cominé from the branch
2 side, naﬁely the second DOWN signal. Between time points
(e) and (£f), the symbol frequency component quantity is
accumulated in each integral filterinj section 74A in
.uncontrolled state in which no phase control is performed.
It should be noted that, in uncontrolled state,,sempling by a
fixed clock is performed. If the output of each integral
filtering section 74A immediately before time point (f) takes

" a value indicated in FIG. 34(B), measuring the_ahgle
difference of the vectors of FIG. 34(B) can~obtain difference
t, between the signal delay time in the detecting section 2A
and the signal delay time in the detecting section 2B.
Therefore, the time delay difference measuring section 141 of
FIG. 27 can obtain the delay time difference t, by averaging
the angle differences of fhe vectors indicated by each
integral filtering section 74A immediately before starting of
the phase control in steady state.

The reliability of this delay time difference is
determined by the leﬁgths of these two vectors. Therefore,

in order to enhance the measuring accuracy of the delay time



fromthe UP/ DONN data generating section 83 are ignored. VWhen O [err]

[err] [err] 16, PD = 16 - [err] When 31 [err] [err] (17, PD = 48 -
[err] ... (18): According to the forrmula (18), the phase contro
data PD are latched by a [err] out put R | se that repeats, in period TL
[ synmbol s], "0" and "1" entered from thd Tm ng phase control interva

setting section 64 via the input termnal 65f to be outputted fromthe
gate circdifféfend8f Ohéptimef débey AdDEfgrbac8lmebasuedng Stctindi ddles
steady state. At this nonent, the gate circuit 81 does not select the
phase contses, dfvrn @Perapiagnethérobtalivedi dedgyphdne difference data [err]
coming fromthe_ input_term nal 65c but obtains the hase contr ol data
from t he @%@ pyatid Bﬁleatanéﬁnvhgnftbﬁmiﬁ@g@bﬁoemwt §W°g8

765 comaietSiie EhfotiErohialil LEBAReREN SQomriiey menci e
val ue 10T LegRSnLhAl: LR, dhS6ONRARRRRY! Bhbneiy! BECHTiOR LUEAMANGY

corrponent quant I IS res recogni Zi ng
line di scopg éée@é@ﬁfne&hﬁhfggﬁéiét@Broﬂbaﬂhrihggaél Q'tlﬁbherWhéﬁ the

conpar at or outputs logic "1". AND gate 79 perforns a | ogi cal AND
oper at i ony&etyLeNshden ﬂutpay ef Fhe.ceapbb&hOha%&Be&&éeaba gwieput of the
register

threshold for delay time measurement indicated by broken line
: ciréle, so that the delay time difference v, is valid.

At time point (£f) of FIG. 32, the timind phase control
based on the DOWN signal is pérformed, so that, in the phase
.control complete. sxgnal indicated in (G) of FIG. 32, a rlslng
pulse indicating that the phase control has been performed is
generated. At the same time, because the phase control
operation has been shifted to the operation in steady state,
a rising pulse appéars in the filter reset signal.
Consequently, the outputs of each of the integral filtering
sections are reset to "0O" at time point (f) again as shown in
(A) of FIG. 32.

As shown in FIG. 32, a rising pulse appears agaln 1n-the
DOWN signal at time point (g) Therefore, the phase control
data become "17", delaying the timing phase. Because the
comparator 150 is oﬁtputting'logic "1" as shown in (I) of
FIG. 32, this DOWN signal is the first DOWN signal coming
from the branch 1 side. Starting from time point (f), the
symbol frequency componeﬁt Quantity is accumulated from "O"
in each integral filtering section 74A. If the output of
each integral filtering section 74A takes a value shown in

(C) of FIG. 34 immediately before time point (g), measuring



80. Therefore, the output of the AND gate 79 is set to logic "1" if the
synbol frequency conponent quantity becones greater than the threshold

val ue for recognizing steady state at |east once and then smaller than the
sanme. The output of the AND gate 79 of logic "1" indicates that the line
has been _ -113~- -78- di sconnect ed. | f
the output of AND gate 79 is logiec "1", the selector 82 selects an AFC UP

si gnal anthaanffie WEsddied SONENEY védedrs Nehewh ofmt (C) fe£gpeecy34ontr ol
signal generating section 85B to output the selected signals as an UP O

signal auh oM @istfprdnce ft,t betwegnutthel stignad\degaye periad drogic "0
i ndi cating no |ine disconnection, the selector 82 selects the UP signal
coni ng f rihe tdetdqiping tsectien Fsmndithe Rigewl delRvl PeBHPAginr BRet he

i nput terminal 65e to output the selected sjignals as the UP O, si E?l and
the DONNASTRGEHRG  SSHELa/ ARvN HRHVSRncP i PG ESEEPER S308D: bt £ 15" as

W th the conentionalucase e (e U QELEDR' of Ofne! BELAUR! s "HebBRebRd N0
lower than the threshold for delay time measurement indicated
by brokén line circle. Therefore,lthe'delay time difference
T, is determined invalid and is not used for averaging. At
time poiht (g), the output of each integral filtering section

. 74A is reset to "O" again as shown in (A) of FIG. 32.

As shown in (D) of FIG. 32, a rising pulse appearé again
in the UP signal at time point (h). Therefore, the phase
control data become "15"; advancing the timing phase.

Because the comparator 150 is outputting logic "1" as shown
in (I) of FIG. 32, this UP signal is the first UP signal
coming from the branch 1 side. Starting from time point (g),
the symbol frequency component quantity is accumulated from
"0" in each integral filtering section 74A. If the output of
each integral filtering section 74A takes a va;ue shown in.
FI1G. 34(D) immediately before time point (h), measuring the
angle difference of the vectors shown in FIG. 34(D) can
obtain difference T; between the detecting section 2A and the
detecting section 2B. Because the vectors shown in FIG.
34(D) are both'in excess of the threshold for delay time
measurement indicated by broken line circle, the delay time <t
3 is valid.and averaging is performed. At time point (h),
the output of each integral filtering section 74A is reset to
"0" again as shown in (A) of FIG. 32. As shown in (E) of

FIG. 32, a rising pulse appears again in the UP signal at



with the conventional case if the DOMN O signal .for instructing the

| aggi ng of tim ng phase is entered. The cl ock base oscillation
frequency devi ati on nmeasuring section 85A used the phase control data
outputted fromthe gate circuit 84 to calculate an average fluctuation of
the phase control data caused by the tl¥%-erence between the clock base
oscillation frequency on the sending side and that on the receiving side.

Thi s cal ciaid gibirﬁ: PEL Y Of MibrdfdiE, EHEPHEEO 'coPraliiquts hadbhie ' 1" t hat
i ndi cates steady state. When the average fluctuation has been obtai ned,

t he aut onataix', fdaca;&rn'g/ thenttining plEseenBetause Skl | compdth tot pL5e t_h.e
AFC UP si gnal and the AFC DOWN signal for providing predicted contro
state wit Heutowasiting Heogiani HY' mamshaomtin| (b okrFihecidl ytlvberBOWN| f

| i ne di sconnect_ion takes pl ace. Thus using the synbol fre uency

conponent ShgRRYL hE thee sqrrRG R r%?lgrtﬁﬂarﬁqu}‘%eﬁ"é?%m%gb%%‘&‘?

State | o pde n SRRERT $OT TR SUhR) el ST ?ﬁ%q‘%%ﬁ???%r o
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phase _
filtering section 74A. If the output of each integral

filtering section'74A takes a value shown in FIG. 34(E)
immediately before time point (i), méasuring the angle:
difference of the vectors shown in FIG. 34(E) can obtain
differenée (4 between the signal delay time in thé detecting
section 22 and the signal delay time in the detecting sectioni;T
2B. éecause the vectors shown in FIG. 34(E) are both in R
excess of the threshold for delay time measurement indicated
by broken line circle, the delay time t, is valid and used
for averaging. At time point (i), the output of each
integral filtering section 74A is reset to "O" again as shown
in (A) of FIG. 32.

- Thus, while performing the timing phase_cohtrol in
steady state based on the UP and DOWN signals, the time delay
difference measuring section 141 can measure the difference
between the delay time cauéed in the detecting section 2A and
the delay time caused in the detecfing section 2B. However,
the delay times are measured by the vector angle difference:
therefore, of two angle differences of angle difference T6
[radian] and angie difference (2n ~ TO)[radian], wvalue that
is over -n[radian] and below n[radian] is the delay time
difference. Consequently, in the second embodiment, the

measurable delay time difference is in a range over -



difference data [err] as the phase control data to perform control such
that the timng phase difference [err] is canceled, thereby enabling a

hi gh-speed pull-in operation. 1In the steady state, the phase control
guantity determining section uses valgi "15" for leading the tim ng phase
generated by the UP signal and value™ ¥ for | aggi ng the timng phase
generated by the DOMWN signal to perform phase control, thereby reducing
the jitteg[eadide] chndkbebesen[radiahe | The dimeodekayedisferencehe phase
control quantity determ ning section 65 uses "15" for leading the timng
phase gomnsasuringysettiorCLUP $$gimplemented"” byotheagghagitusioni pifng
phase generated by the AFC DOM signal to perform predicted control of
phase. FIG. S28¢ing the threshold val ue for recognizing steady state in

2 ot mum val BB CRRRULGHLER OF CHER g Lok UBR o EARERPH Ry MAk LB (0
Gare 1n gaperided 10 8RS0 | IACKAE Erpahac Sabballehty MIAMACTBRRES (.

be real i Zgfle rdPARNE dads AREIERpPEsEEE CHAAEEuLA1 PHEABLES! B tol BhEOT at ed

ort hogonal data, and synbol frequency conponent quantity, a range in which
the oper athérefdré)cai AbEgyatiméi diLEéb@nsecEadls7dngat safigébifkrbmedignd
each of these data S . '

' to 15.. It is assumed that the first timing phase difference
data outputted from the filtering section 63A on the branch 1
side is A6,=2, and the second timing phase @ifference data
6utputted f:om the filtering section 63B on’the branch 2 side
is A48,,=30. 5

Ae§=2 entered from the input terminai:14lc in the time
delay difference measuring section 141 and A6,,=30 entered
-from the input terminal 1414 are subtracted in the subtractor
145. Namely, the subtractor 145 outputs 2-30=-28. In the .
present embodiment, the after subtraction takes a vaiue in'a
range of -31 to 31 in two's complement notation. The
comparator 143c outputs "0" .if the value after subtraction is
in the range of -16 to .15 aﬂd "1l" otherwise. The value after
subtraction is entered in the register 147 without change if
the output of the comparator 143c indicates logic "0"; if the
output of the combarator i4§6 indicates logic "1", the value
is eﬁtered in the register 147 with the most significant bit
inverted. The value entered iﬁ the register 147 becomes
‘delay time difference <.

These operations are realized by entering the most

significant bit of the output of the subtractor 145 and the

output of the comparator 143c into the exclusive OR gate 146



converge to a certain value is used, so that a ot of bits are required to
represent these ranges. This nmakes larger the circuit scales of the
integral filtering section 74, the

-80- phase difference cal cul ating seciygp 75, and the synbol frequency
conponent quantity cal cul ating section in the filtering section 63. On
the ot her hand, since the UP signal and the DOM signal are required no
nore, theandinsioreibnd iditherteagisest i D47 thdedateswitheties samyput of I n
this case, the phase control quantity determning section 65 is

const i t utche sexclhusive oK gatgbeing thewesh sigrifigart biticinsteador 82

is not required any nore and the AFC UP signal is replaced with the UP O
si gnal arRE tthe MISt FIGRLTLGART i RiT OFf Bk QR EPUE HRt DERR BREFREFOT Al so - as

shomn 10 UG e S0 Ghrale O B Sl REeA00 SR e Tonh2 BRI SLEGLLY
o 1 35 S A Bl PSR ocBAE UG R, IS ARG alaibe MO g2t
‘represented as "100100" in binary notation becomes "4", which
is represented as "00100" by inverting the most significant
bit. The above-mentioned operation is expressed in the
.following . formulas where the outéut of the subtractor 145
being T8', the input in the register 147, namély the delay
time difference being t:
if -16 s T’ < ;éi
T = T o ... (24a)
if ~-16 > T6'
T = 32 + TO',
if TO' 2 16,
T.=.T6' -32 ... (24b) _
As mentioned above, only when the first symbol frequency
. component..quantity .and the second.symbol frequency component .
-quantity both exceed the threshold value for delay time
measurement, the delay time difference data ri are used for
averaging as the vaiid value. Consequéntly, the time delay
difference.measuring“séction 141 performs the following
operation. The first symboI frequency component quantity
'entered from the input terminal 14la and the second symbol
frequehcy component quantity entered from the input terminal
141b are compared with the threshold value for delay time
- measurement in the comparators 143A and 143B respectively.

The comparators 143A and 143B each output logic "1" if the



whi ch indicates that the |line has been disconnected, the gate <circuit 84
out puts the output of the UP/ DONN data generating section 83 or the timng
phase difference data [err] if the output of the AND gate 79 is logic "0".
As descri bed above, the gate circuit 84 | atches the phase control data PD
by the [err] output pul se that repeatsll70" and "1" in period T[err]
[synbol s] to output the |latched data PD. Nanely, the timng phase contro

I s perforgedredppadi 1%&kﬂ|f&§q@@ﬂdﬁ colpRiiY Qudrtdwhaiaact eristics of
the timng fécgveryggégtlon 5A foll ow period TL [s;}lrr‘nolst{]!:i’h If period TL

[ synbol s] exeesldedt ¢hed thiriesshad dpvaleeconthhel AND prytfeorld¥edd usaw etHe equent | y,
so that timng phase pull-in characteristic is enhanced but at the cost of
the ji ttepu&m;ﬁrst oifn thee spppagedors G43dhangt H43Ehasd 1t ipmqfcﬁi HO

[ synmbols] is nmad -81- r, timng
phase conthgft t§epéppoﬂﬁ§$ ﬂ#4a°NGﬁ§§F o< "t e ALY, WQ?QIEH?téi?ﬁ Titer
anount in_th teady state is red byt. ,at ost_of terlorated :
(i ng pnavasgl FEehuReRy” sohpprent. hethied A T Sre S
uncontrol lied3baky ARt qh%aei@yt st Yxdddidd 4R shalilord

value for delay time measurement.
The régister 147 outputs t, which is the input'data, to

. the time delay difference averaging circuit 148 in the rear
stage only when the output of the AND gate pfésents logic : -
“;T;' According to the above-mentidned'operétion, T,, T, and
;;jére outputted to the time delay difference averaging
ciicuit 148 in the rear stage. However, as for t,, the
symbol frequency component quantity 2 is not in excess of the
threshold value for delay time measurement, so that the
output of the AND gate 144 becomes logic "0" and t, is not
outputted to the time delay difference avéraging circuit 148
in the rear stage.

- The time delay difference averaging circuit 148 averages.
the entered delay time difference data to output an average
value t, of the delay time difference data and a signal that
indicates completion of averaging. The time.delay setting
.sighal~output section 149, when the signal indicating
completion of averaging is éntered from the time delay
difference averaging circuit 148 bf the preceding stage,
operétes in the same manner as the time delay setting signal
output section 92 of the first embodiment. Namely, using the
formulas (22) and (18), the output section 149 calculates tl,

and t2;, and output them. When tl;, and t2; are outputted, the



in the case where the randomwal k filtering section 77 is not wused, the
timng phase control interval setting section 64 is operated as follows to
further enhance the characteristics of the timng recovery section 5A
Nanely, for the [err] output pul se coqhqg_fron1the timng phase contro

I nterval setting section 64, the [err] "output pulse for pull-in of.short
period T[err] [synbols] and the [err] output pulse for steady state of

| ong peri ttimé[ delpy[ seoltdbel 68AcapdepBeperfpim konsrrpusuch thatAnbeyat e
81 indicates pull-in at logic "0", the tim ng phase _control interval
setting séelgpntémecdiffiesenge peiny fit sand ob2pdis slimimatgd ag ik of
the AND gate 81 indicat steady state at logic "1", the interval setting
section 6ENBUEREES ?ﬂ@oﬁgWPPtoutput pul se for steady state. In this

L 8 SR R e, R

lowjitter ch nhance di fference

bet ween tagtggﬁghiggﬁgﬁp§ghbl?Egoggvﬁéﬁgggmg?egiﬁglhgetge&@bng side and the

receiving side Is ation of timng phase due to the

devi-at i OncofkthtitR8nPBES ehdUghh8et Bontratk ghaneiegc deltarimaninigequency
devi ati on caused by line disconnection or during no-signal - tine is at a

| evel notsattdohi 6§ bift ther dirs&t emboldmanteshownc int FEGs| dck Base

oscillation frequencx : . . i
difference lies in that the line disconnection signal
averaging circuit 652 is provided which averages the output
of the AND gate 79 when the AND gate 81 outputs "1" that
indicates steady state at time point (e) of FIG. 32. As
shown in FIG. 32, when steady state is resumed, the symbol
frequency component quantity is reset to "0" by the filter
reset signal every time phase control is performed. If the
same operation as that of the first embodiment takes place,
the symbol frequency component quantity goes.Selow the
threshold value for recognizing line disconnection every time
phase control is performed, the comparator 78B in the phase
control quantity determining section 651 erroneously
determines that line disconnection has taken place.
Therefore, the line disconnection'signal aVeraging circuit
for averaging the output'of the AND gate 79 is provided in
the phase control quantity determining section 651 of the
second embodiment of FIG. 68.

If the output of the AND gate 79 is "1", an operation to
Teset the symbol frequéncy component quantity to "O" by phaée
control or a line disdonﬁédtion may have taken place. If the
symbol frequency component quantity has been reset to "1",

the AND gate 79 outputs "1" less often. If the line



devi ati on neasuring section 85A and the automatic frequency

-82- control signal generator 85B are not required. |In this case, if the
AND gates 79 outputs logic "1" indicating line disconnection, the selector
82 outputs neither the UP O signal for,instructing phase |eading nor the
DOMN O signal for instructing phase Féb jing. On the other hand, if the
timng phase deviation due to the clock base oscillation frequency

devi at i ondistsenedyibnnhadi saReneplaoca, othduANDggate- F9goaltputee "aff ect s
the bit error rate characteristic, then the clock base oscillation

f r equencymoie® i aften. neiherefigresecthe ohinsAdisgonnecidpongtionaly equency
control signal generating section 85B are required. ~~ In what follows,
operatioﬁ%V%Fag%@gc¢B€Rubgs@52o@@???ﬁ?iBanFéﬁuéﬁthagviaﬂioﬁsheasuring

151 cunoaputteds (PE FhacEindcla RIFHI AR, ARPoogReer 20 oHIBHYS he ™ nput
ter i nal 8obeoadhs QUEDHInOEathS SYOUigaChQtelilnbd tAGETYHAled by the

accurul at or conpose
disconnection has taken place, outputting the signal

indicating the occurrence of line disconnection. The
selector 82 uses the output of the line disconnection signal
averaging circuit 652 as a select signal. Arranging the line
disconnection signal averaging circuit 652 in the rear stage
-of the AND gate 79 realizes a normal phase control operation
during line disconnection in the second embodiment.

Thus, in the second embodiment, the difference ih delay
time between the détecting-sections that occurs with
diversity, thereby preventing the deterioration of bit error
rate caused by delay fime difference and the deterioration of
synchronization characteristic. Further, because the timing
recovery section 5B operates based on the two pieces of
baseband reception. phase data outputted from .the sampling
sections 3A and 3B instead of the output of the diversity
section, any diversity scheme (selective synthetic diversity,
equivalent gain synthetic diversity or maximum ratio
synthetic diversity) can be uéed. |

As with the first embodiment, the phase detecting
sections 62A and 62B in the timing'recovery section 5B can
efficiently extract the symbol frequency component from the
baseband reception phase data regardless whether the input
signal is of random pattern or preaﬁble pattern. The

filtering sections 63A and 63B filter the symbol frequency



the register 120. The accunul ating operation is perfornmed in the steady
state in which the jitter in the phase control data indicated by the

out put of the conparator 122 is low. |If the clock base oscillation
frequency deviation is "0" as shown iﬂﬂfa) of FIG 24, the output of the
adder 119 jitters around "0". T+“The clock base oscillation

frequency on the receiving side is |lower than that of the sending side,

t he regerpmpicttbnts i sErdn el Pretkd detédtigy phastidns | 62A ngnd
Therefore, for the phase control, a value over "17" occurs .nore often than
a val ue B@Bw '"THe .filster rastput sdleatinytsectiomel 4@ deeriooms ntinings
while jittering as shown in (

-83-  Fl ghaze aonfrakdased fCPI% Hg%|%v@tb1as<ef ogleeﬂﬁal_et%ﬁiweﬁ%h%?n on the
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conventionally practiced. Further, because timing phase

' controllis performed based on the timing phase difference
data outputted from the integral filtering. section 74A at the
time of pull-in or based on the UP and DOWN éignals outputted
._ from the random walk filtering section 77 in steady staté,_
the timing recovery section 5B can realize high-speed pull-in
characteristic and low jitter chafacteristic.
Moreover, in steady state, the symbol frequency

component guantity outputted from the integral filtering

segtion 74A is used for reliability information while the

phase control based on the random walk filtering section 77

is performed, so that the difference in delay time between

the detecting sections 2A and 2B can be measured with

precision. The phase control quantity determining section

651 detects line disconnection from the symbol frequency

component quantity in steady state to perform predicted

control at the time of line disconnection as with the first

embodiment, so that timing:éynchronization caﬁ be maintained

during line disconnection. |

Thus, the timing recovery section 5B realizes high-~speed -
pull-in characteristic and low jitter characterisfic
regardless whether fhe input.signal is of random pattern or

preamble pattern. Further, even in a poor line condition



119 is proportional to the clock frequency deviation quantity.

Therefore, the clock frequency deviati on neasuring section 85A checks to
see if control in positive direction or negative direction for one step
(in this case one step = [err]/16 radian) of ADerr] occurs in how much
synbol time (TS synbol). At the ti me~®#11ine di sconnection, the selector
82 outputs the- AFC DOM signal and the AFC UP signal coming fromthe

autorratiecﬁaequcaawtxﬂxﬁdw@énm@éi@ac@@s;!emﬁﬁ? The control in
the positive direction or the negative direction is perforned in the TS

synbol pesyrchrosization icen (g mdintdined, tht shobdd benvot&fiethat
required for the control for one step is: TS[err] = t[err]/ADerr]
. (19)the compgrenrts t¢rngkl fubing [the | timingyrecevery sectiop RRat
foll ows, an qperation for obtalnlng&the synbol _ tinme TS[err] according to

the for m@ap (B®)inplemented ¥ | $imp eﬂi’&"??%r?}r?‘élﬁﬁi’al nchat oy aq}gl ue

f the UR 121 by, th t
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convert ergy! %%Liégg)t 2sgl We é%%%??Zﬁvgﬁﬁﬁgﬁpéaeg“bﬁSi‘e conparator 124

wi th the output e regl ster
In this second embodiment, the number of branches of the

diversity receiving aﬁparatus K = 2. It will be apparent
that.K may be any natural number higher than 2. The
-diversity-receivihg apparatus having K sets of branches
receives signals by K sets of antennas and converts K sets of
received.signalé to K sets of baseﬁand phase signals
respectively tb output the converted signals. The diversity
receiving apparatus comprises K sets of detecting sections
for outputting K sets of received signal powers, K sets of
time delay sections provided with K sets of delay.times tl1,;
through tK; for eliminating the delay time differences of the
K sets of .detecting sections, K setQ-of sampling sections for
- outputting K sets of.baseband reception phase data sequence
Y,, a diversity section for outputting détefmination data
sequence by using K sets of baseband reception phase data
sequence ¥, and K sets of received'signal powers, a timing
-.recovery section, and a Nyquiét point extracting section.
The timing recovery section comprises K sets of phase
detecting sections, K sets of filtering sections, a time
delay difference measuring section for outputting K sets of
delay times tl1l; through tK; by using the timing phase
difference data of K sets of filtering section outputs and

symbol  frequency component quantities, a filter output



-84- found greater is outputted fromthe conparator 124 to be witten to
the register 125. The value outputted fromthe conparator 124 is a nmaxi mum
val ue of ADout absolute values fromstarting of the circuit operation to
the current point of tine. Therefore, %f shown in (c) of FIG 24, the
value outputted fromthe conparator T%27 ncr eases gradual | y. The bit
shifter 128 outputs "1" when the operation starts and nultiplies this

val ue by skd®ich PRMEIsEVEEYihdg Mhet FELBaE PG S&68LbheoaopRer RAPInG2¥nei Ses.
Let the nunber of rising edges of the output of the conparator' 127 be RN,
t hen outgreatestesBgiel rfrequeney bcomponéntrgualdtityaeff theoissets of
BS[err] = 2[err] ... (20) The conparator 127 conpares
BS[ err] ol tering SRETIPN  PatPeEIp a7 dPloRse 2gontFol hauanEhtly of the
conparator 124 js, found greater than BS[err], the, conparator 127 outputs a

| ogi ¢ " 1'detegining SeqHion, d phase | R ERApaPEEHEoR 27300 e F%‘B?‘EQ" 1" :

e e i e e s o e D ot BY e
a power, the djyi@iOpréfent embodiment, the diversity receiving "
apparatus using n/4 shift QPSK modulating has been described.:
" It will be apparent that the present embodiment is also
applicable to diversity receiving.apparatuées using other PSK .
modulating schemes such as QPSK modulating and BPSK
modulating as well. as other modulating schemes than PSK -
modulating. Namely, the present embodiment is applig?ﬁié to
any diversity receiving apparatus using a modulating ;éheme
in which the.phase jitter of a received signal hés a
periodicity and the timing phase is synchronized with that

period to extract information data.

Embodiment 3:
«....In the.third.embodiment; a diversity . receiving apparatus. .. . . .
.based on the diversity for receiving signals by K = 2
antennas. For the diversity scheme, any of selective
synthetic diversity, equivalent gain diversity, and maximum
ratio synthetic diversity can be used. A timing recovery
section of this embodiment uses baseband reception phase data
modulated by n/4 shift QPSK obtained by quadruple
oversampling. The third embodiment realizes high—speed
timing phase pull-in éharacteristic and low jitter
characteristic without using a random walk filtering section

in the filtering section of the timing recovery section.



be realized sinply. The register 129 latches the result of the division by
the divider 126 at the rising of the output of the conparator 127. Thus,
the synbol time TS required for the control for one step can be obtained.
Further, upon detection that the output, gf the UP counter 121 is found
greater than the threshold value for T¥eGfuency devi ati on neasurenent, the
conparator 122 outputs logic "1". Wen the output of the conparator 122

becomes | ogi c FIY., 35)e 19U khilch Sonipttheryisihnfinarl b aitbse’ of tHEG UR7
counter 121, and the bit shifter 128 are all reset to "0".

85- At e dem tedby tthe @ameurefEenae u'hmer@ﬁss,t eshakdD a sblqmpt ured in
the corrected data averaging circuit 130 at the rising of the output of

t he conpadiegram»f phadiyensddy mu%fa@m@m&mms Bradnge TS, In
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aver agi ng gGlilinly LRAQAYHY! $A indicates the timing recovery section,
62A, 62B, 62C and 62D indicate phase detecting sections, 155
indicates an integral synthetic filtering section, 156A and
.156B indicate“filtering sections, and 65A indicates a.phase
control quantity determining section. '

FIG. 36 is a block diagram illustrating a constitution
of the integral synthetic filtering section 155. 1In the
figure, reference numeral 155a indicates a first even—number
sequence synthesized symbol frequency component data 1nput
terminal, 155b indicates a first odd-number sequence
synthesized symbol frequency component data input terminal,
155c indicates a phase control complete signal input
terminal, 1554 indicates a second even-number sequence

. synthesized . symbol frequency component dataoinput terminal,
155e indicates a second odd-number sequence synthesized
symbol frequency component data input terminal, 155f%
indicates a regenerated clock input terminal, 157A and 157B
indicate .frequency converting sections, 158A and 158B
indicate symbol synthesizing sections, 1592 and 159B indicate
integral filtering sections,'lﬁoA and 160B indicate symbol
frequency component quantity calculating sections, 161A and
161B indicate adders, 162 indicates a phase difference
calculating.section, 163 indicates a synthesized symbol

frequency component gquantity calculating section, 155g



frequency deviati on neasurenent conplete signal fromthe output termna
85e. The circuit 130 also outputs the average value of the TS with an
averaged sign signal attached to the nost significant bit fromthe output
term nal 85d as frequency deviation caorrected data. The foll ow ng
descri bes the above-nentioned operatidﬂ@4‘by using an exanple in which the
out put val ues of the adder 119 are averaged in a jittering manner to be

reduced t @ni¥eateyTROkIming PphatletRiFFeriove idata Gutdut AlerniinalTOERd |
the threshold for frequency deviati on neasurenent of "35" is assuned.

(D, (E), 1868 (RpichtElsGa ZymbodwfirelmencyalcompéBlert jquantittye dutipughi ft er
128, the output of the conparator 127, and the output TS of the register
129 respetermdnpl.Therefore, value (28/16) is captured in the corrected

data averaging__circuit 130 at the rising of the OUBfUt of .t he conparat or
122" shown i n F&-ofi0x &N ¥bich, Gomponents, simidas o dhose G ftd-ed from
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-and 156B in the third embodiment. In the figure, 156a
indicates an asynchronous even-number sequence synthesized
symbol frequency component data. input terminal, 156b
indicates an asy@chronous odd-number-sequencé syhthesized
symbol frequency component data input. terminal, 156c
indicates a-fi§§a'SYmbol clock input. terminal, 1564 indicates
a fixed quadruéie symbol clock input terminal, 74B indicates
an integral filtering section, 156e indicates an synchronous
timing phase difference data output terminal, and 156f |
indicates an asynchronous symbol frequency component quantitf
output terminal. _

Operations of the third embodiment of the invention will
- be described. First, the overall operation of the fhird

embodiment will be déscribed. As with the second embodiment,
the detecting section 2A, the time delay section GOA, and the
sampling section 3A provide quadruple-oversampled first
baseband reception phase data of branch 1 and a received
signal power of branch 1. The detecting section 2B, the time
delay section 60B, and the saﬁplihg section 3B provide
quadruple-oversampled second béseband reception phase data of
branch 2 and a received signal power of branch 2. Resolution
of the baseband phase data is 5 bits. As with the second

embodiment, the diversity section 4 uses baseband reception



-86- and the regenerated quadruple frequency clock phase such that the
timng phase difference becones "0" and, upon conpletion of the control,
out puts the phase control conplete signal. The foll ow ng descri bes
operations of the tinme del ay dlfferenﬁggcalculating section 67. First,
principles of operation will be descritfed. The tine delay difference

cal cul ating section 67 is applied when the selective synthetic diversity
section 6phaseudetadputiplittielde firoms ¢hie senipddinge siecticins feland t3Breand
di fference obtained by subtracting signal delay time T[err] in the

det ect i ngreceived sBgnidopovegsabidensh brsach eomingh fnem ddeecting
section 2A be & rr], then the Nyquist point is deV|ated b err] tine
every tinBetge ﬁ@ﬁ §®Pﬁéﬁpﬁgzﬁa BRale. PGE#?EHM nal ¢ Qﬁthe
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o e P se1eh iy SRRt e BT sy, "Rt yRaKE B Aytinetid T
di ff
U by e B BEb e S e il kot 16l Shkhbd t.nﬁ% 5 ek ihg €VerY
cal cul ati pges %%Lta@sﬁi%eabbals@sanhh%@abﬂow adid RN G dudiide by  usi ng

the phase contiol data outputted fromthe phase control quantity
det erm ni ng seerheOEamQﬂ.mgi sectdon BCngapipdes dhe aedetiardd pHiise aetange

val ue outputted from the time delay section 60A by using a fixed
clock for quadruple-oversampling generated by dividing the
osciliator frequency of the receiving apparaéus. Unlike the
sampling section 3A, the sampling section 3C samples the
received phase data by the fixed clock, so that the sampling
section 3C outputs first asynchronous baseband reception
phaseldata quadruple-oversampled and not in synchronization
with Nyquist point. The sampling section 3D also samples the
received phase data outputted from the time delay section 60B
by using a fixed clock for éuadruple—oversamplingIgenetateq
by dividing the oscillator frequency of the receiving
- apparatus to.output”sedond asynchronous baseband reception
phase'daﬁa quadruple-oversampled and not in synchronization
with Nyquist point.

The timing recovery section 5C uses the baseband |
‘reception phase data outputted from thé sampling sections 3A
and 3B to perform timing regéneration and controls the
regenerated quadruple frequency clock phase such that the
baseband reception phase data at Nyquist point positions are
sampled by the sampling sections 3A and 3B like the first
embodiment. The timing recovery section 5C outputs a

regenerated clock for extracting Nyquist point data from the



"16" is outputted as the phase control data PD. For exanple, when the
branch has been switched from1l to 2 and the Nyquist point is |ed by
2[err] x ([err]/T) [radian], phase control works such that- the timng
phase is |led. Nanely, a value smaller than "16" is outputted as the phase
control data PD until the timng pha§é26Tfference becones "0" again. Wen
the branch has been swtched from2 to 1 and the Nyquist point is delayed

by 2[err] synthesikéd) bhsadarll reBBpseofiophage \@altes cutputived from the

-87- the timng phase is delayed. Nanely, a value greater than "16" is
out put t eddaverBetphseetiont 40/ Harah&b, uthel tiimdngt mecoyexlyaseatiidneSéhce
becones "0" again. Consequently, the delay tinme difference [err] is
expr essedcabcuhetesr ausdgphal) deparonimendififerencgel betmeen) thenotes an
average value of the accunulated value of A at the tine when branch z is

sel ect ed dgRACtRBIURPELEPNBePA] 2pd BBr PY/ B61PBadPEn PSYRARON IS ent
The f of | oRPREPARSCFRGEREARE RRPOR. SBFL REMLPN TABM, fRey RLing, |7
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and t2; for eliminating the delay time difference. The
Nyquist point extracting section 6, as with the first
embodiment; extracts, by using the regenerated clock coming
from the timing recovery section 5C, Nyquistfpoint data from
the output of the diversity section 4_and outputs the
extracted Nyquist point data. |

The time delay sections 60A and 60B, as with the first
embodiment, set the number of shift register stages to 1 to
mx according to the delay time setting signals tl; and t2;
respectively. In the initial state until the delay time is
calculated, the number of shift register stages is set to .
mx/2. ‘The relationship between the delay'time setting signal
t,; -and- the -shift  register stages setting value m; is
determined from the above-mentioned formula (4).

The following describes operations of the timing
recovery section 5C. As with the second embodiment,
guadruple-oversampled baseband reception phase data outputted
from the sampling section 3A are entered in the phase
detecting section 62A. The phase detecting section 62A
outputs the first even-number sequence synthesizéd symbol
frequency component data and the first odd-number éequence
synthesized symbol frequency component data. .The quadrupie—

ovérsampled baseband received phase data outputted from the



the average value of "16" is outputted as the phase control data PD from
the input termnal 67a. If the clock base oscillation frequency sent or
recei ved has a deviation, the average of PD deviates from"16", so that
the delay tinme difference [err] cannot_be calculated nornmally. For this
reason, the AFC UP signal and the AFCl signal outputted fromthe
automatic frequency control signal generating section 85B and the

f r equencys4ifyl frig FedEbon I Z3Edie COTPELEQ £hJBRE phHapet Bedechiag t he cl ock
base oscillation frequency deviation nmeasuring section 85A are entered in
t he frequeschiareVv62Bi orTlet | phase cedeteatingesectiong62Bcoubpu8® fthem t he

I nput termnals 67b, 67c, and 67e respectively. The frequency devi ation
el i nmi nat e¥ecand eYRMIURber sequenrse ssyathesized syebolt fuequenclie
frequency devi ation_elimnated data.ggner ting section 87 fromthe phase

control RRAMPIFLHtIFTR ARG MRS FELENQPRATRUMPET BRAUGBFEGEYRIEPRSIZ®Sei ng
af fected 0 e ' ti frequency devi ation.: The
above- rren%xndénge.% %%%‘f%‘?‘%ﬁsc%ﬁcﬁﬁ%%é eés)?:?l' bed in nore '

- 88- The integral synthetic filtering section 155 obtains

timing phase data and a symbol frequency component quantity
by using the first even-number sequence synthesized symbol
frequency component data and the first odd-number sequence .
synthesized symbol ‘fregquency component data éoming from the -
phase detecting section 62A and the second even-number
sequence synthesized symbol frequency component data and the
second odd-number sequence synthesized symbol frequency
component data coming from the phase detecting section 62B.
The following describes the operétion to be performed by the
integral synthetic filtering section 155 with reference to .
FIG. 36. |
In FIG. .36, the first even-number sequence synthesized
symbol . frequency component data coming from the inpﬁt
terminal 155a and the first odd-number sequence synthesized
symbol frequency component data coming from the input
terminal 1555 ére entered in the frequency converting section
157A. The frequency converting section 157A performs
generally the same operatioﬁ as that of the frequency
convertinglsection 72 of the first embodiment to convert the
symbol frequency component to a direct-current component, .
outbutting first complex direct-current component data. The
second even-number sequence synthesized symbol.frequency

component data coming from the input terminal 155d and the



detail. The frequency deviation el i minated data generating section 87
starts opera cwhen. t he frequency. devi ation neasurenent conpl ete signal
—=eeni ng from*the i nput-term nal 67e i ndi cates t he. conpl etion of frequency
iation neasurenent. At this noment,.jf an instruction for advancing
the: cl ock phase by t.he AFC UP si gnal |%2 ntered, the frequency deviation
.elimnated data generating section 87 outputs "15". Conversely, if an
i nstruct isecdnd ciid-ayimisert heequenek shetitedlzed esyrito DAeguenay i s
entered, the frequency deviation elimnated data generating section 87
out put s 'component dlaka ceming fremsthe | inp@y terpinal "1%5e gpe subtractor
86A subtracts the output_ of the frequen ¥#deV|at|on ellnlnated dat a

generatlﬁ@@ﬁﬁﬂq(ﬁPEﬁhqrfFEQ4ﬁP$¥mERPYEFI g segtion 157B. | {Thee pase
i1l at f th di h th t,of th
Cecel vi nd Haaens FAmERL g FeEtth HTh Perodis senErel If ife s o
that th foot t |
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i nstruct dnie MAelay idmhdd indipe [dl SEhwBE 6chd NOHRBOL efreduency S periodical ly
outputted anong "16" fromthe frequency deviation elimnated data

gener at'i Rprpridmn {1 .a |ditdiet-autrermt | conpaipietc Yowtmitolng i s@abnd
generating section 85B
complex direct-current component data.

_ The. symbol synthesizing section 158A.performs.generally
the same operation as that of the symbol synfhesizing section
73 of the first embodiment to synthesize the first complex
direct-current component data every symbol, outputting the
first symbol in—phase coméonent and the first symbol

| orthogonal component. The symbol synthesizing section 158B
performs generally the same operation as thét of the symbol
synthesizing section 73 of the first embodiment to synthesize
the second complex direct-current component data every |
symbol, outputting the second symbol in-phase .component and

- the second symbol orthogonal component.. The integral.
filfering section 159A filters the first symbol in-phase
component and the first symbol_orthogonal component through
generally the same operation perforﬁed by the integral'

. filtering section 74 of the first embodiment, outputting the
first integrated in-phase data and the first integrated
orthogonal data. The integral filtering section 159B filters
the second symbol in-phase componeht and the second symbol
orthogonal component through generally.the same operation
performed by the integral filtering section 74 of the first

embodiment, outputting the second integrated in-phase data



operates normally, the average val ue of the output of the frequency
deviation elimnated data generating section 87 natches the average val ue
of the phase control data. Consequently, the val ue obtained by subtracting
by the subtractor 86A the AFC DOMN si gf&l fromthe phase control data
jitters around "0". i - 89- If the
base oscillation frequency on the sending side is |ower than that of the
recei vi ng andl &hep o Hintdgriated S tHdishdD d£eg. t he tim ng phase, so
that the average of the phase control data with a jitter indicates a val ue
‘lower than "16he Isyrbols fiormspierndye cdapdierst g;wdnt:st:er:telcmﬂ.atnng nst ruct

t he advancing of the timng phase. Therefore, "15" s periodical

out put t ed seesHen 1604 penfiaras ganexradly dde samm Qﬂ@#ﬁ%ﬁ%cﬁ%aﬂaat of
generating_ section 87 |f the automatic freguenc controJ si gnal
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phase data and the first integrated orthogonal data. The
symbol frequency componént gquantity calculatingféection 160B
.calculates the second symbol  frequency componeﬁt quantity -
from the second- integrated in-phase data and the second
integratéd orthogonal data. If the phase control complete
signal coming from the input terminal 155c¢ indicates that
phase éontrol has been pgrformed, the integral filtering
section 159A loads the first symbol frequency component
quantity into the first integrated in-phase data to reset the
first intégrated'orthogonal data "O" as with the integral
filtering section 74 of the first embodiment. Likewise, if
the phase control complete signal coming from the input
terminal 155c.indicates that.phase control has been
performed, the integral filtering section 159A loads the
second symbol frequency component quantity into the second
integrated in-phase data to reset the second integrated
orthogonal data "O". |

The adder 161A adds the first integrated in-phase data
outputted from the integral filtering section 159A to the
second integrated in-phase data outputted from the_integral
filtering section 159B to output the result to the phase
difference calculating section 162 and the synthesized symbol

frequency component quantity calculating section 163 as



subtractor 86A the AFC UP signal fromthe phase control data also jitters
around "0". As nmentioned above, the subtractor 86A outputs the
signal that jitters around "0" w thout being affected by clock base
oscillation frequency deviation. If th ﬂelay time difference [err] occurs
and branch switching takes place, ge occurs in the output of the
subtractor 86A. Nanely, - when the branch has been switched from1l to 2 and
t he Nyqui syntheshkzelcadtelyaZpdr ih~-phager dhta). [ Tad adderphdls adds ol
works to lead the timng phase, so that the subtractor 86A tenporarily
out put s athegfirss iategranedlOrhbogbnhﬁgdphaseuapht¢ﬁdn¢50mb¢©enes "0".
When the branch has been switched from?2 to and the Nyqui st point |ags
by 2[err]1Rt?9§P@]f?}tFF&BQaﬁFCtﬁﬁasésgéoﬁpr§Few§PF9nFoi&§P§Fa¢ﬁé timng
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section 162 and the synthes;zed symbol frequency component
quantity calculatiﬁg section 163 as synthesized integrated
orthogonal data. |
The phase difference calculating section 162 performs
generally ‘the same.operation.as that of . the éhase difference
calculating section 75 of the first Embodimgnp'to calculate
timing phase difference data.from the'synthggiied integrated
orthogonal data and the synthesized integra;éd in-phasé data,
outputting the result from the output terminal 155g. The
synthesized symbol frequency component quantity calculating |
section 163 performs generally the same operation as that of
the stbol frequency“component guantity calculating section
76 of the first embodiment to calculate the symbol frequency
~component quantity from. the synthesized integrated ofthogonal
data and the synthésized integrated in—éhase déta, outputting
the resulf from the output terminal 155h.
The operation of the integral synthetic filtering
- section 155 will be described more specifically with
reference to FIGS. 38(A) thfough 38(F). These figures show
the initial pull-in operation of fhe_timing recovery section
5C. In the figures, the vector between the first integrated
in-phase data and the first integrated orthdgonal data
outputted from the integral filteriﬁg section 159A is

indicated as "159A output” (refer to FIGS. 38(A) and 38(D)).



signal comng fromthe input termnal 67d, the serial-parallel converter
88 divides the result of the accunulation into accunul ated val ue SU1 when
branch 1 is selected and accunul ated val ue SU2 when branch 2 is sel ected.
The averaging circuit 89 averages the accunul ated value SUL and the
averaging circuit 90 averages the acctfflTated val ue. SU2. The subtractor 91
subtracts the output of the averaging circuit 89 fromthe output of the

aver agi NGrrd R tior® bdteddPttdid) ddtorie! Byeddritat fforsiidse [®dtd .ardde
averaging circuits 89 and 90 start operating when the frequency deviation
nmeasur enegie GEGUral drsiegyrtdd drttagoridie datep| @itmpantisdd feem utleerent .- When
the averagi ng has been perforned sufficiently, the circuits 89 and 90 each
out put a igitpgral tfiditaning sestione EHH|ia indigatadrag)i TP AGERrth the
average value. The tine del%¥ setting output section 67 obtains tl[err]
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synthesizing section.output" (refer to FIGS. 38(C) and
38(F)). |
It is assuméd that "159A output" and "159B output"
immediately before the fiig;'phaSe control be given.as shown
in FIGS. 38(A). and 38(B)@ifﬁhe "integrated value synthesizing
section 6utput" presents é?value obtained by adding two
“values for every orthogonal component and in-phase component.
Therefore, its vector becomes a sum of the vectors indicated
in FIGS. 38(A) and 38(B). The angle of the vector of
"integrated value synthesizing section output" becomes the
first timing phase difference A®,, and the length of the
vectof-of~”integrated valﬁeusynthé;izing section output”
becomes the symbol frequency component quantity. When the
first phase control has been performed and the phaée control
complete signal comes, each symbol frequency component
" gquantity is loaded into the ihtegrated inéphase.data of the
integral filtering-sections:159A and 159B and "O" is loaded
into the integrated orthogonal data. Therefore, the vectors
"159A output," "159B output," and "integrated wvalue
synthesizing section output" are rotated in the direction of
the arrow indicated by broken line.

It is assumed that, subsequently, the symbol frequency



occurring. (A in FIG 26 indicates the phase control data entered from
the input termnal 67a. In this exanple, the phase control data com ng
fromthe input termnal 67a are initially obtained fromthe data com ng
frombranch 1. Since t he ba 2oscrllatlon frequency on the
sending side is higher than that on t receiving side, "17" is outputted
as the phase control data nore than "15" by one every 6 synbols so that
phase contompohenpeghantidies bel kgpthactunmulgtedaand "IS0Aavartpye"val ue is
16. 17, which is higher than "16" although involving a jitter. It is
assurmed t and, "369Bi putpat” 'medianreﬂryubedore sm seconflr phalseagontrolo

branch 2. Imediately after the sw tching, N%QUISI poi nt | ags by [err]
=3 [[errPPlGlVﬁﬂléﬁ]SheUﬁsé&ugﬁﬁﬁy,33&9)t?ﬁﬂnéaﬁ ovelReqecithgn Vegkor
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38(E). The second timing phase difference becomes second
timing phase difference A6,, and the length of the vector of
"integrated value synthesizing section output" becomes the
‘symbol frequency component quantity. The timing recovery e
sectioﬁ'sé repeats these operations to pull in timing phase,
upon which the apparatus is put in steady state. '
Thus, based on the baseband reception phase data, the
phase detectlng sections 62A and. 62B, the frequency
converting sections 157A and 157B, the symbol synthesizing
sections 158A and 158B, and the integral filtering sections
159A and 159B are provided for each branch independehtly,.in
which the integrated in-phase data and integrated orthogonalm
data of eacﬁ branch are added to obtain timing phase
" difference.... Therefore,. even if the.in-phase or integrated ...
orthogonal data coming from one branch are lost by phasing or
the like, the timing phase difference can be obtained from
the in-phase and integrated orthogonal data coming from
- another branch. This constitution prdvides the timing
recovery section 5C that is’hardly affected by phasing and
noise. |
The phase.dontrol_quantity determining section 65A uses
the timing phase difference data and symbol frequency
component quantity outputted from the integral synthesizing

filtering section 155 tb operate generally ih the same manner



shown in (A) of FIG 26. Fromthe time TB to time TC at which the
branch is switched from2 to 1, the phase control data are outputted wth
"17" outputted nore than "15" by one every 6.synbols again (the average
value 16.17). At the time TC, the hyqui§$ point leads by [err] = '
3[[err]/16 radian]. Because the tirn'ng'1 Bcovery section perfornms control
such that the timng phase difference 3[[err]/16 radian] becones "0" from

the tine & the pRAYE CONEFrOUEquahtetySAE¥erminlihgr skbanonl6s of aher age is
outputted as the phase control data fromthe tine TCto tine TD at which

t he ti m nfipstsembodimenhscedbtenmining” phasehoantroh @akaef FhE 26.
Subsequent to the tinme TD, "17" is outputted nore than "15" by one every 6
synmbol s alatervaheof attring Phasaeccostro) is set byciheetimdnghRbe@seont rol

data are affected, by cl ock . , ) . © -92- Dbase
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the data are outputted from the phase control quantity
determining section 65A. Like the first embodiment, the
phase control section 66 controls the clock phase by using
the phase control data to output the phase control complete
signal, the regenerated clock, and the regenérated quadruple
frequency clock.

The fdllowing describes ‘the phase detecting sections 62C
and 62D and the filtering sections 156A and 156B provided for
measuring a delay time difference. First asynchronous
baseband reception phase data quadruple-oversampled coming
from the sampling section 3C is entered in the phase -

 detecting section 62C that operates on a fixed clock four
times as high as_the symbol rate. The phase detgcting

. section. 62C operates .in generally the same manner as the
phase detecting section 62A of the first embodiment by using
the first asynchronous baseband reéeption phase data to
output first asynchronous even-number sequence. synthesized

.. symbol. frequency component data and first odd-number sequence
synthesized symbol frequency component data which are not in
synchronization with the Nyguist point of the received
signal. . |

The quadruple-oversampled second asynchronous baseband
reception phase data comihg from the sampling séction 3D are-

entered in the phase detecting section 62D operating on a



timng phase from advancing are outputted as the AFC UP signal as shown in
(B) of FIG 26. Consequently, "17" is periodically outputted fromthe
frequency deviation elimnated data generating section 87 anong "16" as
shown in (D) of FIG 26. The subtractﬂi 86A subtracts the output of the
frequency deviation elimnated.data g€ ‘+hting section. 87 shown in (D) of
FIG 26 fromthe phase control data shown in (A) of FIG 26 to output data
shown i n fiRedfcid¢k Which Thes@ioney bBS Sbe@rntime$FasohighCGas2€het he out put
of the adder 86B is a val ue obtai ned by accunul ating the data shown in
(E) of FIlsgmirfl rate. TWeimgtthehseecond d#$mchréh@is2Basebandfected by the
delay tine difference [err] = 3[[err]/16 radian], so that the output shown
in (F) ofregeptimn phaserdaks. the phase detegitagesecthan €RB data shown
in (F) with branch 1 sel ected. The avera.%gg circuit 89 captures the

out put " FENATIYESS Gfeqe ?%%P??ﬁﬁﬁﬁ%ﬁé? %W%egmf?gﬁ?ﬁﬁffron1branch 1to
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clock and operating like the filtering section 63 of the
first embodiment, the filtering sections 156A and 156B obtain
. asynchronous timing phase difference data and asynchronous
symbol frequenéy component quantity. by using the asynchronous
- even-number sequence synthesized symbol frequency component .
data and the asynchronous odd-number sequence syﬁthesized '
frequency component data coming from the phase detecting
sections 62C and 62D.

The operations of the filtering sections 156A and 156B
are basically the same as that of the filtering section 63_of
the first embodiment. A difference lies in that no random

.walk filtering section is provided and each component
operates on the fixed clock. As shown in FIG. 40, the
frequency cdnverting section 72 multiplies the asynchronous
even-number sequence synthesized symbol frequency component
data coming from fhe input.tefminal 156a and the asynchronous .
6dd-number sequence synthesizéd symbol frequency component
data coming from the input terminal 156b by the frequency
component of the fixed symbol clock in generally the same
manner as the first embddiment. The resultant data, namely
an asynchronous complex direct-current component is entered

in the symbol synthesizing section 73. The symbol



out put of the averaging circuit 90 indicates approxi mte "3".
Consequently, the subtractor 91 subtracts the output of the
-93- averaging circuit 89 fromthe output of the averaging circuit 90 to

output the delay tinme difference [err] .=."3". In this exanple, the tine
del ay setting signal output section 97133Tbsti t ut es [err] = 3 into the
formulas (22) and (23) to output value tl[err] =1 and t2[err] = -2 for

el i m nat i ggnthesdeiny tedeiofleyBasyAtheSiRek bathngohpbaenlt Fod oiecr I ]
obtained by the time delay setting signal output section 92 into ti of the
formul a $@Erbohnbpbusingt hbenfiibed oloegki Likeeghet édrstagabodipent. and
nm2[err] that constitute the tine dela¥ sections 60A and 60B. The mi[err]
and n2[err] eabf whthethenfirstnembedimantihether Antgorst. fiAkeringhe nunber

of stages of each_shift_ register is sef to a desjred,value, the difference
bet ween tﬁ%95+ﬁﬂa72§efi}t?gﬁeth?naFXECEEPQBPFnSYQbE i GR~PR88/d that in the
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| data and integrated orthogonal data. Unlike the integral

filtering section 74 of the first embodiment; however, the
integral filtering section 74B.has no capabilities of loading.
the symbol frequency component quantity-into'the integrated
in-phase data and loading. "0" into the integrated orthogohal

data at the time of phase control. Consequently, the vector -
rotation control based on the phase contfol comﬁlete signal
is not performed. lThe.integral filterihg section 74B keeps
accumulating symbol frequency components while maintaining a
vector angle without being affected by phase control. The
phase difference calculating section 75 performs generally
the same operation as that of the first embodiment to obtain
timing phase -difference .data A6H ffom.thewasynchronous .
integrated in-phase data and integrated orthogonal data. ' The
symbol frequency component quantity calculating section 76
performs generally in the séme manner as that of the first
embodiment to obtain an. asynchronous symbol frequency
component from the asynchroﬁous integrated in-phase data and
integrated orthogonal datgﬁ

The wvector indicatéd by solid line qf FIG. 39 is one

example of the integrated in-phase data and integrated
orthogonal data outputted from the filtering section 156A

that operates based on the-data coming from the phase



select-after-detect- diversity is elimnated. This realizes a diversity
recei ving apparatus that can prevent bit error characteristic and
synchroni zation characteristic frombeing deteriorated due to delay tine
difference. In addition to calcul ating the delay tinme difference as
menti oned above, the timng recovery~” #tion 5A provides a foll ow ng
advant age. The phase detecting section 62 in the timng recovery section

SA can efddtdctiny Sadtsn 6NC Sy Ee BFrSNIENLYsL@EPONERE véEesEt he
baseband recepti on phase data regardl ess whether the input signal is of

random pairidircated e dnidleempalires of THEG. {39t £si one sezamphe 68£f theéers t he
synbol frequency conponent comng fromthe phase.detecting section 62
t hrough dmtegnatad|iniphase dataland sirtegrated opbhegonalfdatace and a

-94- synbol frequency conponent quantity. At thg same time, the filtering
section itgBHs e ARRM stheh fhkkering ispetion 1708t ERatuPReERRest Raseynbol
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Use of aé@%ﬁ@"‘% 'féiéé.r tﬂgeéﬂ@fe aié O%é@cﬁegé@ﬁeen the clock
base oscillation frequency on the sending side and that on
.the receiving side, the vector angle of A6H, [radian] and the
. vector .angle of A6H, [radian] of FIG. 39 maintain certain
values. '

If a deviation of fx.[Hz] odcurs between the clock basg
oscillation frequencies on . .the sending side and the receiving:
side, the vector anglé between the above-mentioned angles
becomes ABH, + 2nfxt [radian] (where t denotes time in
seconds). Thus, even if a deviation occurs between the clock
base oscillation. frequencies on the sending side and the
receiving side, the angle between the two &ectors presents a
constant value THO = A8H, - A6H,.

1f a difference t occurs between the signal delay time
in the detecting section 2A.and the signal delay time in 2B,
the difference between ABH, and A6H, presents a value other
‘than a constant value. Therefore, the delay time difference
T between the detecting section 2A and the detecting section
2B is obtained by measuringzthe angle difference TH6 (=A6H, -
AeH,) betweeh the two vectors.

The time delay differénce calculating section 141
operates in generally the same manner as the second
embodiment to output delay time setting signals tl1l;, and t2,

by using the timing phase difference data A®6H, and symbol



the circuit scale as nentioned before. The phase control quantity

determ ning section 65 determ nes whether the <current tinme is in pull-in
state, steady state or line disconnected state. Then, the phase control
guantity determ ning section 65 can shorten the timng phase control
interval for phase pull-in state and eﬂéﬁgate the sanme for steady state,
thereby increasing timng phase pull-in speed and lowering the jitter in

steady stgt&quéteyN@bmpbA&nkhgasnteePt bakplitdati Eyroflethenithl kgraagt i on 65
can obtain a” send/receive clock frequency deviation to perform predicted
control agettdendisS6Anandtthe timihg phhse HhéEfelrenceadatai ABHg andi ng
synchroni zati on even during line disconnection. Based on the

f unct i onssphibebnfoeguescyonempenentgqupntitynpugprustedefyomeéheon 5A, the
same can realize high-speed ' '

€ € Ehase puII-in,characteristli ang,IOM/ itter
for the |fbliteripgngectigar 4PeBs vHNebpdy. t AB heetivme felayy ﬁFﬁ&F@@Fﬁ or
pr eanbl e tern,  thereby, mi I ni.ng, timng synchroni.zation,, even.in such
a poor 1i%%iE%%ﬂF%PSns?ﬁﬁf°ﬂa$5€a8§egPﬁn re%??%oﬁﬂégaﬁgﬁptFuFPﬁe??lPﬁé
above- neni}oned. nt n | {.ze ' e dinght al agkf.CUItTY, SO
fhat 1he FHiF StEEERABED S TaTobRELhER, bt Qubkerclifig rite! 21 abbECl Y0 0
circuit A8A! irtSatd YedrmIA ULy HsBdad BE T'. And t is used for
averaging as a valid valﬁe only when the symbol frequency
component quantity.outputted from the filtering section 156A..

and the symbol frequency component quantity 6utputted'from i

the filtering section 156B have both exceeded a threshold -

value for delay. time measutement. The tl;, and tl, are
obtained from the averaged value. When the tl1l, and t2, ha;é
been outputted, the delay sections 60A and 60B perform
control to eliminate the delay time difference by using the
tl; -and t2; as with the first embodiment.
' Thus, in the third embodiment, the delay time differepce
is measured by the phase detecting sections 62C and 62D and
the filtering.sections 156A and 156B operating on the fixed .
clock. Therefore, regardless of the timing phase control
operation, the delay time difference can be obtained from the
timing phase difference data A6H, and A6H, and each symbol
frequency component quantity.f.Because the integrated in- .
phase.data and. integrated orthogonal data of each integral
filter are not reset to "0" as with the second embodiment,
the delay time difference can be measure more accurately in
the third embodiment than in the second embodiment.

As mentioned and according to the third embodiment, the

delay time difference between the detecting sections 2A and



- 95- In the present enbodi ment, the nunber of branches of the
diversity receiving apparatus K = 2. It will be apparent that K nmay be any
natural nunber higher than 2. The diversity receiving apparatus having K
sets of branches receives signals by K sets of antennas and converts K
sets of received signals to K sets of-13frseband phase signals respectively
to output the converted signals. The diversity receiving apparatus

conpri sepK @ale Gdkdetipriddnnasctdpisrsiey D8t esédi 88nKosebstainegcei ved
signal powers, K sets o time delay sections provided with K sets of del ay

tines tl[msrd addurarsly Kiledn | i othel satond i aabodimertay Elftminatienences
of the K sets of detecting sections, K sets of sanpling sections for

out put t i ref Keleetdeldy btdmd aditif ferente prevents ddetestorabten ofeth¢, a

sel ective synthetic diversity section for selecting a,  value of the highest
recei ved By RIT0ERte IR Rr skl andideteriegabhe® ?Ecepti on phase

R O PN A S R X

timng . difference. 'The timing recovery section 5C operates by using
the two baseband rgception ﬁhase data outputted from the |
sampling sections 3A and 3B without using the output of the
. diversity section 4 as with.the second embodiment. .
Consequently, the timing recovery section 5C can operate for
sure regardless of the scheme (seléctive:synthetic,
equivalent gain synthetic or maximum r§£fo synthetic) used in
the diversity section 4. i |

The phase detecting sections 62A and 62B in the timing

recovery section 5C can efficiently extract the symbol
frequency component from the baseband reception phase data
regardless whether the input signal is of random pattern.or
preamble pattern és with the first embodiment. - The integrai
synthetic-filtering section 155 has. the frequency converting
'section 72, the symbol synthesizing section 73, and the
integral filtering section 74B for each branch to synthesize
the output of each integral -filtering section 74B for éach of
the orthogonal and in-phase components, obtaining the timing
phase difference data and the symbol frequency component
quantity. Consequently, the timing recovery section 5C that
is hardly affected by phasing and noiée. The phase control
quantity determining section 65A detects line disconnection
from the synthesized symbol frequency component Quantity and,

if line disconnection has ‘been detected, performs predicted



recovery section, and a Nyquist point extracting section. The tine delay
difference calculating section of the timng recovery section uses the
sel ect-after-detect signal and the phase control data to output del ay
times tl[err] to tKlerr] for K sets of delay tine differences. In
t he present enbodi nent, the diversity‘ﬂ@%@iving apparatus using [err]/4
shift QPSK nodul ati ng has been described. It wll be apparent that the

present eshREEAENAsi §iBhStheappré€abhBodoméh¥er SCoiisequentilny aamdhgt uses
usi ng other PSK nodul ati ng schenmes such as QPSK nodul ati ng and BPSK

nodul at i ngymshmnehizatiohheannbduhainbgineficavent GaniRgKline
-96- nodul ating. Nanely, the present enbodinent is applicable to any
diver si t ydiscenneéagiappar at us usi ng a nodul ating schene in which the phase

jitter of a received signal has a periodicity and the_ti n1n% hase. is
synchr oni zed mTP%SthEPe piring FBCQY?F&cFe?FFéPnﬁFl pRadizgs E%bgagﬁﬁnt'ZL

In the second,e

dlverS|tys?%$dr% %?%1 Bié Sﬂa?gg%éc&¥:£e%§évgﬂg tggpiggtgitggsed o the
characteristic in steady state regardlgss of whether the
input signal is of randdm pattern or preamble pattern.
Further, even in a poor line condition that may cause line
disconnection;.timing_synchronization:caﬁ.be maintained. It
should be noted that the;components:constitﬁfing the timing
. recovery section 5C tan be implemented by simple digital
circuitry. That isjathe'timing.recovery section 5C can be
: reélized by digitai.circuitry than can be easily implemented
on LSI. |
In this third embodiment, the number of brancﬁes of the

diversity receiving apparatus K= 2, . It.will be apparent
that K may be any natural number higher than 2. The
diversity receiving apparatus having K sets of branches
-receives signals -by K sets. of antennas. and converts K. sets. of
received signals to K sets of baseband phase signals
respectively to output the converted signals. The diversity
receiying apparatus comprises K sets of detecting sections

- for outputting K sets.of.received signal powers, K sets of
time delay sections provided with K sets of delay times tl;
.through tK, for eliminating the delay time differences of the
K sets of detecting_sections,_K sets of sampling sections
operating on the regenerated quadruple frequency clock for
outputting K sets of baseband reception phase data sequence

Y,, K sets of sampling sections operating on the regenerated



2 antennas. For the diversity scheme, any of selective synthetic
diversity, equivalent gain diversity, and maxi mum ratio synthetic
diversity can be used. Atimng recovery section of this enbodi nent uses
baseband recepti on phase data nodul at by [err]/4 shift -QPSK obt ai ned by
guadrupl e oversanpling. In this second™enbodi nent, an integral filtering
section for initial pull-in and a randomwal k filtering for steady state
are used quddibsléi Fteguegey S€Téclonsodf otitputtihggKr sebgevy section. In the
first enbodinment, the object of the present invention can be achieved

wi t hout ussymchienousdoasebahd f réception sphasendata segueneeold enbodi nent,
however, use of the randomwalk filtering section is indispensable.

FIG 27 i#vershty orpehien sfer wetputbing odetermination data 8Rguencsy t he

of '3 i vavE | G50% GRS 4PF o SEEra TRCPALL o PRRSS : A5En oBe8u808R, Yoot fon -
di ver si tySREoR ERCE cof  HpbiVed St [ESHEER Co THIRLAY, £acbPOles O° O
i ndi cat e plagfodel 8641 AINFEE1 S 50188 exBPEcE88y | 8dE€8bR. il tering
sections, 140 indicates a Tilter
' The timing recovery section comprises K sets of phase
detécting sections operating on the fixed clock, K sets of
filtering sections, K.sets of. phase detecting sections.
opgrating on -the. regenerated quadruple frequénéy clock, K .
.sets of frequency converting sections, K sets of symbol
Jiﬁnthesizing'sections, K sets of integral filtering sections,
Nk sets of symbol frequency component quantity calculating
sections, a phase difference calculating section, a
synthesized symbol frequency component calculating section, a
phase-control‘quantity_determining section, a phase control .
-section, and-a'timing phase control interval setting sectiqn.
In'the present embodiment, the diversity receiving
apparatus using n/4 shift QPSK;modulating has been described.
It will be apparent that the present embodiment is also
applicable to diversity receiving.apparatuses using other PSK
moduléting schemes such as QPSK modulating and BPSK |
-modulating as well as.other modulating schemes than PSK .
modulating. Namely, the présent embodiment is applicable to
any diversity receiving apparatus using a modulating scheme
in which the phase jitter of a received signal has a

periodicity and the timing phase is synchronized with that

period to extract information data.



-97- output selecting section, 651 indicates a phase control quantity
determ ni ng section, 66A indicates a phase control section, and 141

i ndicates a time delay difference neasuring section. FIG 28 shows a bl ock
diagramillustrating a constitution of %ﬂg time delay difference neasuring
section 141. In the figure, ref erencehtheral 14la indicates a first

synbol frequency conponent input termnal, 141b indicates a second synbol
frequency Enbgaimesrit ieput terminal, 141c indicates a first timng phase
difference data input termnal, 141d indicates a second tim ng phase data
i nput termn nalin e\ foulithtewbediment, ta ndiversi/tyli fécetvitngdat a out put
section, 141B indicates a phase subtracting section 141C indicates a tine

del ay di f faRaRatus kaged iop the dbrersityfon smerelving seignaleaby K =
conparators, 144 indicates an D gaje, 145 indicates_a subtractor, 146
i ndi cat es 2P SRR v %%ﬁﬁ#*% Fea P g?e??gﬁﬁgil?ﬁdi cates a
L, el SRS AU ARGk e 8L WL gL, A8 it
signal outiilyd YR e1 Vil £ BLRIEE uSed SCORIeiniRg dpbaYyvasy! i Ng
signal output termnal .-

section of this embodiment uses baseband reception phase data

modulated by n/4 shift QPSK obtained by quadruple

oversampling. The third embodiment realizes high-speed

timing phase pull-in characteristic and low 3itter

characteristic without using a random walk filtering section

in the filtering section of the timing recovery section.

FIG. 41, in which component similar to those of FIG; 35
are denoted by the same reference_numerals, is a block
diagram illustrating a constitution of a diversity
communication apparatus including a timing recovery section
5D according to the fourth embodiment. In the figure, 4A_
indicates a diversity section. In the timing recovery
section 5D, reference numeral 165 indicates a symbol
frequency component synthetic filtering section. FIG. 42, in
which component similar to those of FIG. 3 aré denoted by the
same reference numerals, is a block diagram illustrating a
constitution of the symbol frequency component synthefic-
filtering section 165. In the figure, reference numeral 165a
indicates a branch 1 side weight factor W, input términal,
'165b indicates a second even-number sequence synthesized
symbol frequency component data input terminal, 165¢
indicates a second odd-number sequence synthesized symbol

frequency component data input terminal, 1564 indicates a



FIG 29, in which conponents simlar to those of FIG 3 are denoted by the
sane reference nunerals, shows a block diagramillustrating constitutions
of the filtering sections 63A and 63B. In the figure, reference 63m
indicates a filter reset signal input1 Elninal and 74A indicates an
integral filtering section. FIG 30, Trn“whi ch conponents similar to those
of FIG 6 are denoted by the sane reference nunerals, shows a bl ock

di agr am ibtasd r2it shde awebghiti facton Wi irput itermindl fil66K) nY66BLt i on 74A

in the second enbodi nent of -98- the
i nventi ork66G and 1660rindicate cnuktipkiens, 7and LAdAcands187BiIter reset
signal input term nal and 95C indicates a selector. FIG 31 shows a

bl ock di atprdFe¥re R4IEFPng a constitution of the filter output selecting
section 140 of . the _secon odinent _of the_jnvention. |ln the figur
et er ence numSRFTSEEERE fp caE ceehEorpey bYrshe " FPLEEE, epBotdfisaiort it
quantity JORgd éfiﬂé&?J1L%éththé8§éﬁé émﬁﬁ&?ﬂgnt§yEﬁebu§heQ“?”Cy
conponent  quantity I nput termnal, C Indicates a tirst timng phase
di fferencetdPeing e686H6n 24, a time delay section 60A, and a
. sampling section 3A, quadruple-oversampled first baseband
reception phase data of branch 1 and a first received signal
power of branch 1 are obtained. Through a detecting Section'
2B, a time delay section 60B, and a sampling'section 3B,
quadruple-oversampled second baseband reception phase data of

branch 2 and a second received signal power of brand 2 are

obtained. A resolution of the baseband phase data is 5 bits.

The diversity section 4A uses baseband feception phase
data outputted from the sampling sections 3A and 3B and
feceived signal powers of each'branch coming from the '
detecting sections 2A and 2B to perform signal processing by
selective synthetic diversity, equivalent Qain synthetic
diversity or_maximum ratio synthetic diversity, outputting
the'synthesized baseband reception phase data. The diversity
section 4A also uses the'received signal power of branch 1 to
obtain reliability of the first baseband réception phase data
to output the obtained reliability as the factor W,.

Likewise, the diversity section 4A uses the received signal
power of branch 2 to obtain reliability of the first baseband
reception phase data to output the obtainéd reliability as
the factor W,. The higher W, and W, indicate more reliable

baseband reception phase data respectively. It should be



140d indicates a second timng phase difference data input termnal, 140e
I ndicates a first UP signal input termnal, 140f indicates a second UP
signal .input terminal, 140g indicates a first DOM signal input termnal,
140h indicates a second DOM signal inpput termnal, 150 indicates a
conparator, 151A, 151B, 151C, and 151D1E¥ﬁicate selectors, 141i indicates
a timng phase difference data output termnal, 141) indicates timng

phase di fhet&dCEN&E} atnat ﬁaétoi:erw;i rld W4hay bedobtiadhed Bykaly frequency
conponent quantity output term nal, 141k indicates an UP signal out put

t er m nal , imforfdthonnthatt provide\Nthe gnelisbipityt ofnithel basebandlhe
foll ow ng descri bes operations of the second enbodi nent of the invention.
First, theecsrtien phasatdakacpf eachsbranabewbsbpuEnusdngl the descri bed.
The detecting, section 2A, the tinme delay section 60, and the sanpling
section 7€YY 1Rl sBA¥®Eperations as those perfornmed by the

Counternar L a4 A ShecRESS Eikaas LRES 88, SEAREEAR porRIsH g phese

branch 1 g4, bt atRedredbfved phase data outputted from the time delay
section 60A by using a fixed clock for'quadruple—oversampling
generated by dividing the oscillator frequency of the
receiving apparatus, outputfing first asynchronous baseband
reception phase data quadruple-oversampled_aﬁa not in
synchronization with Nyquist point. The sampling section 3D
also samples the received phase data outputted from the time
delay section 60B by ﬁsing.a fixed clock for quadruple-
oversampling genérated by dividing the oscillator frequency
of the receiving apparatus to putput second asynchronous
baseband reception phase data quadruple-oversampled and not
in synchronization.with Nyquist point. -

The timing récovery section 5D performs timing
regeneration by using the baseband reception phase data
outputted from the sampling sections 3A and 3B and the
factors W; and W, outputted_f:om the diversity section to
control the quadruple regenerating clock phase such that the
baseband reception phase data at Nyquist point positions are
sampled in the sampling sections 3A and 3B as with the first
embodiment. Further, the timing récovery section 5D
generates a regenerated clock for extracting Nyquist point
data from the synthesized baseband reception phase data
coming from the diversity section 4A. In addition, as with

the third embodiment, the'timing recovery section 5D



-99- detecting section 2B, the tine delay section 60B, and the sanpling
section 3B perforns the sane operations as those perforned by the
counterpart of the first enbodiment. Therefore, baseband reception phase
data quadrupl e-oversanpl ed of branch aéacia.recelved si gnal power of
branch 2 are obtai ned. The diversity section 4 uses baseband
reception phase data outputted fromthe sanpling sections 3A and 3B and
recei ved sajoallapese theodidfderencendetweemehe csigriwl disltayes | tignesecitn ons
2A and 2B to perform signal processing by selective synthetic diversity,
equi val entthgadetegihing: isectdions i pnst %&ﬁmwm itthes aaynahronpusersity,
outputtln thengﬁnthe5|zed baseband rece t|on hase data. The resolution

of the ba ZeCePLN ghgs& tdétlai Tow the RARERY The

h
oL pUt t ed SPESHOPRE SSn B 5o SRR %Zenﬁﬂa%&eﬁ i SR R e
regener at g 4ad #oatcokiishbeinsCen eaeiggt Qi alegelenguency cf ock phase

such t hat hase receptl ase a at Nyqui st point positions are
sanpl ed Ilke Hmef igAd 1mnbxtr3&ﬂngﬂ§&ﬁmp\aer3as SECEH Gthadl so

outputs a regenerated clock for extracting
first embodiment, extracts, by using the regenerated clock
coming from the timing recovery section 5D, Nyquist point
data froﬁ the output of the diversity section 4A and outputs
the extracted Nyquiét point data. The time delay sections
60A and 60B, as with the first embodiment, set the number of
shift registér stages to 1 to mx according to the deléy time
séttiné signals tl, and t2; respectively.

The following describes operatibns of the timing
recovery section 5D according to the fourth embodiment of the
invention. As with the third embodiment, guadruple-
oversampled baseband reception phase data outputted from the
sampling section 3A are entered in the phase detecting
section 62A. The phase detecting section 62A outputs the
first even-number sequence synthesized symbol frequency
component data and the first odd-number sequence synthesized
symbol frequency component data. The quadruple-oversampled
baseband received phase data outputted from the sampling
section 3B are entered in the phase detecting section 62B.
The phase detecting section 62B outputs the second even-
number sequence synthesized symbol frequehcy component data
and the second odd-number sequence synthesized symbol

. frequency component data.

The symbol frequency component synthetic filtering



Nyqui st point data fromthe baseband reception phase data after synthesis
of the output of the diversity section 4. Further, as with the first
enbodi nent, the timng recovery section 5B cal cul ates an input/out put
delay tine difference between the detecting sections 2A and 2B to out put
delay tinme setting signals tlferr] and-} err] for elimnating the delay
time difference. The Nyqui st point extracting section

-100- 6, sagtwion 1% dbitadinss Hiadinge PhasX (diFtdredie Wt 4P a regansT at ed
clock comng fromthe timng recovery section 5B, Nyquist point data from

t he baseb&requensyt icomponesyt dmisatitit dy asilrgesite diigstt tesceriqrombidre

diversity section 4 and outputs the extracted Nyquist point data. The tine
del ay sesequence)syatrhesizedsywbcd tirequangy ganpanantk dafa and  nunber

ci gnal o  FLERY CanUIPE PASPER (I GosiAbd (RYIhoh (HEAGUAnE unti | {he

e BB A M B s S LR TS

t2[err] a@%At, h‘%he- second even-number sequence synthesized symbol
frequency component data and second odd-number sequence
synthesized frequency component data outputted from the phase
detecting section 62B, and the factors W, and W, outputted
from the diversity section 5A. | SR

In what follows operations of the symbol, frequency
" component synthetic filtering section 165 w:.tfx ‘reference to

FIG. 42. In FIG. 42, the multipliers 166A and 166B multiply
the first even-number sequence synthesized symbol frequency
component data coming from the -input terminal 63b and the
first odd-number sequence synthesized symbol frequency
component data coming from the input terminal 63c by the
factor W; that indicates reliability of the received phase
data of branch 1 entered from the input terminal 165a.  The
multipliers 166C and 166D multiply the second even-number
sequence synthesized symbol frequency component data coming
from the input terminal 165b and the second odd-number
sequence synthesized symbol frequency component data coming
from the input terminal 165¢ by the factor W, that indicates
reliability of the received phase data of branch_ 2 entered
from the input terminal 165d. The adder 167B adds the output
of the multiplier 166B to the output of the multiplier 166D

to output the result as total odd-number sequence symbol

frequency component data.



shift register stages setting values mil[err] and n2[err] is obtained from
t he above-nentioned fornula (4). The foll ow ng descri bes operations
of the timng recovery section 5B. The baseband reception phase data
quadrupl e- over sanpl ed outputted fromthe sanpllng section 3A are entered

I n the phase detecting section 62A. . Thed46ronstituti on of the phase
detecting section 62A is the sane as the constitution of the phase

detecting sectirfB BpelrAtibas bier the SPRBIOTE Freduehty cdmpbaBnequent |y, t he
phase detecting section 62A perforns the sane operation as with the first

enbodi mensyhehettipufifllitextingysectiohel 6Scgoe far wilit besdeseripedolin
frequency conponent data and first odd-nunber sequence synthesized synbol
frequencydetapdnwith geferenite basEBGRd48scepni FAGphASe dadaindicates

quadrupl e-over sanpl ed outputted fromthe sanpling section 3B are entered
in the phé§e°&§?§§tPﬁgt§§cPP§ﬁGGQBteFﬁéngc§ﬁ§FFP&tﬁ@ﬁ én the praseh

detectin ctio 2 al.so e ._sane as th onstitut. of the se
detecting ggEfIOEBS §8§1cates %Re factor % %h Sbranch Eﬁg

first e”bQQhEBQEegfaglghtautcggsﬁﬂgeBhE¥e hg%eEQQES section 62B on the
branch 2 side. (D) indicatee.the factor W, on the branch 2
side. If the signals become as shown in (A) through (D) of
- FIG. 43, the total ‘odd-number sequence symbol frequency
component data outputted £rom the adder 167Blbecome as shown
by broken line of (E) of FIG. 43. The total even-number
sequence symbol frequengéicemponent data outputted from the
_adder 167A become as shown by solid line of (E) of FIG. 43.
It should be noted that, in (A) and (C), the solid line
indicates the even-humber sequence synthesized symbol
frequency component data outputted from each comparator,
while the broken line indicates the odd-number sequence -
synthesized symbol frequency component data outputted from
each comparator. The scale along the time axis in the figure
denotes a unit of symbol period, T indicating a symbol
period. | |

This example shows that the even-number. sequence

synthesized symbol frequency component data and odd-number
sequence synthesized symbol frequency component data
outputted from the comparators in the phase detecting
sections 62A and 62B are partially distorted by noise and
phasing. Intrinsically, these symbol frequency component
data should draw a correct sine wave at symbol period T. At

locations where the even-number sequence synthesized symbol



detecting section 62B perforns the sane operation as wth the phase
detecting section 62A to output second even-nunber sequence synthesized
synbol frequency conponent data and second odd- nunber sequence synthesi zed
synbol frequency conponent dat a. The first even-nunber sequence

synt hesi zed synbol frequency conponenﬂ4&ata and first odd-nunber sequence
synt hesi zed synbol frequency conponent data outputted from the phase

det ect i ngreaghbABy6é6mpbAchtt @8 hAdl 8Ref bAlehuMBerseghithesé28d The second
even- nunber sequence synt hesized synbol frequency conponent data and

second oddymbobefregagnepceonpohénti datasgrbolistegtedcy factpese, amda
outputted fromthe phase detecting section 62B are entered in the
filteringWsendigagsgrelplivaistiawivakuest indicatingrikat sthei ons 63A and
63B of FIG 29 are generally simlar. to that of the filtering section 63
in the fiFetiabipdtyneft the reeeivedTRionpit 48 A§¥secti ons 63A and 63B

di ff ' | ' fil ' ' 63.1 he i I
[i 1 1oring soct FBR P4APHECOR EBRSPRRaE: gRLagciodoRRorhoR RaRgpn the' M 7L

fi1tering sect FBR PURPHES®S ¢ ul oF BaET B
| mpul o reEphace Ly piag tARLAlERy, ThAT GBIFIER, 4IRS Iakbcted B e ©

| r'st odi nment I S an accunul at or

having a tisé&ed, 3T, and 5T to 6T at which the value of factor W,
drops. However, even if the output of the phase detecting
section 62A on the branch 1 side and the-output of the phase
dete@ting section 62B oh the branch 2 side afe partially
diétgrted, the distortion can be mitigated by synthesizing
bogﬁfthe outputs. (E) of FIG. 43 indicates the total even-
numger sequence symbol frequency component data and the total
odd~number sequence symbol frequency component data obtained _
by simply adding the output of the detector shown in (A).to
the output of the detector shown in (C), without using the
weight factors W; and W,. When a comparison is made between
the signal of (E) and each of the outputs of (A) and (C), it
is seen that the signal of (E) has a mitigated distortion and
has an enough symbol frequency component. If the addition is
pefformed after weighting each of the outputs of (A) and (C)
by factors W, and W,, the distortion is mitigated still
further, providing a clear symbol frequency component.

As described above, the symbol frequency component
synthetic filteriﬁg section 165 provides diversity effect
simply by adding the detector outputs. together without
performing weighting by factors W, and W,. Consequently, the
distortion may be mitigated to a certain degree without using

factors W, and W,. In this case; the accuracy of the



Consequently, this constitution |lowers the phase follow ng characteristic
I n steady state but reduces circuit scale. The follow ng describes the
operation of the integral filtering section 74A. A synbol orthogonal
conponent entered in the input termnal 74a is accunul ated by an

accumul at or - —148- -102- conposed .of the
adder 94a and the register 96A. Likew se, a synbol in-phase conponent

entered i gehBeaitBAUEyBbTl F2bghéacy Sompomantalied sumewhads Wowelt itHArCi r cui t
conposed of the adder 94B ang the regi ster 96B. These accunul ati ng

oper at i onshateoffietther sgabol firequencyd componente genighdiesd byc | fimektoors d¥,ed i n
the input term nal 74b. The sel ector 95A selects the output of the
adder 94Aand Wpor ripwevem, tas cshewn imcFIC} edZedtBeghpputoterseinadpst er

96A. If the _phase caontrol conplete signal entered fromthe input termna

74e i ndi c4b8S ERd: 19SS endoRRROMURSIPRASHS OB GREPUAMAESE SR 95A
o Cagh b REe 8" Aper BRSO EA U e R oL o
achieved. Further, in this case, the adder 167A may only add
the first even-number sequence synthesized symbol frequency
component data to the second even-number sequence synthesized
symbol frequency component data and the adder 167B may only
add the first odd-number sequence synthesizeé symbol
'frequency component data to the second odd-number sequénce
synthesized symbol f:equency component data.

The frequency converting section 72 outputs complex
direct-current component data by using the total even-number
sequence symbol frequency component data outputted from the
adder 167A and the total odd-number sequence'symbol frequency
compohent data outputted from the adder 167B. As with the
first embodiment,'thé symbol synthesizing section 73'
synthesizes the complex direct-current component every one
symbol to generate a sfmbol in-phase component and a symbbL
orthogonal component. The integral filtering section 74
filters the symbol in-phase éoﬁponent and the symbol |
orthogonal component to generate_integrated-in—phase data and
integrated orthogonal data. The phase difference calculating
section 75 calculates timing phase difference data from the
integrated orthogonal data and the integrated in-phase data
to output the result from the output terminal 63h. The
symbol fregquency component guantity calculating section 76

uses the integrated in-phase data and the integrated



96B. If the phase control conplete signal entered fromthe input termna
74e indicates that phase control has been conpleted and the filter reset
signal entered fromthe input termnal 74h instructs to reset the register
96B to "0", the selector 95C outputs "0" to the register 96B. If the phase
control conplete signal entered from t#d% nput term nal 74e indicates that
phase control has been conpleted and the filter reset signal entered from

the i npUtof@ﬁB’%&ﬁhﬂéQtﬂoﬁé cQQ&u!LQ%Er ¢ak E9mbRlcirreldRienty SoffpoReRt 0 " 0",
t he sel ector 5C out puts a synbol frequency conponent quantity entered

fromthe gaantitgr ahdabu¥gdtt ehehgamagifzbar theBoutput téimiswriled3dr.s 95A
and 95C each have the Iimter capability for overflow prevention. Wen

out puts of theThedtémingiphase 8iBfanencexeanddsgmbodr daequemcoyed st ored
threshol d, the sel ectors 95A and 95C divide the val ues of adders 94A and
94B by a @@mPGPﬁnFaﬂﬂénEiﬁgfGPEPBEFﬁétfFﬁQ the symbol frequency

-103- these val ues t.hen _ the dIVIdI operati on can

e eresretaet e evhEne LS S Pt ROL S he 108 156° ot peateciE 3he
|nplenentsgaggsbéxtr§§ aHQM91£9 determining section 64A. The phase

control quantity determining section 64A determines phase
control data as with the third embodiment. The phase control
data are entered in the phase control section 66 at a time
interval set by the timing phase control interval setting
section 64. As with the first embodiment, the phase control
section 66 controls the clock phase based on the phase
control data to output a phase control complete sign&l, a
regenerated clock, and a regenerated quadruple frequency
clock.

The operation for measuring a delay time difference is
the same as that in the third embodiment. Namely, tl1; and
t2, are generated bf the phase detecting sections 62C and
62D, the filtering section 156A.and 156B, and the time delay
difference measuring section 141. As with the first

. embodiment, the time delay sections 60A and 60B uses tl, and
t2; to perform control such that the delay time difference is
eliminated. Thus, in the fourth embodiment too, the delay
time difference is measured:by'the phase detecting sections
62C and 62D and the filtering sections 156A and 156B for
‘delay time difference measurement which operate on a fixed
clock as with the third embodiment. Therefore, the delay
time difference can be obfained based on timing phase

difference data A6H, and.AGHz and each symbol frequency



FIG 29, in each of the filtering section 63A and 63B, the phase
difference calculating section 75 uses the integrated in-phase data and
the integrated orthogonal data coming from the integral filtering section
74A to obtain tim ng phase difference %@La in the sane manner as with the
first enbodinent. The synbol frequenﬁﬂ onponent quantity cal cul ating
section 76 uses the integrated in-phase data and integrated orthogonal

dat a com ggmpoABhthgubhtedyalrelairidessy ofs atisd Wimddy iphadd dohtaralynbol
frequency conponent quantity in the sane as with the first enbodi nent. The
random wabgerationri ng section 77 obtains the UP signal and the DOMWN

signal in the sane manner as with the first enbodi nent and outputs the

obt ai ned si gnakB. the secppd pmpeodimphitng thiea datggradiashda-phase datn

nbol f t tit d first UP d S | '
T om the Rl LREGGTSERE, GF tH9ACERY HAESS O0RRCH HIIGITAISI IS Ao
dat a, | b Al . ti - 1 DOWN
data, secgpiesyURoLolr CUSIEL GAARSHE MU 4 AN SPARLAE g DO
filter oupRuiheSELEELHN B‘éﬁtiin%ﬁtmﬁ_ow-'é%rf,' leelseO \datid a¥el ¢t HesRCli On

140 out puts the output of the I fering seftion having the |arger sjnbol
f requencycenseqnentl gi&hlbbmbﬁrbhew&Qhrt%ba%%coﬁﬂa%hhaaﬂmaﬂt}ﬂﬁﬁalty

determ ni ng section _

delay time difference can be measured more accurately. In
ﬁhe third embodiment, the two phase detecting sections and
the integral synthetic filtering 155 obtain the timing phase
difference data and the symbol frequency component quantity
by using the two pieces of baseband reception phase data
outputted from the sampling secfions 3A and 3B. In the
fourth embodiment, howevér, the two phase detecting sections
and the symbol frequency component synthetic filtering
section 165 obtain. the timing phase difference data and the
symbol frequency component quantity. The integral synthetic
filtering section 155 and the symbol freqﬁency component
synthetic filtering section 165 both realize the diversity
effect. As seen from the comparison between FIG. 36 and FIG.
42, the circuit scale of the symbol frequency component:
synthetic filtering section 165 is about 1/2 of that of the -
integral synthetic filtering section 155. Namely,'the
circuit scale of the fourth embodiment is smaller than that
of the third embodiment.

Thus, the fourth embodiment can obtain the delay time
difference between the detecting sections that is caused by
diversity more accurately than the second embodiment can.

Consequently, the deterioration of bit error rate



Because the output of the filtering section having the 1|arger synbol
frequency conponent quantity presents a surer value, selecting the output
of the filtering section having -104-
the | arger synbol frequency conponent'ﬂé$ntity enhances the
characteristic. The constitution of thelilter output selecting section
140 is as shown in FIG 31. The conparator 150 conpares the first synbol

frequency chaFaeRer st andy/ sysifirtthizZatid CHdbtdgtal tHfPaggv th the
second synbol frequency conponent quantity comng fromthe input term nal

140b to ouvapsed by delhy ithimehdiffiferientariaan e pimanteDimrent quantity
I's found greater than the second synbol frequency conponent quantity or

| ogi c "0"edfieiengddy in the ffourthoempadiafenthe danptdven orthisd) §iming , the
selector 151A selects the first tim ng phase difference data comng from
the input TEEPNPRY SEAYEORs SDhd st PP OaRdSe TR Y chiceersddivy sehemsut put s
(ne ool ool Syt iud AIRRURY BT, 0y sty
differenc?a@ibasynthetic) used for the diversity section 4A.

As with the first embodiment, the phase detecting
sections 62A and 62B in the timing recovery section 5D can
éfficiently extract a symbol frequency component from the

- baseband reception phase data regardless wheéher the ihput
sigﬁal is of random pattern or preamble pattern. The symbol
ffequency component synthetic filtering sectioﬁl165
synthesizes fhe symbol frequency components coming from the:
branches and then obtains the timing phase difference. data
and the symbol frequency component quantity by the operation
similar to that of the filtering section of the first
embodiment. Consequently, the fourth embodiment can realize
the diversity effect while reducing the circuit scale. 1In
other words, like fhe third embodiment, the fourth embodiment
can realize the fiming recovery section 5D that is hardly
affected by phasing and noise. Further, like the third
embodiment, the phase'control'quantity determining section
64A detects line disconnection and performs predictgd cohtrol
at the time of line discpnnéction as with the first
embodiment, allowing to maintain timing synchronization even
during line disconnection.

Thus, the timing recovery section 5D realizes high-~speed

phase pull-in characteristic and low jitter characteristic in

~steady state regardless whether the input signal is of random



comng fromthe input term nal 140d as the timng phase difference data
and outputs the selected data to the output termnal 140i. |[If the output
of the comparator 150 is "1", +the selector 151B selects the first synbol
frequency conponent quantity com ng fr§n1the i nput term nal 140a as the
synbol frequency conponent quantity and %Utputs the selected quantity to
the output termnal 140j. If the output of the conparator 150 is "0", the

sel ect or JodEesr! @6t Sréfabi6cpattetit NDoFuLtREYENEYeAOTROAEPbORU A DEL Y
comng fromthe input termnal 140b as the synbol frequency conponent
guant i t y conditidmputisat hwagetassedlipandisgohnectionubpourser krimahgl40j .
The selector 151C, if the output of the conparator 150 is "1", selects the
first UP symghionbrabionroantbe mapotainedq nit shouldsbeheotedsthakl and
out puts the sel ected .. signal fromthe outgut t erm nal 1§8k. The
sel ect or A (Somponents (ePREEiERtinG thaphiuiBe ISEOVEryosecEirB PR the

I R et s R S SR TR HR L
timing recovery section 5D can be realized by digital
circuitry than can be easily implemented on LSI.

In this fourth embodiment, the numbe: of branches of the
diversity receiving apparatus K = 2. 'It'will be apparent
that K may be any natural number higher than 5. The
diversity receiving apparatus having K sets of branches
receives signals by K sets of antennas and convg}fs K sets_of
received signals to K sets of baseband phase siéﬁals
respectively to output the converted signals. The diversity
receiving apparatus comprises K sets of detecting sections
for outputting K sets of received signal powers, K sets of
time delay sections provided with K sets of delay times tl,
through tKi.for eliminatiﬂg the delay time differences of the
K sets of detecting secfions, K_séts of sampling secfions for

' outputting K sets of baseband reception phase data sequence
Y,, a diversity section for outputting determination daté
sequence and K sets 6f weighting factors W, and W, by using K
sets of baseband reception phase data sequence Y, and K sets
of received signal powers,'é timing recovery section, and a
Nyquist point extracting section.

The timing recovery section 5D comprises K sets of phase
detecting sections, K éets of filtering sections, K sets of
phase detecting sections operating on a fixed clock, a

frequency converting section, a symbol synthesizing section,



term nal 140k. The selector 151D, if the output of the conparator 150 is
"1", selects the first DOMN signal comng fromthe input term nal 140g as
the DOYWN signal and outputs the selected signal fromthe output term nal
140m The selector 151C, if the output of the conparator 150 is "0",

sel ects the second DOM si gnal com ng 1% t he i nput term nal 140h as the
DOWN signal and outputs the sel ected signal from the output termnal 140m
Usi ng t he @apomfeefrisl N tdrinly sdeston] fd as I%l/\l?\lﬁ.dﬁé’queﬁ&? Sofipéhent
frequency conponent quantltles and UP and signals outputted fromthe
filter outquéntsietyectalenkecingrsediibnt he phese dbhfifexéncpassléylating
determ ning section 651 obtains the phase control data in the sane nmanner
as wth tsectiont aphasewentiie graptl tyrdetermining rseshioperates in
the sane manner as with the first enbodi nent to perform phase control
based on tRNASHLQNEER rIRCEiAn, and (dctining Phase FoREFOL (Fatervatsity
section 4 co ares t he, received signal power of branch 1 with the received
si gnal poﬁﬁ% BISFEP™ and the timi ng recovery section perforns a timng

recovery operat reater
recei ved si gnalirgontv\% &?éé%e sec&uc?\ﬁﬁé/l?%odl rree?ﬂ%%zgg% ?#?ﬁ?gl ter
out put selaeﬁﬁdf&u%eq;éﬂ{q Tt fly CEHDBE Q?Pé!@%o&tﬂ@@iné (104141 CPEin CABOPEBAS .
quantytles of the two tering

It will be apparent that the present embodiment is also

applicable to diversity receiving apparatuses using other PSK
modulating schemes such as QPSK modulating and BPSK
modulatlng as well as other, mbdulating schemes than PSK
modulating. Namely, the present embodlment is applicable to
any diversity receiving apparatus using a modulating scheme
in which the phase jitter of a received signal has a
periodicity and the timing phase is synchronized with that

period to extract information data.

Embodiment 5:

In the fifth embodiment, a diversity receiving apparatus
based on the diversity for receiving signals by K = 2
antennas. A timing recovery section of this embodiment uses
baseband reception phase .data modulated by ﬁ/4 shift QPSK
obtained by quadruple oversampling. FiG. 44, in which
components similar to those of FIG. 1 are denoted by the same
reference numerals, is a block diagram illustrating a
constitution of a timing recovery section 5E according to the
present embodiment. In the figure, reference numeral 63C
indicates a filtering section. FIG. 45 is a block diagram

illustrating a constitution of the filtering section 63C. 1In



section outputs and determ nes the phase control data by using the
filtering section output having the greater

-106- quantity to performthe timng recovery operation. Because t he
detecting sections 2A and 2B are generall constituted by anal og devi ces,
use of |ow cost devices the received si | powers outputted fromthe

detecting sections 2A and 2B may cause a large error. In such a case, the

data betwagh #QR, A ANdESr&idle DRuREE LT PAC "DRE1 E8EESCAM YiRYegsgL eCting the
data between the branches in the nmagnitude of the synbol frequency

conponent fRlgdring asedtidn tdnd BEE oEdicabedi aesimbont Feequénoy by
selecting the data in the magnitude of the received signal power as with

t he first comporene quantity \Gakewlaving hsechdoncteristics of the tinming
recovery section 5B of the second enbodinent is better than each_of the
characteristi cFis- t4fo timivhich mrponents $HR1EAT okot Reose A ERGodPnent .

In the second enbodi pent, the output _of the AND e 8 con ng fromthe
phase cont3®ft dpRATEd \PYthe Fame reterense %‘?ﬂegﬁ?’r S4aig13‘1%§o ent er ed

in the pm%%%é%%Hrfil&§¥¥Aé¥hg a constitution of the integral filtering
section 74C in the fifth embodiment. In the figure,
reference numeral 168a indicates a filter operation stop data
input terminal and 168 indicates a wait gate generating
section. FIG. 47, in which components similar to those of
FIG..B.aqe:denoted by the same reference numerals, is a biock
diagram @fiustrating a constitution of the symbol frequency
cqmpohenf?quantity calculating section 76B. In the figure,
reference numeral 169 indicates a quadrant bit reducing
section, 170 indicates a comparator, 171 indicates a
subtractor, 172 indicates a selector, and 16%9a indicétes a
filter operationrstop:data'output terminal.

The following describes operations of the fifth
embodiment. First, the overall operation of the third
embodiment will be described. As with the first embodiment,
the detecting sect;on 2A, the time delay sectiqn 60A, and the
sampling section 3A provide quadruple-oversampled first
baseband reception phase data of branch.l and a received
signal power of branch 1. The detecting section 2B, the time
delay section 60B, and the sémpling section 3B provide
quadruple-oversampled second baseband reception phase data of
branch 2 and a received signal power of branch 2. Resolution
of the baseband phase data is 5 bits.

As with the first embodiﬁent, the a selective synthetic



66A. The out put of the AND gate 81 indicates whether the current point of
time is in pull-in state or. steady state. |If the signal indicates steady
state, the phase control section 66A outputs a filter reset signal for
resetting to "0" the registers 96A and 96B in the integral filtering
section 74A in the filtering section 63@5and 63B. Subsequently, the phase
control section 66A outputs the filter reset signal for resetting to "0"

the regisianasdidy Aabtdeh id1 Wil MR HUchAMRIP Ihaldted ndi cat es

that clock phase control has been perf orned. hus, when the
regi st er s comAngn&ErdnB the eaalplitige Wedltidnd 3N iar@ sm:tam rebeyed reset to
"0" every tinme the clock -107- phase

control i sighaddposeatse ofs gher horamehest Iwuiimgegﬁmm the detentiwt i on 74A
can cal cul ate the difference between the signal delay tinme in_ the

det ect i ngsestions 2A M %t%p@xaﬁomuség nocesfingekagehPrecti on 2B

by using the accumul at ymbaol frequency conponent quantities and the-
Y i ng ShESIeRHNE SYRETRIY Qhvers e ORI RSN g

selected baseband reception phase data sequence and a select-
after-detect signal.

As with the first embodiment, the timing recovery
section 5E performs timing regeneration by using the baseband
reception phase data sequence and select—aftér-detect signal
coming from the selective eynthetic diversity section 61'te
control the regenerated quadruple frequency clock phase such
that the.baseband reception phase data at Nyquist peint
positions are.sampled. The timing recovery section 5E also
generates a regenerated clock for extracting Nyquist point
data from the synthesized baseband reception phase data
outputted from the selective synthetic diversity section 61.
Further, the timing recovery section 5E operates in the same
way as the first embodiment to calculate a difference iﬁ the
signal delay period between the detecting sections 2A and 2B,
thereby outputting delay time interwval setting signals tl;
end t2, for eliminating the delay time difference.

The Nyquist peint extracting section 6 extracts Nyquist
point data from the output'éf the selective diversity section
61 by using the regenerated clock coming from the timing
recovery section 5E, as with the first embodiment. 1In order
to eliminate the delay time difference, the time delay
sections 60A and 6QB set the number of shift register stages

to 1 to mx according to the delay time setting signals t1,



section 77 is perform ng phase control in steady state. FIG 32 shows
a timng chart indicating the overall operations of the second enbodi nent
of the invention. FIGS. 33(A) through 33(D) and FIGS. 34(A) through 34(E)
are characteristics diagrans for describing the operations of the second
embodi nent. These figures indicate thel®tput of each integral filter at
points (a) through (i) of FIG 32 in the integrated orthogonal data (QS)

of vertic axhs 29k | egdel h a | Sy o0f;5kar kpant al axi s.
The vecto?hdiEafcatedéB@aégﬁ%ﬁg{?%egfnﬁ?@a@éga?hgig&fpéf g%QPhgagntegral
filteringsgesti efbdddmentihe filtering section 63 on the branch 1 side and
the vector indicated by broken line indicates the output of the integral
filtering sect ianwhRds& follokws,f cperatigneecf dhes3Bmimg hredoreagh 2 si de.
The length of each of the vectors provides a synbol frequency conponent
quant i ty. sectionV\RBnwipd besdeseaibedept ildkepide fimst @nhodinenin cthe

branch are entered in the timng recqvery _section 5B and t

h
oper at | ngSYPRBSFLEed: PASEDEE: SRSsgSAomPreRs dakh SRR R
toLhag .qradual ly framQ hown. | ¢
Fi gqugg-cys%%ggfgﬂ‘e’gl gymibetic diversity Zsleua&‘ﬁ%'br m.ﬁrepas,ﬁrgté)rfeoq '$h (:ﬁl}%eé?i g

that the 1},0L00aeRBRREnY LERAIBGE 643! ATk hdidy Gttt iy Bddetbn Bpcause

outputs even-number sequence synthesized symbol frequency
component data and odd-number sequence synthesized.symbol
frequency component: data. - The filtering secfion 63C obtains
timing phase difference data,.a symbol frequency componeht
quantity, an UP signal and a DOWN signal by using the even-
numbér sequence synthesized symbol frequency component data
and odd-number sequence synthesized symbol frequendy |
component data given from the phase detecting section 62 to
output the obtained results.

Operations. of the filtering section 63C will be
described with reference to FIG. 45. In FIG. 45, the even-
number sequence synthesized symbol frequency component data
coming from the input terminal 63b and the odd-number
sequence synthesized symbol. frequency component data coming
from the input terminal 63c are entered in the frequency
converting section 72. The frequency converting section 72
outputs a complex direct-current component data by performing
the same operation as that performed in the first embodiment.
As with the first embodiment, the symbol synthésizing section
73 synthesizes the complex direct-current component every
éymbol to output a symbol in-phase cpmponent and a symbol

orthogonal component. The integral filtering section 74C



-108- [err] output pulse is outputted at point (a), the phase control
using timng phase difference data [err] is perfornmed. The timng phase
difference data [err] are the timng phase difference [err] at point (a).
At this nonent, if the output of the integral filtering section 73A in
each of the filtering sections 63A amd3®3B is expressed in the vectors
showmn in FIG 33(A), the first synbol frequency conponent quantity on the

branch 1 gjfleet+8diKat §¢mBY¥1S2hlghhs8echipofibft! ahd! ka8 Shmbeacond symbol
frequency conponent quantity on the branch 2 side indicated by broken

line. Consethegbhyl comlpohefitngopbasputi fheegratedatin-phask d@atd amd he
first timng phase difference data proportional to the angle of the vector
i ndi cat edihyegoated| onthagosabwdata. Fl The3symbolTlizegueboly

conponent quantity provides the length of the vector indicated by solid

li ne. quant}ty rcalaulabingdsegtéanphfBecadrulategafasppPol | medi atel y
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timng ph@é@é and the integrated orthogonal data to output the result
from the output terminal 63i. Also, the symbol freguency
component quantity calculating section 76B sends to the
integral filtering section 74C the filter operation stop data
for stopping an infinite impulse filtering opération and

- making the filtering sectién 74C perform an accumulating'
operation. |
The following describes operations of fﬁe symbol

frequency component quaﬁtity calculating section 76B with
reference to FIG. 47. As with the first embodimeﬁt, the
selector 102 outputs data coming from the input terminal 76a
with the integrated orthogonal data convefted'to'an-absolute
value or data coming from the input terminal 76b with the
integrated in-phase data converted to an absolute wvalue,
whichever is greater. In the first embodiment, the output of
the selector 102 is multiplied by a weight obtained by the
timing phase difference data to obtain the symbol frequency
component quantity having no calculation error. However,
each of the porfiqns for wefghting requires a large circuit
scale. In the fifth embodiment, no portion for weighting is
provided. The opération of the integral filtering section
74C is controlled by using the timing phase difference data
with the output of the selector 102 used as the symbol

frequency component quéntity. As a result, as compared with



difference data [err] regarded as [err] in the fornmula (18). Then, a
rising pulse indicating that the phase control has been perfornmed is
outputted as the phase control conplete signal indicated at (G of FIG

32. Imediately after tinme point (a), the synbol frequency conponent
quantity is less than the threshold vdi58e for recognizing steady state, so
that no rising pulse for resetting to "0" the registers 96A and 96B in the

nuogral thi!eicad SGPhASHSAL) APRRIGELRLY Smehl LAiAREac N dan

i-ndi cated a nsequent | synbo requency conponent

quantity &thPBress the calculation error in the s A9-£rdgriegidy of vector)
accunul ated 1n each integral filtering section 74Ais not lost. As with

the firstcempofenenguahkétyyeat ehedifi€th embodisiendt.ed by the integral
filtering section 74A are rotated in angle "0" direction (indicated by
broken |ine of TReGEo33owing describes| opemrgtiions of rthe( dntegralsynbol
frequency conponent quantity increases gradually. Because the [err] output
pul se |sf%hFﬁﬁ%PﬁdsﬁFt#Pﬁe76§|HﬁlPE) then &iging. phése Giffenenge,gat

with reference to FIGS. 47 and 48. As described in the
description of the first embodiment, the error in the symbbl
frequeﬂcy component quantity coming from the selector 102 can
be obtained by using.the timing phase difference data..
Timing phase difference data A® indicating a_hata range of O
to 2n [radian] is expressed in 5 bits of 0 to 31 as with the
first embodiment. Let the original symbol frequency
component quantity be A,.then the relation between the
remainder from the division of A© by n/2 [radian], namely
mod(A8, n/2) and the symbo; frequency component guantity
outputted from the selector 102 is as shown in F;G} 48. As
seen from FIG. 48, the symbol frequency component quantity3
outputted from the selector 102 will not present a value
greater than the original symbol frequency component A. When
mod(A8, n/2) = 4, a value (A x cos(n/4)) indicating a largest
error from A is presented.

The timing phase difference data A8 is converted by the
quadrant bit reducing section 169 of FIG. 47 into mod(Ae,
n/2). The comparator 170 cémpares mod(Ae; n/2) with n/4. 1In
the fifth embodiment, n/4 is equivalent to "4". If mod(As,
n/2) is greater than n/4, the subtractor 171 outputs data
obtained by subtracting mod(A8, n/2) from n/2. In the fifth
embodiment, n/2 is equivalent to "8". Otherwise, thg

_ subtractor 171 outputs a signal for selecting mod(A6, n/2).



phase-difference data [err] is performed. The timng phase difference

data [err] is the timng phase difference [err] at tinme point (b). At this
nonent, if the output of .the integral filtering section 74A in each of the
filtering sections 63A and 63B is indicated by the vector as shown in

FIG 33(B), the second synbol frequencyl38onponent quantity on the branch 2
side indicated by broken line is greater than the first synbol frequency

conmponent Tﬁéag%a%@ﬁtag‘_ §he '%E@.@Ele thel 48 gnadl cRitRted Hddh |t

Consequent e timng phase differenCe data [err] becones the second
tim ng phasapadatber e70e adaka spleptr isignall .t 0 Thas ,artlee sflddowect or
I ndi cated by broken line as shown in FIG 33(B). At this nonent, the
synbol freuttpaty thepsedectedadaitay fregorvhe utputerigrmiofalt Heéb 9 ar
i ndi cated by broken |ine. | mredi ately after time point (b), phase
control i §ilperf oppratipnusitep gadee cIher@faxs,a iPDXhehfifIY from the

timng phase difference [err]. Then, as the phase caontro conpl ete signal,
a rising SEPQQiWﬁBFcaFPﬁgrﬁﬁéﬁifﬂéhﬁpaggtw FGP‘@@% ﬁggw ﬁgg? dis
ggﬁrgg;;ﬁ?fahgmﬁﬁlf)?eggéiggt %Irtopz):ﬂgr%ag)ﬁ%z%ts}('n%h%gs gl \/‘;I{gée?grenfgcogni zi ng
st eady when phase control has been performed based on the
timing phase difference data AQ, the symbol frequency
component quantity-cominé.frbm-the selector 102 is loaded in
the in-phase integralucomponent dataland'“O"’is loaded in the
orthogonal integral componeﬂt data in the integral filtering |
section 74C by the phase control complete signal as with the
first'embodiment. Because of a calculation error, the symbol ”
frequency component quantity presents a value smaller than
the original component quantity A. The selector 102 outputs
such a symbol frequency component guantity to the integral
filtering section.74C. The symbol frequency component
quantity after phase control becomes cos(xn/16)(where x
denotes filter operation stop data) times the symbdl |
frequency component quantity before phase control.
Consequently, if the fiitef operation stop data x is not O,
the symbol frequency component quantity is lost at the time
of phase control.
~ 'In the integral filtering section 74C of FIG. 46, if the
symbol frequency component quantity does not exceed the
threshold value for infinite iﬁpulse response switching,
processing is performed in which the outputs of the registers
96A and 96B are accumulated. In the first embodiment, if the

symbol frequency component quantity exceeds the threshold



-110- state, so that, in the filter reset signal indicated at (H of FIG
32, arising pulse for resetting the registers 96A and 96B in each
integral filtering section 74A to "0" is not outputted. Consequently, as
with inmediately after time point (a), the synbol frequency conponent
gquantity (the Ilength of vector) accurmi®@red in each Integral filtering
section 74A is not lost also at time point (b), the vectors indicated by

each int egaghef EbreihFdniee! iapuisd Reispbnsediswitdhinhg,hewditcting i Hf
angle "0". Al so after time point (b), the synbol frequency conponent
guant ity madeesseh ghatuzhey inAegtrale fiiditerd nge seciiidn FiCatpextfiodndg fen
[err] output pulse rises, the outputs of each integral filtering section
74A presednfindtecimpud sgs £idirewd ngn ope®s tidey An abdcis the) oudmwheydht |y,
the generally "the sane oggration as nentioned above is perfornmed, in which

t he vect ofhgnregaskezscAc2 snde 96RIAES BRI -PIisEe P End'$ 9) &YSFH ed,

Pho t1 m nYBRaZoth: PRoPEROBOAARAT o PPWedas | SIS T AOATd, and the
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multiplication by a (< 0) in the fifth embodiment. If the
symbol frequency component quantity is lost at the time of
phase control, the accumulation without the multiplication by
a (< 0) for the time equivalent to the time constant of the
infinite impulse filter equivalent to the lost symbol
frequency component quantity even if the sy@ﬁél_frequency
component quantity has exceeded the thresholé value for
infiﬁite impulse response'switchiné.

That is, in the fifth embodiment, every time phase
control is performéd, the time constant TW [symbols] of the
infinite impulse;filter.equivalent to a loss cos(xn/16) of
the symbol frequency component quantity is calculated._ In
the infinite impulse filter using a, TW that satisfies
cos(xn/16) = a™ may only be calculated. _

TW is obtained frbm the formula (25) below.

TW = log,(xn/16) see (25)

For examplé, if a = 0.98, then TW is a value shown in FIG.
48. Then, every time'ﬁhase control is performed, the
multiplication by a is interrupted for a period of time
equivalent to TW [symbol].' Consequently, the simple
accumulating operation is continued in the integral filtering
section 74C, so that the loss of the symbol frequency

component quantity at the time of phase control is



guantity exceeds the threshold for recognizing steady state at tine poi
(e). Therefore, the output of the AND gate 144 indicated at (F) of FIG

changes fromlogic "0" to logic "1" that indicates steady state. At the
sanme time, a rising pulse is generated in the filter reset signal, upon

“which the

outputs of the integral fil+tkli-ng sections are reset to "0O"

showmn in (A) of FIG 32. The phase control subsequent to tinme point (e)

per f or med
Therefore

L he UP signal and the ' DOM si gnal
cgﬁg§§§ﬁ%%#1he outputs of the integral filtering section 74A

nt
32

as
'S

to

"0" causes no trPu4ber fintedydlC Hill teRAMY istibti¥rartdad)g tHeo Bl poi nt (e),
the integral filtering section 74A accunul ates the synbol frequency

conponent

opexaitiiion fstop 'A'tangaientered £rém dhewvinput BemfiddlC168y is

rising pulse is generated in the DOM signal at tine point éf). Ther ef or e,

phase coenteredatia tdeomaitl gatejdengnafing asation gilse.

conparat o

r 150 is outputting logic "0" as shown in (l) of FIG_ 32, the

DOMN si gndiates gemeratdng seGhing AbSnaalcwasifsh TW from the filter

operation stop data:x. Then, the wait gate generating
éection 168 generates a gate signal that outputs logic nyw
for TW [symbols] after phase control as shown in (D) of FIG..
49. When the output of the wait gate generating section 168
presents logic "1", the selector 99 outputs.él"; when the
output of the wait gate. dgenerating section 168 presents logic
"0", the selector 99 ouﬁﬁﬁfs "a". Thus, the integral |
filtering section 74C switches between accumulating operation
and the infinite impulse filtering operation. It should be
noted that the conversion from x to TW can be realized by usel
of a ROM. For example, if a = 0.98, a ROM may only be
prepared. that outputs "0, 1, 4, 9, 17" as TW when the filter
operation stop data of FIG. 48 "0, 1, 2, 3, 4" are entered.

(A) through (E) of FIG. 49 indicate the operations of
the integral filtering section 74C when phase control using
timing phase difference data "13" is performed first and then
phase control using timing phase'difference data "30" is
performed in a state in which the symbol frequency component
quantity has sufficiently exceeded the infinite impulse
response switching threshold. Firét, the symbol frequency
componeht quantity calculating section 76B obtains filter
operation stop data "3" from the timing phase différence data
"13" (refer to (B) and (C) of FIG. 49). The wait gate

generating section 168 obtains "TW = 9" from the filter

ARl t he



2 side, nanely the second DOM signal. Between tinme points (e) and (f),
the synbol frequency conponent quantity is accunulated in each integral
filtering section 74A in uncontrolled state in which no phase control is
performed. It should be noted that, in uncontrolled state, sanpling by a
fixed clock is perforned. If the outpuﬂ 63f each integral filtering section
T4A innediately before tine point (f) takes a value indicated in FIG

34(B), éfaeﬂoahftaag h&tad héfve&snsatahtt he s‘.(&ﬁh@r $ndfi cBt®ng3408kiccan

obtain d| erence err] between the signal delay tine in the detécting
section 2¥yrapgrt Be[sifibalsdel 2efermeol (DYhe£APIECt 4DY .SeThen) Abring
Therefore, the tine delay difference neasuring section 141 of FIG 27 can
obt ai n t htheetayet whendlbfdéceit® Ler preben&véoagPnisymbolsdgl &hei f f er ences
of the vectors indicated by each integral filtering section 74A

i medi at elytearal efilhering sectipn Bﬁgseee*éﬁmm annagpw&}a&i&ge

The reliability of this delaé tige difference is éi nkned by the |engths
of these PRBTIELPBrs. ThReLBERHTR FﬁlaFHéPgtﬁegﬁﬁﬁﬁc Eh&eRPSsur i ng

;accuracy Ofr¥g§m9§5a¥helggfin1te impulse filtering operation until
second phase control is performed. At the time of second
phase control, the symbol frequency component quantity o

“calculating section 76B obtains filter operation stop data
"2" from the timing.phaseedifference data "30". The wait
gate generating section 168 obtains "TW = 4" from the filter
operesion stop data "2" to output a signal indicating logic
b B for 4 [symbols]. During the time when logic “1" is
present for 4 [symbols], the integral filtering section 74C
keeps performing the accumulating operation. Then, the
integral filtering section performs an infinite impulse
filteringxoperation"dufingfthe.time-when'the wait gate
generating section 168 outputs logic "0".

Thus, in the filtering section 63C according to the
fifth embodiment, the inteqral filtering section 74C
temporarily switches the infinite impulse filtering'operation
to the accumulating operation according to the symbol
frequency component quantity lost at phase cootrol to
compensate the loss. Therefore, without using the weighting
section 103 having large circuit scale as shown in FIG. 8,
the increase in jitter and the deterioration in
synchronization cheracteristics due to the error in
calculating symbol frequency component quantities can be

avoided. The phase difference calculating section 75



-112- difference, the time delay difference neasuring section 141 uses,
for averaging, the obtained delay tinme difference data as a valid val ue
only when the lengths of the two vectors, nanely, the first synbol
frequency conponent quantity and the second synbol frequency conponent
gquantity both have exceeded the predEi@?ﬁined threshol d for neasuring
delay tine. The vectors shown in (B) of FIG 34 both have exceeded the

t hreshol dedbudietey timEndEstiass B fershéat @slcdyrbomkenel integeatele, so
that the delay tine difference [err] is valid. At time point (f) of FIG
32, the tomthsgquiakedatatand theshtteyrdted DOWpbageadlata psrwithedheso
that, in the phase control conplete signal indicated in (G of FIG 32, a
rising pdsstienbedinent ttatoutpupithe xesulbl from bhenowtPRErned is
generated. At the sane tinme, because the'fhasg contr ol oigration has been

shifted tEP¥MENBhefdR onThe KRR WAL L11ELTIRY FORHICR 4HpBRPTATRS! he
Lo reastashanalay (RESSHET Aot e LN eFPEE ShpblEalBEOB
(1 bt o0, AEoRh Ml By EhmIRag T SR poi |
beconme " 1dignale! A¥bM dthd ot P dedhRSeal BeBalse the
The timing phase difference data, symbol frequency
component quantity, and UP and DOWN signals outputted from
the filtering section 63C are entered in the bhase control-
quantity determining section 65. lThe phase control quantity
- determining section 65 determines phase control data as with
the first embodiment. Then, the phase control quantity
determining sectioh outputs thé determined phase control data
at a time interval set by the timing phase control interval
setting section. 64. The phase control section 66 controls
the clock phase-based on the phase control data as:with the
first embodiment to output a'phase control complete signal, a
regenerated clock, and a regenerated quadruple frequency
dlock. |
The operation for measuring the difference in the delay
time between the detecting sections 2A and 2B is fhe same as
that performed in the first embodiment. Namely, the time
delay difference calculating'section 67 outputs tl;, and t2;
by using the phase control data, AFC UP signal, AFC DOWN
signal, line disconnection detect signal and frequency
deviation measurement complete signal outputted from the
phase control quantity determining_section 65 and the select-

after-detect signal outputted from the selective synthetic



conparator 150 is outputting logic "1" as shown in (I) of FIG 32, this
DOMWN signal is the first DOM signal coming fromthe branch 1 side.
Starting fromtine point (f), the synbol frequency conponent quantity is

accunul ated from"0" in each integral filtering section 74A. |f the output
of each integral filtering section 747A8xkes a val ue shown in (O of FIG
34 imedi ately before tinme point (g), neasuring the angl e

di fferencaigobrhiey eelctions AW iThe @in® ddiay Hectish® 4o nasld féem ence

[err] between the signal delay period in the detecting section 2A and the
signal depeyfpem ath operatictetfert ieldmeiactiong Ahe ddlawetimef the vectors
shown in (C) of FIG. 34, the value of the vector of the branch 2 becones
| ower t hadifferencesbeised on ddi;agndi 88, measurenent indi cated by broken
line circle. Therefore, the delay tine difference  [err] is, determ ned
inval i d and i s TRYE uded they Lifdhygmediment,; @s geith ¥RF £3FREout put of

CAoh, o SGhBhalnehL BheS R Aon L " 4SS g B RBHA B0 ST0ur 0 ()
detecting sections caused by select-after-detect diversity is.
eliminated, thereby implementing the diversity receiving
apparatus that can prevent the deterioration of bit error
rate characteristic and synchronization characteristic caused
by the delay time difference. The phase detécting section.
622 in the timing reéovery section 5E can efficiently extract
the symbol frequency componenf from the baseband reception
phase data regardless whether the input signal is of randém
pattern or préamble pattern, as with fhe first embodiment. |
The filtering section 63C can obtain ﬁith precision the
timing phase difference data and the symbol frequency
'component.quantity-by"avoiding~the adverse effect due to the'
error in symbol frequency component quantity by a circuit
scale smaller than that of the filtering section of the first
embodiment. As with the first'embodiment, the phase control
gquantity determining section 65 detects line disconnection
and, if line disconnection is found, performs predicfed
control to maintain timing synchronization during line
disconnection.

Thus, the timing recovery section 5E realizes high-speed
phase pull-in characteriStic and low jitter characteristic in
. steady state regardless whether the input signal is of random
pattérn or preamble pattern. Further, even in a poor line

condition that may cause line disconnection, the'timihg



in the UP signal at tine point (h). Therefore, the phase control data
becone "15", advancing the tim ng phase. Because the conparator 150 is
outputting logic "1" as shown in (1) of FIG 32, this UP signal is the
first UP signal comng fromthe branch 1 side. Starting fromtinme point
(g), the synbol frequency conponent qﬂéﬁrity I's accunul ated from "0" in
each integral filtering section 74A. If the output of each integral

filteri nreesbePP déétialicSEacyal MeiAbAYA itimihhCesydthPbniizardion.eint before
time point (h), nmeasuring.the angle difference of the vectors shown in

FIG 34(Bhoabd bétaocbtedi thateshe temppnbatseeonsitd tuttingt ithe tdatingn 2A
and the detecting section 2B. Because the vectors showmn in FIG 34(D) are
both in execceeny sectionebHotanfbe ﬂ@péy—mennred brasimplendigidiadat ed by

broken line circle, the.delay tine gerr 3 is valid and averaging is
perfonnuFl¥@u%Fﬁ¥ poTh?t(ﬁ§ thectéBipgt T8EONSEN SREEIPR SF cod |

T (B ortent Eeed by Afairdy SRRl BRxC aReR.gar, obn Semd Lup tBRgRmERFeY
-114- on 1sI. -

In this fifth embodiment, the number of branches of the
diversity receiving apparatus K = 2. It will be apparent
that K may be any natural number higher than 2. The
diversity receiving apparatus having K sets of branches
receives signals by K sets of antennas and converts K sets'of
received signals to K sets of baseband phase signals
respectively to output the converted signals. The diversity
receiving apparatus comprises K sets of detecting sections
for outputting K sets of received signal powers, K sets of
time delay sections. given with delay times tl; and tK, for
eliminating K sets of delay'time.differehces, K sets of
sampling sections operating on the regenerated gquadruple
frequency clock for outputting K sets of baseband reception.
phase data sequence Y,, a seiective synthetic diversity
section for selectively outputs a value having the highest
received signal power froﬁ the K sets of baseband reception
phase data sequence Y,, a timing recovery section, and a
Nyqﬁist point extracting seetion.

The time delay difference calculating section in the
timing recovery section outputs the select-after-detect
signal for indicating which branch (1 to k) has been selected
and the delay times tl1l; to tK; for eliminating:glsets of

delay time differences by using phase control data.



time point (i). Therefore, the phase control data becone "17", del aying
the tim ng phase. Because the conparator 150 is outputting logic "0" as
shown in (I) of FIG 32, this DOMWN signal is the second DOMN signal con ng
fromthe branch 2 side. Starting fromtine point (h), the synbol frequency
conmponent quantity is accunul ated froml6@&* in each integral filtering
section 74A. If the output of each integral filtering section 74A takes a

val ue shown irtnElﬁae%?f@en{:ﬁ@iﬁﬂ&&iﬁéﬂtpefcﬁéeaibaﬁsﬂe&nfeééiviﬁsas_uri ng the
angle difference of the vectors shown in FIG 34(E) Ccan obtain™ difference

(4 bet weedppdratignasing! Byt sHELft QPSR Modelatifg Rast baén’desagibbd.
signal delay tine in the detecting section 2B. Because the vectors shown
in FIG 34 Bikl coéoapparentxthat tihetpresénbséwbddimentieiayalsore
measurenment indicated by broken line circle, the delay tinme [err] is valid
and used apRkicaklegrtadiversihe peeaiving apparatuges usipgcathert B§Ka
filtering section 74A is reset to "O" ain_as shown i.n of FIG 32.
Thus. whIHA T SEPEReS  PHFh o HREER BanLrEEnS epdaBboK, ot o based on
the UP a £¥¥ﬂ lgnal s e Li I | e SULLNg,sgction 141
can neas@gé e %ﬁ?f%%é%%%f %%t§£%%gtﬁ%d%g+é§8§i%%ﬁ%gggegﬁéﬁ ?%g det ecti ng

section abAiatidly. deNdeiy TBer@Usresent | EfbO&LREAL NIsSaEPL PBaRBe ERVEVET,

any diversity receiving apparatus using a modulating scheme
in which the phase jitter of a received signal has a
periodicity and the timing phase is synchronfzed with that
period to extract information data.

As described and according to the present invention,
data sequence includihg J symbol freguency components not
affected by carrier frequency deviation can be ektracted by
signal processing including sihple addition and subtraction
from the received phase data sequence Y, (i being a natural
number 2 or higher)'obtainedrby:x-times-oversampling.(x being
a natural number 4 or higher) the received PSK signal.
Further, synthesizing the data sequence including j symbol
frequency components provides two data sequence including
symbol frequency components having n/4 phase difference in
radian and a good S/N ratio and not affected by carrier
frequency deviation. In addition, ﬁse of the data sequence
including two symbol frequeﬁcy components for timing
regeneration implements the timing recovery apparatus that is
hardly affected by noise and not affected by carrier

. frequency deviation.
Further, by frequency-coﬁverting data sequence including

two symbol frequency components having a phase difference of



the delay times are neasured by the vector angle difference; therefore, of

two angle differences of angle difference T[err] [radian] and angle

difference (2[err] - T[err])[radian], value that is over -[err][radian]

and below [err][radian] is the delay tine difference. Consequently, in the

second embodi ment, the nmeasurable detrd§7time difference is in a range over
-115- [err][radian] and bel ow

[err][radiaplin fA@LdA "Bnes! Gie bdhSIER CE1r8BESHOLPENECELNSBNAAE | S

i npl emented by the constitution of "~ FIG 28. The cal cul ation of the
del ay ti renithrides etite SYN | rdtio desowpeds+fiilleépihg thet dfraceseéikrent
enbodi nent, timng phase difference data are expressed in natural nunbers
0 to 31. conporsnt ethrough aintegmalli fittentrg faédnsi gan ehbgénfaom-16 to
15. It is assuned that the first timng phase difference data outputted
from t he SYMhek | FELIURREY ICOMRORANE HIURRBHEY andsadEimingcphfse and the

soond D BpBass. O Lt optes 0oL 9 PIL (S8 Lo ne Ll R TgeCt 1 on

ter”inalfk%&h&rbﬁggétéfgkerence is canceled, resetting the integrated
orthogonal data of the integral filtering means to zero and
setting the'symbol frequency component quantity to the
integrated in-phase daté can synchronize the symbol clock
phase with a Nyquist point while maintainingfthe symbol
frequency components accumulated in the integral filter.
Consequently, a timing recbvery apparatus of feedbaqﬁfkypé
having high-speed.phase pull-in characteristic'aﬁd lgw-jitter
characteristic in steady state.

Still further, by the signal processing including a
simple accumulating.operation; a timing recovery apparatus
can. be réalized having integral-filtering=mean8-capable.oft
quickly accumulating symbol frequency components without
causing an overflow.

Yet further, filtering the sfmbol orthogonal component
signal and the symbol in-phase componeht signal by an
infinite impulse response filter after accumulating the
symbol frequency component can realize a'timing recovery
apparatus having integral filtering means indicating good
phase follow characteristic.

Additionally, a timing recovery apparatus is provided
which can realize phase difference calculating means for
calculating timing phase difference data by using integrated

orthogonal data and integrated in-phase data by means of



del ay difference measuring section 141 and [err]=30-entered fromthe input
termnal 141d are subtracted in the subtractor 145." Nanely, the subtractor
145 outputs 2-30=-28. In the. present enbodinent, the after subtraction
takes a value in a range of -31 to 31 ég two's conpl ement notation. The

conparator 143c outputs "0" if the vari®after subtraction is in the range

of -16 to 15 and "1" otherwise. The value after subtraction is entered in
t he regi s¢ignd¥ prdddssing himgbuding t héneat pappobxihationppratessiigce
indicates logic "0"; if the output of the conparator 143c indicates |ogic
"1", the haged onhssimple cactymuletioni ster 147 with the nost significant
bit inverted. The value entered in the register 147 becones delay tine

di fference [er§¥ill additiquallyec phaspdifterenre,caleylaking ngabfe nost

significant bit, of e out put, of the subtractor 145 and the output of the
conpar at g]s ﬁﬁs%lﬁl?% %es%&z?ﬁs?ﬁ%c?ff’g% efﬁﬁg“‘dlng illne.ar
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simple nonlinear conversion processing. A timing recovery
apparatus is realized in which timing phase difference data
having less errors.than before are obtained from the phase
difference calculating means.

Yet additionally, a timing recovery apparatus is
provided that can realize symboleyequency component quantity
calculating means with a simple gBhstitution composed of
comparators and selectors by usigé integrated orthogonal data
and integrated in-phase data.

Moreover, a timing recovery apparatus is realized that
can obtain the symbol frequency component quantity having
less calculatibnwerrors-by~mu1tiplying-a'value.obtained by .
simple signal processing thiough comparator and selector bf a
weight obtained.from timing phase difference data.

Still moreover, a timiﬁg recovery apparatus is realized
in which an operation by iﬁfinite impulse filtering means is
stopped during a period corresponding to the number of
.symbols, obtained by simple means based on timing phase
difference data to perform-an adcumulating operation, thereby
preventing the reduction in the symbol frequéncy component
quaﬁtity of the filter in timing phase control caused by the
calculation error of the symbol frequency éomponeﬁt and, at
the same time, reduéing the clock jitter. |

Yet moreover, a timing recovery apparatus of feedback



of the nost significant bit of 'the output of the subtractor 145. |If the
out put of the subtractor 145 is -28, the out put of the conparator 143c
beconmes logic "1". Value "-28" represented as "100100" in binary notation
becomes "4", which Is represented as "00100" by inverting the nost
significant bit. The above-nentionedl8Peration is expressed in the
follow ng fornmul as where the output of the subtractor 145 being T[err],

the inputtypet s re4ist68 iA7wniSHELNtEYPallckaYteringemdahbebenae shaing

[err]: if -16 [err] T[err] < 16, [err] = T[err]
. (24a)time constantbiz ufedr dnly at clpekr phas@2pullfénr hhd random i f
T[err]' [err] 16, . [err] = Tlerr]" -32 ... (24b)

As nenti oweltk abblter onegnahés usedfwhichsgapobef conashtytedohposimple
gquantity and the second synbol frequency conponent _quantity both exceed
the thr esTReRs BRGEuUdIRg gaN PP fRUBEREARt Steadydstayer i kbegrPrer ence

dat s Lo LhaBl 8558 SRk HEFARAD B30 ANRCABIAE pRIRCREIERE Y (T
ohe o o dlfalhg Sty oh-CO LSRR SPlrdeR b uatiLe LR g (1

bit of a symbol orthogonal component signal having good S/N
ratio, thereby realizihg a timing recovery apparatus
providing better clock phase follow.characteristié and iow-
jitter'characteristic;thénrthose:in'a timing'recovery
apparatus using'a conventional random walk filter.

| Further@Sfe, a timing-recovery apparatus is realized in
which.resetfi;g integrated orthogonal data and integrated in-
phase data of integral filtering means to zero in phase
control in steady state allows use of the integral filtering
‘"means also in steady state to monitor the symbol frequency
component quantity and timing phase difference data
accumulated during non-cbntrollof clock phase for knowing .
line condition. |

Still furthermore, a timing recovery apparatus is
realized in which a send/receive clock base oscillation
frequency deviation is measured using phase control data and,
if line disconnection is detected, the sympol clock is made
follow the phase jitter caused by the clock base oscillation
frequency deviation by using the measured value, thereby
maintaining clock synchronization even in a poor condition
that may cause line disconnection.
Yet furthermore, a timing recovery apparatus is realized

having clock base oscillation frequency deviation measuring



frequency conponent quantity entered fromthe input termnal 141b are
conpared with the threshold value for delay tine neasurenent in the
conparators 143A and 143B respectively. The conparators 143A and 143B each
output logic "1" if the -117-
correspondi ng synbol frequency conponeﬂﬂoquantity has exceeded the
threshol d value. The AND gate 144 uses the outputs of the conparators 143A

and 143B ggahkS foRPhbasu¥@ngt Bakblbbk HiEeddseildhtadnd Ereduegdicyy "1" only
when the first synbol frequency conponent quantity and the second synbol

f r equencydeviptient wqthnprecision byt Bimplecdddiale processdingg val ue for
del ay tine neasurenent. The register 147 out utsmég;r], which is the
i nput dat apcludingean; pecumudptdntf opered ione bagiedy on i9e eAinek he rear
stage only when the output of the AND gate .presents logic "1". According
to the ab8®&2mentioned operation, [err], [err] and [err] are outputted to

Hovever, as { GPSFRRRE: BndiapRhBrorPBRdo AP E AR BRSYAARy Fis not in
excess .of hbgn ER-ERRY HiyRlLpebd tiiAY Phled BRI 9T Uhariddials 418
and low-jitter characteristic can be realized by switching
the period of timing phase control interval setting signal
between timing pull-in state and steady state.

Still besides, a diversity communication apparatus is -
realized in which the delay time difference of K sets of
baseband phase signals are calculated by the timing recovery
apparatus and the obtained delay time difference is made zero.
by K sets of time delay means to prevent the deterioration of
bit error rate characteristic and timing synchronization
characteristic that;may be caused when a fi}Xter—having a - - -
large group-délay:differenge:is used. |

Yet besides, a diversity communication apparatus is
realized in which, of K pieces of timing phase difference
data, K sets of UP signals,'and K sets of'DOWN signals
obtained by K sets of phase detecting means and K sets of
filtering means having random walk filtering, the timing
phase difference data, UP signal, and DOWN signal having the
greatest symbol frequency cbmponent quantities are selected
to be used for timing phase control, thereby performing
timing regeneration bésed on data of high reliability. This
constitution also enhances pull-in and jitter
characteristics. Also, a diversity communication apparatus

is realized having time delay difference measu;ing means for



out put of the AND gate 144 becones logic "0" and [err] is not outputted to
the tinme delay difference averaging circuit 148 1in the rear stage.

The tine delay difference averaging circuit 148 averages. the entered-
"delay tine difference data to out put an,-gverage value [err] of the del ay

tinme difference data and a signal that™ ~‘i'ndi cates conpl etion of averaging.

The tinme delay setting signal output section 149, when the signal

i ndi cat i npeasaaiingt wdrchopracdrsignmndhes dicfflexrartd rhtwdan tthe delay

di fference averaging circuit 148 of the preceding stage, operates in the
same mann&imes offe K isedsd@fapasebandy pliafielsigna section 92 of the
first enbodi nent. Nanely, using the fornulas (22) and (18),, the out %é
section 149 caF¥gthes ©1ddmersityy cosmumnicatiPm ARRATY iﬁNﬁﬁPfﬁ% r
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of the phase control quUantity
the delay time difference of baseband phase signals by using
K sets'of asynchronous received phase data sequence, the
delay time difference can be quickly measured with precision
without being affected by the clock phase control by the
timing recovery apparatus. '
Still further, if K sets of integrated orthogonal data
and K sets of integrated in-phase data obtained from K.sets
of phase detecting means, K sets of frequency converting
means, K sets of symbol sfnthesizing means, and K sets of
integral filtering means are synthesized to calculate a
timing phase difference to bé used for timing phase control,
timing regeneration can be performed with data having high
S/N ratio. In this case, the pull-in and jitter |
characteristics can be enhanced still further. Also, a .
diversity communication apparatus is realized in which the
delay time difference of K sets of baseband phasé signals can .
be obtained through simple signal processing including
addition and subtraction. '
Yet further, if K pieces of even-number sequence |
synthesized symbol frequéncy component data are all added, K
pieces of odd-number sequence synthesized symbol frequency
component data are all added, and the resultant two added

values are used for timing phase control by calculating

timing phase difference data through one frequency converting



determ ning section 651 is generally simlar to the constitution of the
phase control quantity determ ning section 65 of the first enbodi nent
shown in FIG 4. A difference lies in that the line disconnection signal
averaging circuit 652 is provided-mhiggﬂaverages the output of the AND
gate 79 when the AND gate 81 outputs "F““That indicates steady state at
time point (e) of FIG 32. As shown in FIG 32, when steady state is
resurmed, kh8&nsynbak s{mbgleBonthespaiag meanad,i and oneedeitdgradld” by the
filter reset signal every tinme phase control is perfornmed. If the sane
oper at i onfadtendngomeahs, f ar diversddymeommuniea bilonc @ppanatus/ midth
frequency conponent quantity goes below the threshold value for
recogni zi AgAdrERd BpIdvWaRecsra ee?épybﬁlﬁﬁa 1i®&Se control is performed, the

t 78B h t t t 651
7 oneousl y - dEHBFRERBBREnate| Rngedp.d ﬁ%sé%aﬁ%%ér&%sg B o

"Therefore S etz gn I Jﬁ# aver agi ng
t he outpy?u%glPkigﬁN%& 888ﬂ é& R B?%%% ed ase é£% HFO gquantity
det er m ni E?ﬁﬁ&&iﬁ&d%}mﬁ&ﬁ ?%eg&@ﬁeg}d c%HB%'eQﬁ:”haﬁtfa RiSpefdaded and f the
out put of e AND gate™ 7 , an-operation to reset the synbol

f requencytrenpesentaftaabgen tral'ﬁa" iy oitput tedd By @ver-ranbaie

di sconnection nmay have taken place. If the
sequence total data, and K sets of received signal powers are
multiplied by each of;K.sets of.  odd-number synthesized symbol
frequency component data to be added and the resultant added
value is outputted as odd-number segquence total data, a
diversity communication apparatus presenting more excellent
clock synchronization characteristic. -

Still furthermore, if determination data sequence coming
from selective synthetic diversity means is used, theltiming
recovery”apparatuspcalculates-fhe;delay"time-diffe:ence of K
sets of baseband phase signals, and K sets of time delay
means make zero the delay time difference of the baseband
phase signals, a select-after-detect diversity communication
apparétus is realized in which the bit error rate
-characteristic and . timing synchronization characteristic are

not deteriorated by use of a filter having a large group

delay difference.



nbot—frequeney—eorpenent quantity has been r.Seimintmembe

output L1 If the line dlsnnnnacﬁnoﬂﬂngsstakeug .
pl ac Mﬁum jl " out puts "1" nore ofte er t he Li ne ¥
di sco I'"8 aver agi ng ci rcui 52 o ﬁ(‘)’ﬂt'lpdg"eﬁ _%F‘&Mx‘gg
outputted. If thetlrrem whi ch the ARD'fate (B pageds)
certain ratio, i's determned that line di ) msect-akemmaéw
outputti nmama:§lcgn‘aimed ntkcati ng the occurre EWne :pageshrrne b paged
sel ector 82 uses the output of the line disco .
circuit 652 asla seltwiming gmtiovmaammgatm ¢<Dm9riaiag€)nnect ion signal
averaging circuit 652 in the rear sta of the AND gate 79 realizes a-

normal phase @HRTDILEEIEANG NRRRS ¥|9@’%I¥%Ebﬂ9ec’c’?§ﬁd|ﬂnt recedvsdd
nmbodi t Th t nb t, diff d
e bot WAPR KB ARIHES ohx N DoAE PBOAL \pbertd e TR b oby
de b
prevent | ng ddi6, eUsy | Ll A, of nPé.,irefoéc?rs;éRéf 691389 0¥1 Sk Y x! blEng
natural number 4 or higher) oversampling clock, j

W

differential data sequences Z;; (= Y, - Y, ;) composed of
differential data which are difference between pieces of
received phase data separated from each other by j samples (j
' being natural number 1 or higher); '
phase jitter quantity calculating means for convérting
each differential data range of j differential data sequences
Z;, to Z,, to a range of +2n to n in radian notation to
obtain an absolute value thereof and output at least one of
phase jitter data sequences W;; to W;; including j symbol
frequency components; and
phase detecting means having

an even-number sample synthesizing section which
inputseeach.bfmphase jitter data sequences from said phase
jitterxr guantity calculating means, synthesizes even-number
phase jitter data sequénces"after delaying the even-number
phase jitter data sequences such that phases of symbol
frequency components included in said even-number phase
jitter data sequences are matched to eéch other, and outputs
a synthesiied signal as evén-number sequence synthesized
symbol frequency component data, and

an odd-number sample synthesizing section which inputs
each of phase jitter data sequences from said phase jitter

quantity calculation means, synthesizes odd-number phase
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synchroni ' ristic. Further, because the timng recovery -

secti t ed on the two pieces of baseband reception phase
data;,ammma'@r,ﬁgng .sanpling sections 3A and 3B instead of the out put
of thediversitly-: on, any diversit% schenme (sel ective synthetic

diversity, equivalent gain synthetic"'&érsity or maximumratio synthetic

di versity) can be used. As with the first enbodi nent, the phase

det ectingjieeeki @a%abd8gaedceaBairteirhBellaying AHROGAG-nUBErO HHaBecan
eff|C|ent?y extract the synbol frequency conponent fromthe baseband
recepti onjpbtee data seqaedbtesssubht thatt phasesubf symball ifreguenaydom
pattern or preanble pattern. The filtering sections 63A and 63B filter the
synbol freompapents included in said odd-number phase.ngxerbghﬂ@hents

comi ng fromthe phase detecting sections 62A and _ 62B. The filter output
sel ect i ngSeYLENGRS185epBALERRE trnPAGh PYREE . ARG SUHRNESI ®on the out put of

component SHREMERLFeaTREFRRYr B BRA-THABRS PedlRobAl syish s Bymncl ey

frequency component data.

2. A timing recovery apparatus according to claim 1
further comprising:

‘frequency converting means for adding a value obtained
by multiplying the even-number seduence synthesiéed symbol
frequency component data by complex symbol frequency
combbnent on receiving side to a value obtained by
multiplying tﬁe odd-number sequence synthesized symbol
frequency component data by complex symbol frequency
component on receiving side delay by n/4 in radian to
generate a complex direct-current component; _

symbol synthesizing meéns for synthesizing an orthogonal
component and in-phase component of said complex direct-
current component for one symbol each to generate a symbol
orthogonal component signal and a symbol in-phase component
signal for each symbol:;

integral filtering means for filtering said symbol
orthogonal component signaltand said symbol in-phase
component signal and outputting integrated orthogonal data
and integrated in-phase data;

phase difference caléulating means_for calculating a
timing phase difference between a Nyquist point and a symbol

clock in a receiver by use of said integrated orthogonal data
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real i ze—t+mng-—phase control nore correctly than conventionally practiced.

Furt her, timng phase control is perfornmed based on the timng
phase d:w ,mﬂﬂ ﬁl" %ﬁﬂut putted fromthe integral filtering section 74A at
the ti B based on the UR,and DOM signals outputted from

t he random wal k filterfng section 77 Fﬂ7 teady state, the timng recovery
section 5B can realize high-speed pull-in characteristic and low jitter
char act erandi said intefypatedein-phaseeddyasaateputpatdimgol tedgudmdbed
conponent quantity outputted fromthe integral filterin section 74A is
used for pbasabfiifferencer aat témingi phaske i§ﬁ§§@n§9nﬂﬁ%ﬁ?based on the
random wal k filteringﬁsection 77 _is perforped, so that the difference in

del ay tinme bet fdeFeTLRE BEERS: tRGludipgofymbal,fyeanepsy FOmpOReRtad wit h

i sconnecEPBREt FE T ARG U0 B8P PaNAehey COBHBBREAPSqIt FYJLOR ot eady state
to perfor gyanedhebedonfORERE! oRhntliey! LBRALILHAR HyoeRlaeakian,As wth the

first e rment; so at timng sy roni zation can be maintdal ned during
l'ine di scepnestiAg- means; Thus, the timing recovery section 5B realizes

hi gh-speed pull-in characteristic and low jitter characteristic-
regardl ess whethminghphasputoatgodl insernfralasdtiiipgt meansofor

outputting a signal of U (being natural number 1 or higher)
symbol period) as a timing phase control interval setting
signal; : '
phase control quantity defermining means for latching
the timing phase difference data outputtga%from said
filtering means in the period of said ti;ing phase control
interval.setting signal and outputting a latched data as a
phase control signal;and |
phase control means for dividing a base oscillation.
~clock of the receiver to output the symbol clock and a X-
times oversample clock and, if said phase control data havé
been entered,.controlling phase of said sﬁmbol clock and
.phase of said X-times oversample clock phase by said phase
control data, resetting said integrated orthogonal data in
said integral fingering meaﬁs to zero, and setting said
symbol frequency component quantity to said integrated in-

phase data.

3. A timing recovery apparatus according to claim 2
wherein the integrating filtering means comprising:
limiter accumulating means for, if said symbol frequency

component quantity indicates to be below an accumulation
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pr eanbi e pattern—Further, even in a poor |ine condition

-12 nay cause |ine disconnection occurs, timng synchronization
can]H"’nEMj ﬁﬂ ﬂm shoul d be noted that the conponents constituting the
timng Tc il on 5B can be inpgggpnted by sinple digital circuitry.
That is, the timng recovery section 5B can be realized by digital

circuitry than can be easily inplenented on LSI. : In this second _
enbodi merthreshold irliues 2ecpmplating tseid jgsymbel t9rtkegenahg apparatus K

The %j? vé“%ér'rngbﬁeriﬁﬁé‘iﬁr%l AL Froh 1o TBieee cHPaTRrRE di‘é%e ves
' [ ' | to K
et of BRmRsRyhhe 0 e WondliE vt S e odbodha T

St gnal s NGl HRLS! {)-phess! At ARPAT 2 Usa £OBYASED Keafiongy det ecting

sections 1 utputting K sets of received signal powers, K sets of tine
del ay seddmptndi®©\quadcity eXcsdds didedcoumhIBeisd [ ehrdshdld ovgiuéKl err]

for elimnating the delay tine differences of the K sets of detecting

sect i ons,dikiskiryy cicoumgl ated seslues sof csaid symbol orthogonal
component signal and said symbol in-phase component'signal by
D (D being natural number 2 or higher) respectively so as to
generate said integrated_drthogonal data and said integrated

¢

in-phase data.

4, A timing reqé&ery épparatus according to claim 2
wherein the integralifiltering means comprising:
acqﬁmulating means for, if said symbol frequency
component quantity indicates to be below an infinite impulse
- response switching threshold value, accumulating said symbol
orthogonal component signal and said.symbol in-phase
component signal respectively so as to generate integrated'
orthogonal data and integrated in-phase data; and
 infinite impulse filtering means for, if said symbol
frequency component gquantity exceeds said infinite impulse
response switching threshold value, filtering said symbol
orthogonal component signal and said symbol in—phase
component signal through an ‘infinite impulse response filter

respectively.

5. A timing recovery apparatus according to claim 2
wherein the phase difference calculating.means comprising:

integrated data absolute value converting means for
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outpu{?TEEfR_EE?E‘BT“bQSEband recepti on phase data sequence Y[err], a
di vers”mmﬂﬂ [ tputting determ nation data sequence by using K
sets o ”" F#Hﬂ?on phase data sequence Y[err] and K sets of

recei ved sfgnlal mowers, a timng recoyssy section, and a Nyqui st point

extracting section. The tim ng recovery section conprises K sets of
phase detecting sections, K sets of filtering sections, a tine delay
di f f er enceutpattinggasecabsolutervalueuofi sgid tategvétedebayhogeeslt 1[err]
through tKlerr] by using the tinng phase difference data of K sets of
filteri ndatatand antphsaluke valueortssaidehetegrrpedchin-ghase frée a
filter output -122- _section for
selectingagH%r???ggﬁ?%gigsﬁgF%ﬁeeU?Bﬁ?1H59iﬁ@l?ﬁedaé?eans n§9ﬁﬁ§ﬁ |
frequency ' e e +Fi (ing section outputs, a
%§§$8§%§§§i§§98%g§¥ Qh1t8Cakesctesflott Lig.

phase con _ eérmmning Section, a phase control section, and a
timng phase copbipbal he4Vah1S8istPHgSREAASNFor, if AR BRE1REERUDR

enbodi nent, the versity receiving apparatus using [err]/4 shift QPSK
modul at i ngahee Heea HESErsDgHificant bit of said integrated orthogonal

data and a most significant bit of said integrated in-phase
data is logic "0", multiplying said orthogonal integrated
absolute value data by x (x being natural number 1 or higher)
and, if said exclusive-OR-is-logic v, multiplying_said-in-
ppg?e integrated absolute value data by x (x being natural |
gpﬁber 1 or higher) so as to generate a phase difference
c;iculation threshold value, and adding said in-phase
integrated absolute value data to éaid orthogonal integrated
absolute value data so as to generate total absolute wvalue
data;

in-first-quadrant-range phase data calculatihg means for
accumulating said total absolute value data and, if a result

. of .the accumulation exceeds séid.phase difference.calculation

threshold value, outputting the number of times the
accumulation of the total absolute value data was made at
that moment as in-first-quadrant-range phase data; and _

‘quadrant indication bit adding means for generating data
indicating a quadrant from the most significant bit of said
integrated orthogonal data and the most significant bit of
said integrated in-phase data and adding the quadrant‘ |
indicating data thus generated to the highest position of

said in-first-quadrant-range phase data so as to generate

said timing phase difference data.
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It wll be apparent that the present enbodinment is also applicable to
di versityTeceiving apparatuses using other PSK nodul ating schemes such

as QP ' ' BPSK nodulating as well as other nodul ati ng schenes
t han §wmgnmim‘m“ mely, the pr egﬁg enbodi ment is applicable to any
di versiifycr ecelwi ng apparatus using a nodul ati ng schenme in which .the phase
jitter of a received signal has a periodicity and the timng phase is
synchroni zed Wit h aAhatmipgrredotvergxapparatugoacadbrdingata. claimnbodi nent

3: In the third.enbodi ment, a diversity receiving apparatus based on

t he di verwhexeinrthectpvihgstrgnadsany-rarge Pbﬁﬁeng§§§ Fedcudatdngersity
schene, - any of selective synthetic diversity, equivalent gain diversity,
and naxi MPANS LPBPEIHIPStic diversity can be used. A timing recovery

section of this enmbodi nent uses baseband reception phase data__noduyl ated by
err] /4 ohift RRIE G ER REPELAtatTY srerv et Eral e RS SoRobBrePaming
embodi menfod e ALes &ﬁ\?éfﬁf@ﬁ' oh! thdnbinse B! Eagrgaﬂgastte@ ke and Iow
jitter characteristic wthout using a randomwalk filtering section in
the filteihd SRStn@ibef dPCadditienEC68VERY €6€hL0Absolute value data
exceeded the phase difference calculation threshold wvalue to
- output non-linearly converted data as the in—first-quadrant;

range phase data.

7. A timing recovery apparatus according to claim 2
wherein the symbol frequency component Quantity.calculating
means comprising:

absolute value comparing means for dutputting the larger
one of an absolute value of the integrated orthogonal data
and an absolute value of the integrated in-phase data as the

symbol frequency component quantity.

8....A .timing recovery apparatus according.to claim 2
wherein the symbol frequency component quantity calculating
means comprising: |

absolute valué comparing means for oufputting the larger

_one'of an absolute value of the integrated orthogonal data
and an absolute value of the integrated in-phase data as
compared integrated absolute value data;

qﬁadrant bit deleting means for outputting the timing
phase difference data.withoﬁt most significant twd bits
indicated a quadrant as phase data without gquadrant bits:;

weighting data calculating means for, if the phase data
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-123- rn whi ch conponent simlar to those of FIG 27 are

denzuﬂ' reference nunerals, shows a block diagramof a

div lmmmrm @ | On appar at us i ncl udi ng a timng recovery section 5C
accordi Ag to K he I'rd enbodi ment . Inéﬁge figure, reference nuneral s 3A,
3B, 3C and 3D indicate sanpling secti 5C.indicates the timng recovery
section, 62A 62B, 62C and 62D i ndicate phase detecting sections, 155

i ndi cat eswathoutequaliramnt betsc ihdiceatieg tocble belokb@Avaldie 156B i ndi cate
filtering sections, and 65A indicates a phase control quantity determ ning
section. equivakest 86 né4aibl velidnageartputttiogr seildy phasenddtaiti on  of
the integral synthetlc filtering section 155. In the figure, reference
nuneral 1%55heiE; gupexants bise 8scHeAghtdng Saddcmdd sy madid @hasgmol

223352?6@@%?%2?1@3%“aﬁsaﬁn%rea%rm” &&#%%2&9 B8 G oRper (SR 1 | 185c
second cviaLRnaaedieak E8R(E fntkder o #.F&“‘tﬁieﬁhe'fﬁi%dnpbﬂghfaéifaa
i nput tergheained 15§eshﬂétﬁé§:$ﬁgas§§80 Bﬁa%@d d%%@ﬁlt?@%‘te%d%éﬁ€1 45 gz d
from a value equivalent to n/2 in radian as weighting data:;
and
weighting means for multiplying said compared integrated
absolute value data by a value equivalent to'a cosine value
obtained when said weighing data is indicated in radian and

-outputtlng a multiplied value as the symbol frequency

component quantlty.

9. A timing recovery apparatus according to claim 2
wherein the symbol frequency component gquantity calculating
means comprising:

absolute value comparing means for outputting the larger

.one of an absolute value of the integrated orthogonal data
and an absolute value of the integrated in-phase data as
compared integrated absolute value data;

quadrant bit deleting means for outputting the timing
phase difference data without most significant two bits
indicated a quadrant as phase data without quadrant bits; and

filter operation stop data calculating means for, if
said phase data without quadrant bits indicates to be below a
value equivalent to n/4 in radian, outputting said phase data
without quadrant bits as filter operation stop data and, if

said phase data without quadrant bits indicates to be greater
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synbol frequency cor ent data input termnal, 155f i ndicates a

regjﬂml Laput termnal, 157A and 157B indicate frequency
conviés ﬂ m' rHﬂTlSSA and 158B indicate synbol synthesizing sections,
159A and 159B*indi'Gate integral filtggng sections, 160A and 160B indicate

synbol frequency conmponent quantity calcul ating sections, 161A and 161B
I ndi cat e adders, 162 indicates a phase difference calculating section, 163

i ndi cat ethansanvhdsier equiyailent fooeq/dndp cadiamnouhpuitiing calvalug i ng
section, 155¢ ) . -124- indicates a timng
phase di pbtpined byt subkrpeting: sodd phase dpdsh widdicu auadrgnipdrits
frequency conponent quantity output termnal_, | G 40, in which
conmponen §°’§ng VQF‘uFoeHH&é’@%@PtFI%G o 2 &Fbrm&sof%rsé?ﬁ?%?’é?%nce
nunbers,s%s adQ§§Ck diagram illustrating a constitution of the filtering
secti ons®I8BA d 156B in the third enbodinent. In the figure, 156a

i ndi cates an gRYRERNOBAYH PYATRUHRC BRI BRRRIIWIRRSI zed  synbol

frequency conponent data I nput termnal, 156b
filter operation stopping means for, if timing phase

control has been performed, stopping an infinite impulse
filtering operation for a time set based on said filter
operation stop data_to perform an accumulating operation.

10. A timing recovery apparatﬁs according to claim 2
wherein the filtering means comprising:

random walk filtering means for, if the symbol frequency
component quantity exceeds a threshold value.for recognizing
steady state, operates an up/down'couhter set to filter
constant N by using a sign bit of the symbol orthogonal
componént signal to output an ub signal for advancing the
symbol clock phase when said up/down counter reaches 2N or.a
down signal for delaying the symbol clock phase when said

. up/down counfer reaches 0 and, after outputting said up

signal or said down signal, set said up/down counter to said
filter constant N again; and

wherein said phase control quantity determining means
comprising:

steady-state time phase control means that, when said
symbol frequency component qﬁantity exceedé said threshold
value for recognizing steady state, does not use said timing'
phase difference data coming from said filtering means for

phase control data, when an instruction for advancing said
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I ndi gm” n@pous odd- nunber sequence synthesized synbol frequency
conp Mmm tl"rerm' nal, 156c indicates a fixed synbol clock input
term nal ,* 156d*i n8licates a fixed quadruple synbol clock input termnal,
74B indicates an integral filtering sg@§£pn,‘156e i ndi cat es an synchronous
tim ng phase difference data output termnal, and 156f indicates an
asynchronous synbol frequency conponent quantity output termnal.

Qper at i onsygbbalhelagk chassdyEatidiup mignakits generatede getputsed.
First, the_ overall ogeration of the third enpodinent. wi|l be described. As

with the Inddpta f9R aganging sadid sl ¢leeki phasR; ay
i on 60QA, th L t i d dr upl e- | ed
Frrst badlitknFhen d O EHECIGH Ao gk ikie et et SYGER PR ge
f . Qf‘éi {i ;}q.ﬁ; B, ' | i 90, 60B,
g(r)\\c,i\e{ hg sa %%Eglgg-cq}?on '?qlplr%i e ]'lq%ah r'up?%&g\l/éeér @%%dé%%ggﬁ%lggggband

recepti on gehaR 1 ihg safd A Hbhck PHede/ed signal power of branch 2.
Resol ution of the baseband phase data is 5 bits. As with the second

enbodi nent, the diversity section 4 uses baseband reception

11. A timing recovery apparatus according to claim 10
wherein the phase control means comprising:

integrated data resetting means for, when the symbol
frequency eomponenf quantity exceeds the thrdshold wvalue for
recoénizing steady state, resetting the integrated orthogonal
data and integrated in-phase data of said.integral filtering
meens to zero when controlling the symbol clock phase and the

X-times oversample clock phase.

12. A timing reeovery apparatus according to claim 2
wherein the phase control quantity determining means
comprising: .

clock base oscillation frequency deviation measuring
means for, when the symbol frequency component quantity
exceeds a threshold value for recognizing steady state,
measuring a.deviation between send/receive clock base
oscilletion frequencies by using the phase control data and,
when the measurement is complete, outpufting a frequency
deviation measurement complete signal indicating measurement
completion and a symbol time until occurrence of a deviation
in the clock phase for tl digit by clock frequency'deviation
as frequency deviation corrected data;

automatic frequency control signal generating means for
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-125- hase data outputted fromthe sanpling sections 3A and 3B and

recei veg H ,ﬂﬁm,ﬁl f each branch comng fromthe detecting sections
2A and nal processing by selective synthetic diversity,
eqU|vaIent galn synfhetlc diversity qé maxi numrati o synthetic diversity,
outputting the synthesized baseband r 3ept|on phase data sequence.

The sanpling section 3C sanples the received phase data outputted fromthe
time del ggneestting,6G4 e siingaddf ifreduenoycdefratord agxmeatest sanpl i ng
generated by dividing the oscillator frequency of the receivin apparatus.
Unl i ke t Hetasampl ARG spcsiignalAforhadvameiing thee SyshdC alaght

recei ved phase data by the fixed claock, so that the s npllrlgc sectlon 3C
out put s PPﬂsPna§§FcﬁPUﬁoﬁ%gBééeﬁgﬁdd@@@@ﬁ?ﬂb he, gyab 411 signal
quadruple g ersanpl ed and not in synchronization wth Nyquist p0|nt. The
sanpllng ction 3D al so sanpl es the recei ved phase data outputted from

the time delay; éﬁ%ll' 0% £5F med ¥>h§§ gx d}eqnegngp ke 0" ytputting the

quadrupl e- overs i Nng generate i Nng t he "osci guency of
the recebniale cRRRFLA! Uat0 foR Buba%@i%@dﬂﬁvwoﬁd&é%}ﬁﬁé eption
phase data quadrupl e-oversanpl ed and not” in synchronization. wth Nyqui st
poi nt. said AF€ uUphisignadcdfchay dfeitrivetiOniferr tdivdmseizathe symbol

clock phase is generated when said symbol frequency component
quanﬁity goes below a threshold value for recognizing line
disconnection state and said frequency'deviationzmeasurement
cohplete signal indicates measurement completiqp:and
outputting the phase control data for delayingjﬁhe symbol
clock phase if an instruction for delaying thezéymbol clock

phase by said AFC down signal is generated.

.13. - A timing recbvery apparatus according to claim 12
wherein the clock base -oscillation frequency deviation
measuring means comprising:

measuring time. display means for operating an up counter
by symbol clock to 6utput an‘up'counter value as measuring
time data;

phase control data accumulating means for accumulating
phase control data to output an accumulated value as phase
control accumulated data:

frequency deviation measurement dividing means for
dividing said measuring time data by said phase control
accumulated data;

'corrected data output means for resetting said up

counter when said measuring time data exceeds a threshold
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recéption phase data outputted fromthe sanpling sections 3A and 3Bto

per f ation and controls the regenerated quadruple
freqﬂmmlmlmlmsgm[such that the baseband reception phase data at
Nyqui ¢t pol At mossti*ons are sanpl ed 3%Pthe sanpling sections 3A and 3B
|ike the first enbodinent. The timn ecovery section 5C outputs a
regenerated clock for extracting Nyquist point data fromthe
-126- syalhesifped reaogndd nge ae [fireamemioys detedlat iant medsat-dmweant tdred
diversity section 4. Further, the timng recovery section 5C calculates a
si gnal dék&ghinge thef Advdsdorbaesudt ovgpuddiest tinep sechd drequengwl 2B by
usi ng the asynchronous baseband reception phase data com n frontthe
sanpl i ng egéet-ileﬁsmgesat&ms’att GLiyiCing aePnpP & i MRS t1[err]

and t2[e atln deIa L ence The Nyqui st poi nt

extractlﬁakgégpl ﬁV%S ﬁ%ﬁ#% EeC T&%?(ﬂ it 3 tracts, by using the

regenerated c n o e qe éy%§ g \yqui st

poi nt data fr%ﬁgkeﬁggguggﬁ% of th ?‘ver5|f§q§ch¥5 4§;%§%tnus t he
corrected data and outputting the averaging result as

frequency deviation corrected data.

-14. A timing recovery apparatus according to claim 2
-wherein- the timing phase contrpl-interval setting means
comprising: | |

control interval settingﬁéignal varying means for
varying a frequency of the ﬁi;ing phase control interval
setting signal between timing pull-in time and steady state

time. -

15."A.diversity eommunication apparatus comprising:

K (K being natural number 2 or higher) sets of detecting
.means for eonverting signals received by K sets of antennas
into baseband phasé signals to output the same and outputting
K sets of received signal powers:;

K sets of time delay means each for giving a delay
indicated by each time delay setting signal to each baseband
phase signal to output a time delay baseband phase signal;

K sets of sampling means each for X-times (X being
natural number 4 or higher) oversampling said time delay
baseband phase signal to output received phase data sequences
Y, (i being natural number 2 or higher);

diversity means for capturing the K sets of received

i




exiégg%ggTbygngL_ggLnt dat a. The tine delay sections 60A and 60B, as

I rst enbodi nent, set the nunber of shift register stages to 1 to
ﬁmel ay tinme setting signals tlferr] and t2[err]

resp Wmﬂ“‘ﬂml initial state until,  the delay tinme is «calculated, the

nunmber of <hi Mt feglfster stages is set™ 1 mv/ 2. " The rel ati onshi p between

the delay tinme setting signal [err] and the shift register stages setting

val ue nf ephhskSdatat seguanges’ ¥ 4he S0 K NBetsopLdréoeived §4gnal The
foll ow ng descri bes operations of the timng recovery section 5C. As with

t he secongoesbsditoepttpuduaddeteendinetdiom detsh seguendesecept i on phase data
outputted fromthe sanpling section 3A are entered in the phase detecting
section 62A. TN¥aphs$eP@dndcexrkyastingomeens f6516ﬁ¢§aFﬁénB'ﬁs@hﬁnﬁﬁﬂhunber

dd- numbePOLBY.BRC 5o Pt RD8) SERBEINEHOTH SaHEn P Lo AR SReML AR finte
9E§grupleéeq8ggéa§ngh%d baseband recei ved phase dat a outpgtted fronlthe

timing recovery means for generating said symbol clock
for extracting the Nyquist point of a received signal and an
X-times oversample clock based on said K sets of received
‘phase data sequences Y, to output K sets of time delay .
setting signals for indicating delay'time differénces of said
K setslpﬁ'baseband phase signals.

16: A diversity communication apparatus according to
claim 15 wherein the timing recovery means compriSing:

K sets of phase detecting means each for outputting
even-number sequence synthesized symbol frequency component:
data and oddénumber'sequence.synthesized symbol frequency _
component data by use of the received phase data sequence Y;;

K sets of filtering. means each having random walk
filtering means for outputting timing phase difference data,
an up signal, a down signal, and a symbol frequency component
quantity by use of said even-number sequence synthesized
symbol frequency component data'and.said odd-number sequence
synthesized symbol frequenc&Icomponent data;

timing phase control interval setting means for
outputting a signal having a U (U being natgral number 1 or
higher) as a timing phase control interval setting signal;

filter output selecting means for selecting the timing

phase difference data, the up signal, and the down signal
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ctlon 23 are entered in the phase detecting section 62B. The
phase Hﬂﬂ ﬂﬁlﬂ 62B out puts the second even-nunber sequence
synth uency conponent data and the ‘second odd- nunber

sequence syntheS|zed synbol frequency %9nponent dat a. The integral
synthetic filtering section 155 obtaln§ Tining phase data and a synbol
frequency conponent quantity by using the first even-nunber sequence

synt hesi zgdomy thel filltegueqcweanspehatt indizated Bhaakimim oclusirder
sequence synthesized synbol frequency conponent data comi ng fromthe

phase det tbei sgmbedt fregb2Acyndompensatoquaatditiesnioartpuddpd fixom said
synt hesi zed synbol frequency conponent data and the second odd- nunber
sequence Kyﬁ9ﬁ§spfe51§$ﬁﬁépgfﬂ@&ﬂéné? @@#ﬁ@ﬁ@ﬁp e sshesFad ARG phase
det ecti ng ectl

|1 t h to b
per f or medP ?SthgfgﬁFEQFﬁ %thg;% Fﬁ@F 3 O éﬁgyéu%horeserence
(0 FIG 30 onagel B30l cab suan L RS, S 2o

synbol frequeney conponent d npu term and

the Tirstspdeangihal phadee donteil H@%hée‘i’ozs)é@ﬁ@r_aftri?@u GHEpnent data
comng fromthe input termnal 155b are entéred in the frequency

converti ngofieebllodatdSad a pPesibaeafesaydc @iwdng phaser idotrdi/A perforns

interval setting signal by use of the timing phase difference
data, up signal, and down signal outputted from said filter
output selecting means; '

phase control means that operates by use of said phase
control data and has integrated data resetting means; and

time delay difference measuring means for measuring
delay time differences of said K sets of baseband phase
signals to output K sets of fiﬁe delay setting‘signals;

and wherein said time delay difference measuring means
including

phase subtracting means for subtracting first timing
phase difference daté-from said K sets of timing phase
difference data to calculate K sets of phase subtraction’
data}

time délay difference calculating means for converting a
range of said phase subtraction data from *2r to #*n in radian
to output the conversion result as K sets of delay time
difference data;

valid delay time difference data output means for
latcﬁing said K sets of time delay difference data as a valid

data when said K sets of symbol frequency component

quantities all exceed a threshold value for time deigy__‘___ﬁ;_______
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generally the sane operation as that of the frequency converting section
72 of the lu to convert the synbol frequency conponent to a
direct-cu l"l "mmm"“”", outputting first conplex direct-current
conmponent dat&. ¥Yhe" s®econd even- nunberggequence synthesized symnbol
frequency conponent data comng fromthe input termnal 155d and the
-128- second odd- nunber sequence synthesi zed synbol frequency conponent

dat a coni mgaguvemens:i apdt termnal 155e are entered in the frequency
converting section 157B. The frequency converting section 157B perforns

general Iy the gﬁﬁéy GﬁgﬁﬁFPBﬁea§aFﬁaPVGFagﬁ§9fW@&B@néﬁ?uﬁﬁﬁﬂqﬁ¥ﬂf¥ﬂﬁnlon
72 of the fj t nb | t
v ect - cubpehy SEoRRSReH: Sa5: Bh PRITasdedRy Hag, Abr iR talge éfﬁq"rr%%{'ye'g .

conmponent ,da | ,synt g fi

general | y Q %gingrrgagb%rggt P?r‘\lggg tlhé? Rﬁ-@? é@sﬁ%‘%% 3‘% hesi z ég{eﬂgi on
73 of theabbhmh18€Red #BBL1EOLYY Bl RBSbatpuke K setls @%ﬂ@f@iszd‘%&IdéHrent
conponent data every synbol, outputting the first synbol in-phase

conmponent agngdajiietimesdelpgbgbtting signal.

17. A diversity communication apparatus comprising:

K sets of detecting means for converting signals
received by K sets of (K being natural number 2 or higher)
antennas into baseband phase signals to output the same and
outputting K sets of received signal powers;

K sets of time delay means each for giving a delay
indicated by each time delay setting signal to each baseband
phase signal to output a time delay baseband phase signal;

-'K sets of sampling meansleach.for X-times (X being
natural number 4 or higher) oversampling'said time delay
baseband phase signal to-outpuf.received phase data sequences
Y, (i being natural number 2 or higher);

K sets of asynchronous sampling means each for sampling
said time delay baseband phase signal by R-times (R being
natural number 4 or higher) asynchronous oversampling clock
to output an asynchronous réqeived phase data sequence Q, (i
being natural number 2 or higher):;

diversity means for capturing the K sets of received
pbase data sequences Y; and said K sets of received signal
powers to output a determination data sequence;

Nyquist point extracting means for extracting a Nyquist

point by use of the symbol clock from said determination data
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orth?ﬂﬂ‘ 1 g The synbol synt hesi zi ng section 158B perforns
gene ﬂ,mﬁn!ggnﬁﬂl ﬂerat lon as that of the synbol synthesizing section 73
of thé& fFrst odi ment to synthesize the second conplex direct-current

conponent data every synbol, outputtggg_the second synbol in-phase
n

conponent and the second symbol. ort h al conmponent. The integral

filtering section 159A filters the first synbol in-phase conponent and the
first sységueneehogodal conponent through generally the sane operation

performed by the integral filtering section 74 of the first enbodi nent,
out putting t hEimingsrerayegyaregnenripragergzpting said symiol; ted

i
orthogongl data. The integral filtering,segtion 159B fjlters . the second
oymbol | HOPHaEErRGIBHehhaaNIBHE SRR Bl SCBPTRSL SHEm o Ah At
t hrough ge I t PeL QLTRd e Eﬁgg ., 41 tering
section 49§@g%hévé?ggﬁsﬁgnggéggehggegu?%u%t|ngx?%ﬁhgiégﬁ |ﬁ$%6%%ted
| n-phasepfaéé data sequences Y, and generatin? K setd%s fiflel BR1AGCON
i nt egrated orthogonal “dat a. The synbol Trequency conponent quantity
cal cul at&88ting signals for indicating delay time differences of said

K sets of baseband phase signals based on said K sets of

asynchronous received phase data sequences Q,.

18;.'The'diversity commuhication-appéraths-according to
claim 17 wherein the timing recovery means comprising:

K sets. of phase. detecting means .for outputting K sets of
even-number sequence synthesized symboi frequency component
data and K sets of odd-number sequence synthesized symbol
frequency component data by use of K sets of received phase
data sequences Y,;

K sets of'frequency'converting means each for generating
a complex direct-current component from.said K sets of éveﬂ-
number seguence synthesized symbol frequency component data
and séid K sets of odd-number sequence synthesized symbol
frequency component data;

K sets of symbol synthesizing means .each for generating
a symbol orthogonal component signal and a symbol iﬂ-phase
component signal from said K sefs of complex direct-current
components; |

_ K sets of integrél filtering means each for outputting
integrated orthogonal data and integrated in-phase data by

use of said K sets of symbol orthogonal component signals and

said K sets of symbol in-phase component signals:;
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section 160A perforns generally the sane operation as that of the synbol

frequency y calculating section 76 of the first

enbodi nent 1“!“5”““@“1“ first synbol frequency conponent quantity from
the first integrated i - *phase data anggthe first integrated orthogonal
data. The synbol frequency conponent quantity calculatlng section 160B

cal cul ates the second synbol frequency conponent quanti , fromthe second

i ntegrated i n-pnhegrated waduehsyosbesdzing: agemsedonr laldataf 1f the
phase control conplete nal comng fromthe nput term nal 155c

i ndi cat esSehdt K §ﬂ5§ﬁ°goﬁP%SQrH§§db9§ﬁhﬁgPP€4n§G & 1o Ottt QQIterlngh
15

Frrst 1t SORuEAn; RelfiLe, o8, sRhERes 1 2eR BrE MR, AN Fddhd B, "

data 'O° 87 ¥hif kNSetH! 89 Ehteﬁkgttaa' 99— gf,%tsbo a%% Yo LR the S om the

enbodi nen ew se, If ase contr conp ete signa

i nput teé&ﬂﬂﬁioﬁ5ré§uﬂ.'ﬂdanEgﬁthQQEthaiﬁtég&fa"t@d Has-pheeie df;or med, the
integral filtering section 159A | oads the second synbol frequency

conponent quantimyngnphakbeceatend inteegadt eedtitinghasandatfort o reset the
second integrated orthogonal data "0". The adder 161A adds the first
i nt egr at edutpuphing dasidgneit pavied Ur 6k bedngnneguaialf inumbemd saTt i on

159A to the
higher) as a timing  phase control interval settlng signal;

.phase difference. calculating means for calculating a
timing phase difference between Nyquist poiht and symbol
clock in a receiver by use of said synthesized integrated in-
phase data and said synthesized integrated orthogonal data to
ouﬁput the calculated phase difference as timiﬁg phase
difference data; |

K sets of symbol frequency component calculating means
each for calculating the symbol frequency component quantity
accumulated by the corresponding integral filtering means by
use of said K sets of integrated orthogonal data and said k
sets. of integrated in-phase data;

synthesized symbol frequency component quantity
calculating means for calculating a synthesized symbol
frequency component quantity by use of said synthesized
integrated'orthogonal.data an& said synthesized integrated
in-phase data; |

phase control quantity determining means for latching
s;id timing phase difference data in a period of said timing
phase control interwval settihg signal to output the latched
timing phase difference data as said phase control data;

synthesized phase control means for generating said
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second—Trntegrated i n-phase data outputted fromthe integral filtering

secti the result to the phase difference cal cul ating
secti Bﬂl@ﬁMlﬁﬂﬂ!ﬂnt hesi zed synmbol frequency conponent quantity
cal cu g sem | 6n 203 as ~189- - 130-
synt hesi zed i ntegrated in-phase data. +%e adder 161B adds the first

I ntegrated orthogonal data.-outputted fromthe integral filtering section
159A t o tsmmbek ortockt and asatid &wthDQSnQvenammpbetghpﬁkderdﬁvﬂﬁgngnﬁegraI
filtering section 159B to output the result to_the phase difference

cal cul at iTRFeLERg APRIVAERE base s9pehblatiansGheek g?eﬁﬁ@ﬁ€9lc§ﬁﬁ§nent

QALY S U109, SRS A0 %8R Y LIRS SRR 8L Sooft piaSE™
oener o Yol TR0 BUARE St Shel \paoaud, bhSESTESneCBICUaTL 10
dat a froraz.t@eg&wﬁé&%ﬁ&drégé@w@ edacR' bhesengt datageadelinerensybeasized
i ntegrated i n-phase data, outputiing the result fromthe output term nal
1559. Thejaty rofesazd@ ok syebs! of r eavegeal coipoeehhgaueahist ocakesl &bi ng
set each of said symbol frequency components to said K sets
of integrated in-phase data; and

time delay difference measuring means for measuring
delay time differences of-éaid K\sets of baséband phase
signals to output K sets of time délay setting signals; L

and wherein said time delay difference measuring medhs'
‘having: | E

K sets of asynchronous phase detecting means for
outputting asynchronous even-number'sequende synthesized
symbol frequency component data and asynchronoué odd-number
sequence synthesized symbol frequency component data by use
of each of said K sets of asynchronous received phase data'
sequences Q,;

K sets of asYnchronous frequency converting means for
generating an asynchronous complex direct-current component
from each of said asynchronous even-number sequence
synthesized symbol frequency component data and said
asynchronous odd-number sequence synthesized symbol frequency
component data; |

K sets of asynchronous symbol synthesizing means for
oﬁtputting an asynchronous symbol direct-current component
signal and an asynchronous symbol in—phése component signal

from each of said K sets of asynchronous complex direct-
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section 163 perforns generally the same operation as that of the synbol

freq antity calculating section 76 of the first
) enbotlmnt“mmmmulmre the synbol frequency conponent quantity fromthe
synt hesi zedti ntegt at®ed orthogonal datggynd the synthesized integrated
I n-phase data, outputting the result fromthe output term nal 155h.
The operation of the integral synthetic filtering section 155 will be
descri bed cwgrendpesinpangnyswi th reference to FIGS. 38(A) through 38(F).

These figures shom1 the initial uII-|n op ion of the tim ng recovery
section 5C | K SRES i asynaRons wéerﬁlﬁ@rﬁ%mqﬂ%gﬁ%ed |

i n-phase data_a the f|r t I nt egr.at.ed ort QN d fromthe
i nt egral ]gepleiai rﬁ}ﬂi‘ sl tlerﬂfactaﬁr%g) %Ogcl!%@}o U%’S (frefer to
1 S Al sogeyen T b3ty seca o o
S S SR a eI bt bt Sobnato diand1etata o
said K sets of asynchronous symbol in-phase component
signals; |

K sets of asynchronous phase difference calculating
means for asynchronous timing phase différence data from each
of said K sets of asynchronous integrated orthogonal data and
said K sets of asynchronous in-phasg data;

K .sets of asynchronous symbollﬁiéQuency component
ca}culating means for calculating e;éh of asynchronous symbol
frequency components accumulated by said K sets of
asynchronous integral filtering means by use of said K sets
of asynchronous integrated orthogonal data and said K sets of
asynchronous integrated in-phase data;

asynchronous phase subtracting means for subtracting
first asynchronous timing phase.difference data from said K
sets of asynchronous timing phase difference data to output K
sets of asyncﬁronous phase subtracted data;

asynchronous time delay difference calculating means for
converting a rang of said K sets of asynchronous phase
subtracted data from *2n to'xn in radian to output the
conversion result as K sets of asynchronous delay time
difference data:;

asynchronous valid delay time difference data output
means for, when said K sets of asynchronous symbol frequency

component quantities all exceed a threshold value for
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synt hesi zed i ntegrated in-phase data outputted fromthe adder 161A and the
synt hjﬂlﬂ'ﬂlﬂ"l"ﬁﬂﬂg ,mLort hogonal data outputted. fromthe adder 161B is

i ndic d val ue synthesizing section output” (refer to

FI GS 38(6) and" 3 (F)). s a med that "159A output” and "159B
output” imrediately before the flrst S%gse control be given as shown in
FIGS. 38(A) and 38(B). The "integrated val ue synthesizing section output"”
present s aswetheondnsi tixe bebalyli mepsuoenent uetatchingesgidr Khsgbsabt

conponent and in-phase_conponent. Therefore, its vector_ becones a sum of
the vect AEYIGhFeRE S| d%ascltsnea@msewga@gya Fnedaviglidovaiue $ector of

"I ntegrated val ue synt hesi ction output" beco the first timng
phase di ff&RMcetherly %‘Pﬁé Yl%lfinﬁ}l“%fa?h% S%Eﬁt‘ageﬁ?yn?HfgﬁPHFed val ue
synt hesi zi e n ug s S frequency conponent
qﬁantlty %%%ﬁié%#éyfé&% ! %éé?%% +Q§as¥ een per?orneé angpthe phase

control CQ“'%}ﬁn&%u§0&@fa e@f@féy@@eé 44881806 Y501 ORERNs BURNI Y

is loaded into t I ntegrated i'n-phase data of the egral ering

sections déSfmaldiingbeadlll 6 'sdfd | RAEEEs bPt AsihehiBhEGEavaliar 88eagnal
data. Therefore, the vectors "159A output,” "159B output,” and "integrated
val ue sybtinesiifferemnce  detaubpls " (Srieeing abatiural t ivemberett oon of

higher) times and dividing the accumulation result by S to

output K sets of division wvalues as said time delay setfing

’

signal.

19. A divg#éify communication apparatus according to
claim 17 Whereinifhe timing recovery means comprising:

K sets of phase detecting means each for outputting each
piece of even-number sequence synthesized symbol frequency
component data and each piece of odd~number sequence
synthesized symbol frequency ¢omponent data by use of each of
said received phase data sequences Y,;

...symbol . frequency. component:.. totaling means for .adding all
of said K sets of even-number sequence symbol frequency
component data to output‘the addition result as total even-
number sequence symbol frequency component data and adding
all of said K sets of odd-number éequence symbol frequency
component data to output the addition result as total odd-
number sequence symbol freguency component data:

frequency converting means for adding a value obtained
by multiplying said total evén-numbef'éequence symbol
frequency component data by a complex symbol fregquency

component on receiving side to a value obtained by
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t he arrow indicated by broken [|ine. It is assumed t hat, subsequently,

t he s -132-
conpo H amﬁ ﬂmma kept accunmul ated and " 159A out put " and " 159B

out put "« 1 nme |ave y before the second_ se contr ol be given as shown in

FIGS. 38(D) and 38(E). Then, the vecto I ndi cated by "integrated val ue

synt hesi zi ng section output” becones the sum of the vectors indicated in
FI GS. 38miltapdyimgB(s8id thtals esshawunibem eeguanceli synrbah cireguene® second
timng phase difference [err] and the |l ength of the vector of "integrated
val ue sy ROmPONANTy daka iksh uEde aktadmad tne a agrRiax (§8%RRhcy conponent

Ul 1§ (SRR SEMEOHRn dihmm e ap O (TS HUDY oG8 ity ot at e
et ons TERASN A YohaHH ;rzaﬁcg%ﬁcy%% ae%? At rel WS RGe 7)
1Etht Z¥m8| szgﬁ’%ﬁ’?ﬂl Ef,&lea%ﬁ'dqir%B are prOV| ded for eaE:h bﬁﬁral
I ndependeyitithbgdrial component signal and a symbol in-phase component
signal from said compiex direct-current component;
integral filtering means for generating integrated
~ orthogonal data and integrated in~phase data by use of said
symbol orthogonal component signal and said symbol integrated
--1n-phase data;
timing phase control interwval setting means for
outputting a signal having U (U being natural number 1 or
higher) as a timing phase control interval setting signal;
phase difference calculating means for calculating a
timing phase difference between Nyquist point and symbol
clock in a receiver by use.of said synthesized integrated in-
phase data and said synthesized integrated orthogonal data.to
output. the. calculated phase difference as timing phase
difference data;
symbol frequency component calculating means for
calculating the symbol frequency component guantity
accumulated by the corresponding integral filtering means by
use of said integrated orthogonal data and said integrated
in-phase data:; |
phase control quantity determining means for latching -
said timing phase difference data in a period of said timing
phase control interval setting signal to output the latched

timing phase difference data as said phase control data;
- e EEmm e : _

i



whi ch | ntegrate ~phase data and integrated orthogonal data of each
brancduﬂﬁ ain timng phase difference.” Therefore, even if
t he ”ni g? at ed ort hogonal data coming from one branch are

| ost by phasfnd‘on he Iike, the tinijag_phase difference can be obtained
from the in-phase and integrated orthogonal data com ng from. anot her
branch. This constitution provides the timng recovery section 5Cthat is
hardly affect eghpgepraptrglamgangofor. dividingTige gaeedaingiannagakugity
detern1n|ngssect|on 65A uses the timn hase dlfference data and synbo

frequency® Eoﬂﬁﬁﬁ%ﬁ?tﬁﬂﬁn‘??'t’(fkoﬁ?pg?'!‘éﬁ ok sfegk S 1ARi%T ng

fil 15

Uizas! "SeTpRE BRetatnplel BIORKS A nerﬁ*&f‘éﬁﬁl&”ﬁ" aisgect A Jethdes i st
enbodi ”e”Beeﬂeéﬁi:gkﬁhngcmﬁ%‘él‘%ﬁﬂ rgl ﬂ%ts% o-E“’saJ.d '%Sﬁr[ﬁé?.t Alodit Ay Pphase

control is set e’trmn BoRtTol 1 Aterv setting sectlon 64

like the phasé ofeganI KE@&mesAbvngahblm 1Rk My (i PHasd odhase

cont rol data are outputted fromthe phase control quantity
data - and, at the same time, resetting .said integrated

orthogonal data of said integral filtering means tb zero to
set said symbol frequency component to said integrated in-
phase data; and

time delay difference measuring means for measuring
delay time differences of said.K sets of baseband ﬁhase

- signals to output K sets of delay time setting signals.:

20. A diversity communication épparatus according to
claim 19 wherein the symbol frequency component totaling
means comprising:

even-number sequence maximum ratio synthesizing means
for.multiplyiﬁg each of K sets of received signal powers bf
each of said K pieces of even-number sequence symbol
frequency component data to add the results together,
outputting the added vélue as even-number sequence total

. data; and
- odd-number sequence maximum ratio synthesizing means for
multiplying each of K sets of received signal powers by each
of said K pieces of odd-number sequeﬁce symbol frequency'
component data to add the results together, outputting the

added value as odd-number sequence total data.

21. A diversity communication apparatus comprising:
-
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det erm ni ng sectien—65A__Like the first enbodi ment, the phase control

sectiont t he cl ock phase by using the phase control data to
out put M“mﬂ m”'” conpl ete signal, the regenerated cl ock, and the
regener at ede quadiy Wifrequency cl 09_% The foll ow ng describes the
phase detecting sections 62C and 62D %‘h’d the filtering sections 156A and
156B provi ded for nmeasuring a delay tinme difference. First asynchronous
baseband receX i (0 pdhsg maturaslasunipée- 2ver shigher ) csetsgof Betectieg
sanpling section 3Cis entered in the phase detecting section 62C t hat
oper at es maans fforFenvweRting rsignahesrecefvgd b¥ Kheesgnol apkeanashe

phase detecting section 62C operates in ener%l y the sa manner .as the
phase detdfq mpsehand phase 51 ?i?gto‘éﬁBﬂﬁi @t SBUe _PAgOUtPHETEPESt

asynchr onpus_baseban eceptipon a ato out put first asynchronous
even-nun‘ggrseste u%fri%ég%%ﬁh‘f% s?g%%gfséﬁ%%féfrequency conponent data and first
odd- nunber seqielses i&%ia Vi f e ept whi ch are
not in synch:‘:k(;nl zat i%névmiﬁ t he Sﬁ’-qu s? %%lgﬁtgg%( ?ﬁgpﬁgcgi sggggsi gnal .

The quadrifd f-006d I ach SEHRE AISBAPCHE LBON H8gRRENEo e86REBAEEBaRAASE -
data comng fromthe sanpling section 3D are entered in the phase
det ect i nophsexs | soigriED Tperatpuy @ntime delay baseband phase signal;

K sets of sampling means each foé X~times (X being
natural number 4 or higher) oversampling said time delay
-baseband' phase signal to output received phase data sequences
Y; (i being natural number 2 or higher):; |

| selec'!_:ive.-synthetic diversity means for outputting,. -6f
sa;‘.d K sets of received phase data sequences Y,, . a received
phase data sequence corresponding to a maximum value of K _
sets of received signal powers as a determination data
seqguence énd, at the same time, outputting a number of said
received phase data sequence as a select-after-detect signal; - .

Nyquist point extracting means for extracting a Nyquiét
point by use of the symbol clock from said determination .data ..
sequence; and |

timing récovery means for generating a symbol clock and
an X~times ovérsample ¢1ock for extracting a Nyquist point of
a received signal by use of said K sets of received phése
data sequences Y, and, at the same time, outputting K sets of

time delay setting signals.

22. A diversity communication apparatus comprising the
timing recovery apparatus of claim 12,

said diversity communication apparatus having:
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-134- fixe ' frequency is four tinmes as high as the synbol
rate. Hﬂ" asynchronous baseband reception phase data, the
phase Mmm m@ 62D generates second asynchronous even-nunber
sequence€ $ynthe nbol frequency onent data and second odd-
nunber sequence synt hesi zed frequency Tommponent data. Based on the fixed
synbol cltock and the quadruple fixed synbol clock and operating |like the

filtering sectphase3contired adoumiulatdied) medns tfur faddumnilgtiegtplase 156A
and 156B obtain asynchronous tim ng phase difference data and asynchronous
synmbol fregnéme} derpgortentoudipartt ithe addidiion ttesulsy ras iphass ceverehunber.
sequence synt hesi zed synbol frequency conponent data and the asynchronous
odd- nunbepcsERydatess tﬁbmzed frequency conponent data coming fromthe

i toring sect FEROGEBSX JRYiRsaen Siduingting pade i S THRTEES he
filteringsseql £a9a0gnae UantiolS b cRthR Y adbdl VHdH W Erddnby that no

random _
deviation measurement complete signal indicates completion of

- measurement and the AFC down signal instructing delay of a
symbol clock phase comes and adding 1 to said phase control
accumulation data when said frequency deviation measurement
complete signal indicates completion-of'measdrement and the
AFC up signal instructing lead of a symbol clock phase comes
.to’ output the subtraction value or the addition wvalue as
‘deviation eliminated accumulafed data; and

time delay setting signal output means for averaging

-said deviation eliminated accumulated data for every number
(1 to K) indicated by a select-after-detect signal to 6btain
a difference between K pieces of averaged data, outputting

the obtained value as K sets of time delay setting signals.
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wal k f||ter|ng section is provided and each eonponent

fixed clock. As shown in FIG 40,
mul tiplies the asynchronous

frequency

asynchr onous.

conponent

data comng fromthe input term na

t he

operates on the

156a and the
frequency conponent
conponent of the

frequency converting section 72
even- nunber sequence synt hesi zed synbol

data com ng fromthe input term na
odd- nunber sequence synt hesi zed synbol

1581618/ the frequency

fixed synbol clock in generally the same manner as the first enbodi nent.
The resultant data, namely an asynchronous conpl ex direct-current
conponent is entered in the synbol synthesizing section 73. The synbol
-135- synthesizing sectg on 73 synt hesi zes each co
by using the fIXQd R like the first enbodi nent. AS—w tithel first
enbodi nment, the +4tbe ral st reriTny = ~SELTTOIL 748 T Ter s /L ne "asynchtignpus
synbol in- phasedzgg onent data and é@nbol crthog al cagponent datig py
using the fixe tp out put asyrﬁﬁgnms integrated | n-phase .data and
i ntegrated orthogohal® . ' E%gt grat—_fitrTertng section :74 ‘of
the first enbodi mept Zhohever, the =Hag% ' = '
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iFntegral filtering section 74B has no capabilities of |oading the synbol
frequency conponent quantity into the integrated in-phase data and | oading
"0" into the integrated orthogonal data at the tinme of phase control.
Consequently, the vector rotation control based on the phase control
conplete signal 1is not perforned. The integral filtering section 74B keeps
accunul ati ng synbol frequency conponents while maintaining a vector angle
wi t hout being affected by phase cont2g¥ 6 §he phase difference calculating
section 75 perfornms generally the sanme operation as that of the first
enbodi nent to obtain timng phase difference data [err] fromthe
asynchronous integrated in-phase data and integrated orthogonal data. The
synbol frequency conponent quantity cal cul ati ng section 76 rf.orne
generally in the sane manner as that ofgf hg first enbodi menigt g obtain an
asynchronous synbol frequency corrponenfﬂfNonE@e asynchrono Mt at ed

i n-phase data and ipfegrated orthogonagﬁa azm The veg [.';;i cated
by solid line of FIG: 39 is one exanpl ®@2KI8&E i nt egr at ed i r=@kagmZat a
and integrated orthogonal data out putt &5 Qe filtering SBEARBL 156A

t hat operat 83" 1Based on the data coim ng bremImeEphase M
p ¢ i ng cam:»»moﬂ:a , Z =M S
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-336- detecting section 62C on the branch 1 side. The vector indicated by
broken line of FIG 39 is one exanple of the integrated in-phase data and
~integrated orthogonal data outputted fromthe filtering section 156B that
operates based on the data com ng fromthe phase detecting section 62D on
the branch 2 side. If there is a match between the clock base oscillation
frequency on the sending side and that on the receiving side, the vector
angle of [err] [radian] and the veo3zf6digle of [err]H err] [radian] of
FIG 39 maintain certain val ues. If a deviation of fx [Hz] occurs
bet ween the clock base oscillation frequencies on the sending side and the
. receiving side, the vector angle between the above-nentioned angl es
beconmes [err]Herr] + 2[err]fxt [radian] (where t denotes tine in

seconds). Thus, even if a deviahi on occurs between the clock bage
oscillation.frequencies on the Bending side and the recei ""ng side, the
angl e between the two vect ors esents a constant value TEBerr]ea= .
[err]H err] - [err]Herr]. i fference [err] occurs betwee he si.gnal
delay tine in the d_etectynq:%gg on 2A and the signal c.islg Llng in 2B,
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the difference between [err]H err] and [erf]H[err] préséhts a val ue ot her.

than a constant value. Therefore, the delay tine difference [err] between . ..

the detecting section 2A and the detecting section 2B is obtained by
measuring the angle difference TH err] (=[err] - [err]Herr]) between the
two vectors. . The tine delay difference cal cul ating section 141
operates in generally the sane mannerd 56t @e second enbodi ment to out put
~delay tine setting signals tl[err] and t2[err] by using the tim ng phase
difference data [err]H err] and synbol

-137- frequency conponent quantity outputted fromthe filteri
156A and the timng phase difference data [err]H err] and

section
frequency

conponent quantity outputted fromthe filtering sectio in
the time delay difference calculating section 14i~-of-tdre-q
enbodi ment, the delay. tinme difference [err] &s bbtdine iIt ut}i ng
TH err] = [err]Herr] - [err]Herr] into the®orhul 4 (248 of
Tlerr]'. And [err] is used for averaging as aﬂya!id vatyezm n tihe
. - - ol R ) " .
symbol frequency conponent quantity outputted frpm tjke=iatt=] ectli on
156A. and the synbol frequency conmponent quantity oy = '
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t.he filtering section 156B have bot h-exceeded a threshold value for delay
time neasurenent. The tlferr] and tl[err] are obtained fromthe averaged
value. Wen the tl[err] and t2[err] have been outputted, the del ay
sections 60A and 60B perform control to elimnate the delay tine
difference by using the tl[err] and t2[err] as with the first enbodi nent.
Thus, in the third enbodinent, the delay tine difference 1is neasured by

t he phase detecting sections 62C ang g2®end the filtering sections 156A
and 156B operating on the fixed clock. Therefore, regardl ess of the timng
phase control operation, the delay tine difference can be obtained from
the timng phase difference data [err]H err] and [err]H err] and each
synbol frequency conmponent quantity.. ,Because the integrated in- phase

data and integrated orthogonal data of |ntegral filter are not reset
to "0" as with the second enbodi nent h el,py tine difference can be
nmeasure nore accurately in the thi rH odi nent than in the second
enbodi nment . As mentioned and asc dln 0 the third enbodi nent, the
delay tinme difference between the d sections 2A and
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-138- 2B that takes place when diversity is-used can be obtained nore
accurately than in the second enbodinent. Elimnation of the delay tine

di fference prevents deterioration of the bit error rate characteristic and
deterioration of synchronization characteristic owing to the delay tine

di fference. The timng recovery section 5C operates by using the two
baseband reception phase data outpungﬁg féon1the sanpling sections 3A and
3B wi thout using the output of the YvBr ity section 4 as with the second
enbodi mrent. Consequently, the timng recovery section 5C can operate for
sure regardl ess of the schene (selective synthetic, equivalent gain
synthetic or maximumrati o synthetic) used in the diversity section 4.

The phase detecting sections 62A and 62B in the tinng recovery section 5C
can efficiently extract the synbol frequency conponent fromthe baseband
recepti on phase data regardless whether the input signal is of random
pattern or qﬁeanble pattern as with the first enbodi ment. The integra
synthetic filtering section 155 has the frequency converting section 72,

t he synbol sywmthesizing section 73, and the integral filtering section 74B
for each br h to synthesize the output of each integral filtering
section 74B r each of _
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the orthogonal and in-phase conponent's, obtaining the timng phase
difference data and the synbol frequency conponent quantity. Consequently,
the timng recovery section 5Cthat is hardly affected by phasing and

noi se. The phase control quantity determ ning section 65A detects line

di sconnection fromthe synthesized synbol frequency conponent quantity.
and, if line disconnection has been detected, perforns predicted

-139- control as with the first enbgd/gg . Consequently, timng
synchroni zati on can be nmaintai ned even during line disconnection.

Thus, the timng recovery section 5C realizes the high- speed

phase. pull-in characteristic and the lowjitter characteristic in steady
state regardl ess of whether the input signal is of random pattern or
preanbl e pattern. .Further, even in a poor line condition that may cause
i ne disconnection, timng synchronization can be maintained. It should
be noted that the conponents constituting the timng recovery section 5C
can be inplenented by sinple digital «circuitry. That is, the timng
recovery section 5C can be
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realized by digital circuitry than can be easily inplenented on LSI

In this third enbodi nent, the nunber of branches of the diversity
receiving apparatus K=2. It wll be apparent that K nay be any natural
nunber hi gher than 2. The diversity receiving apparatus having K sets of
branches receives signals by K sets of antennas and converts K sets of
received signals to K sets of baseband phase signals respectively to

out put the converted signals. The di 8#<G®y receiving apparatus conprises
K sets of detecting sections for outputting K sets of received signal
powers, K sets of tinme delay sections provided with K sets of delay tines
tl[err] through tKlerr] for elimnating the delay tine differences of the
K sets of detecting sections, K sets of sanpling sections operating on the
regener ated quadrupl e frequency cl ock fors outputting K sets of baseband
recepti on phase data sequence Y[err], ngets of sanpllng sections
operating on the regenerated : - 140-
qguadr upl e frequency clock for outputti n%x sets of )
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asynchronous baseband recepti on phase data sequence Jerr], a diversity
section for outputting determ nation data sequence by using K sets of
baseband recepti on phase data sequence Y[err] and K sets of received
signal powers, a timng recovery section, and a Nyquist point extracting
section. The tim ng recovery section conprises K sets of phase

det ecti ng+sections operating on the égxgd clock, Ksets of filtering
sections, K sets of phase detecting Séclions. operating on the regenerated
guadrupl e frequency clock, K sets of frequency converting sections, K sets
of synbol synthesizing sections, K sets of integral filtering sections, K
sets of synbol frequency c onent quantity calculating sections, a phase
di fference cal cul ating secgfgn, a synthesized synbol frequency conponent
cal cul ating section, a ph&e control quantity determ ning section, a phase
control section, and acgiﬂ ng phase control interval setting section

In the present enbodi mer#met he diversity recei'ving apparatus using [err]/4
shift QPSK nodul ati ng h&z% n described. It will be apparent that the
present enbodi ment is alsg~<4@pplicable to diversity receiving apparatuses

using other PSK nodul attr@Rchenmes such asJEPSK—nUQE, ting and BPSK
nodul ating as well as @& nodul ati ng schenes t han nodul at i ng.
Nanmel y, the present enﬁbdiqpnt i s applicabl ¢ ]
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any diversity receiving apparatus using a nodul ating schenme in which the
phase jitter of a received signal has a periodicity and the tim ng phase
is synchronized with that period to extract information data.

-141- Enbodi nment 4: In the fourth enbodiment, a diversity receiving
appar atus based on the diversity for receiving signals by K = 2 antennas.
For the diversity scheme, any of selective synthetic diversity, equivalent.
gain diversity, and maximum ratio gypyhetgc diversity can be used. A
timng recovery section of this enbodi ment uses baseband reception phase
data nodulated by [err]/4 shift QPSK obtai ned by quadruple oversanpling.
The third enbodi ment realizes high-speed timng phase pull-in
characteristic and low jitter characteristic w thout using a random wal k
filtering section in the filtering gehion qé*%he timng recovery section.
FIG 41, in which conponent sinilar Eh;éhose gFIG. 35 are denoted by the

sane reference nunerals, is a block ZH&' 2 S
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ditagramillustrating a constitution of a diversity conmunication apparatus
including a timng recovery section 5D according to the fourth enbodi nent.
In the figure, 4A indicates a diversity section. In the timng recovery
section 5D, reference nuneral 165 indicates a synbol frequency conponent
synthetic filtering section. FIG 42, in which conmponent simlar to those
of FIG 3 are denoted by the sane reférence nunerals, is a block diagram
illustrating a constitution of the gyﬂg?l E%equency conponent synthetic
filtering section 165. In the figure, e§ ce nuneral 165a indicates a
branch 1 side weight factor Werr] input termnal, "165b.indicates a second
even- nunber sequence synthesized synbol frequency conponent data input
terminal, 165c indicates a second odd-nunber sequence synthesized synbol
frequency conponent data input termnal, 156d indicates a

-142- brand 2 side weight factor W2 input termnal, 166A, 166B, 166C and
166D indicate multipliers, and 167A and 167B i ndi cate adders.

Qperations to be performed by the fourth enbodi nent will

11

FIG.
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be described. Like the second enbodi ment, through a detecting section 2A
a tinme delay section 60A, and a sanpling section 3A quadrupl e-oversanpl ed
first baseband reception phase data of branch 1 and a first received
signal power of branch 1 are obtained. Through a detecting section 2B, a
time delay section 60B, and a sanpling section 3B, quadruple-oversanpl ed
second baseband reception phase data of branch 2 and a second received

si gnal power of brand 2 are . obtainedl.2 X BeBol uti on of the baseband phase
data is 5 bits. The diversity section 4A uses baseband reception
phase data outputted fromthe sanpling sections 3A and 3B and received
signal powers of each branch comng fromthe detecting sections 2A and 2B
to performsignal processing by selective synthetic 'diversity, equival ent
gain synthetic diversity or maximumrati o synthetic diversity, outputting
t he synt hesi zed baseband receptio pz?ig datﬁ.g?he diversity section 4A

al so uses the received signal powér “Mreanc to obtain reliability of
the first baseband reception phase data to output the obtained reliability
as the factor Werr]. Likewise, the diversity section 4A uses the received
signal power of branch 2 to obtain reliability of the first baseband
recepti on phase data to output the obtained reliability as

: ' 2n-:1
— n+1 MSB
Egﬁ% °n"\ ++ n ﬁg%gm
DATA h:D""’ ’é' I;D +;; VALUE
> T
T e
D>
- 1>
- _— g
" FIG. 13
DIFFER— | ABSOLUTE | DIFFER- | ABSOLUTE
ENTIAL |JFITTER ENTIAL |JITTER
DATA VALUE DATA VALUE
7 1 -1 1
6 2 -2 2
5 3 -3 3
4 4 -4 4
3 3 -5 3
2 2 -6 2
1 1 -7 1
0 0 -8 0




the factor Werr]. The higher Werr] ‘and Werr] indicate nore reliable
baseband recepti on phase data respectively. It should be

-143- noted that, the factors Werr] and Werr] nmay be obtained by any
information that provides the reliability of the baseband reception phase
data of each branch wi thout using the received signal power. ~ As with
the third enbodi nent, the sanplinglssgr@og 3C sanples the recei'ved phase
data outputted fromthe tinme delay séction 60A by using a fixed clock for
guadr upl e-oversanpling generated by dividing the oscillator frequency of
the receiving apparatus, outputting first asynchronous baseband reception
iNnd not in synchroni zation with Nyqui st

phase data quadrupl e-oversanpl ed
poi nt. The sanpling section 30 so sanml esithd retei led phase data
outputted fromthe time délayl gfdtioh 64B by usingia H xed clock for
quadrupl e- oversanpling genepdted by: di viding tihe oscifl | ator frequency of
the receiving apparatus to!gitput isecondtasypchrionous -baseband reception
phase data quadrupl e-overs . re=rot———T—"T""" '
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i M synchroni zati onwi th Nyqui st point. The tim ng recovery section 5D
performs timng regeneration by using the baseband reception phase data
outputted fromthe sanpling sections 3A and 3B and the factors Werr] and
Werr] outputted fromthe diversity section to control the quadruple
regenerating clock phase such that the baseband reception phase data at
Nyqui st point positions are sanplfd Lp tge sanpling sections 3A and 3B as
with the first enbodinent. Furthe f4 hé i mng recovery section 5D
generates a regenerated clock for extracting Nyquist point data fromthe
synt hesi zed baseband reception phase data comng fromthe diversity
section 4A. In addition, as with the third enbodinent, the timng recovery
section 5D P

di fference between the signal
and 2B by using the asynchrong
the sanpling sections 3C and
tl[err] and t2[err] for el
Nyqui st point extracting sect

Yy

hse data comng from
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first embodi ment, extracts, by using the regenerated clock conming fromthe
timng recovery section 5D, Nyquist point data fromthe output of the
diversity section 4A and outputs the extracted Nyqui st point data. The
time delay sections 60A and 60B, as with the first enbodi nent, set the
nunber of shift register stages to 1 to nx according to the delay tine
setting signals tl[err] and t2[err] respectively. The foll ow ng
descri bes operations of the tim g%/pgggvery section 5D according to the
fourth enbodi nrent of the inventiton¢ with the third enbodi nent,
qguadrupl e- oversanpl ed baseband recepti on phase data outputted fromthe
sanpling section 3A are entered in the phase detecting section 62A . The
phase detecting section 62A outputs the first even-nunber sequence

synt hesi zed synbol frequency conponent data and the first odd-nunber
sequence synthesized synbol frequency conponent data. The:

quadr upl e- over sanpl ed baseband recei ved phase data outputted fromthe
sanpling s H o@? are entered in the phase detecting section 62B. The
phase detecgf e i on 62B out puts the second even- nunber sequence
synt hesi.zedﬁ%‘o(ﬁgrequency conponent data and the second odd- nunber
sequence sy es@? d synbol frequency conponent data. The synbol
frequency cgig?ng? synthetic filtening N
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-145- section 165 obtains timng phase difference data and a synbol
frequency conponent quantity by using the first even-nunber sequence

synt hesi zed synbol frequency conponent data and first odd-nunber sequence
synt hesi zed synbol frequency conponent data outputted fromthe phase
detecting section 62A, the second even-nunber sequence synthesized synbol
frequency conponent data and second odd- nunber sequence synthesized
frequency conponent data outputted fgomg lge phase detecting section 62B,
and the factors Werr] and Werr] outputted fromthe diversity section 5A
In what follows operations of the synbols frequency conponent syntheti-c
filtering section 165 wth reference to FIG 42. In FIG 42, the

mul tipliers 166A and 166B nultiply the first even-nunber sequence

synt hesi zed synbol frequency conponent data coming fromthe input termnal
63b and the first odd-nunber sequence.synthesized synbol frequency
conponent data comng fromthe input termnal 63c by the factor Werr]

that .indicates reliability .Of te”le recei ved phase
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data_of branch 1 entered fromthe input term nal. - 165a. The- multipliers
166C and 166D nultiply the second even-nunber sequence synthesized synbol
frequency conponent data coming fromthe input term nal 165b and the
second odd- nunber sequence synthesized synbol frequency conponent data
coming fromthe input term nal 165c by the factor Werr] that indicates
reliability of the received phase data of branch 2 entered fromthe input
term nal 165d. The adder 167B adds the output of the nultiplier 166B to
the output of the nmultiplier 166D to op;pgtsthe result as total odd-nunber
sequence synbol frequency conmponent data.

- 146- The operations of the synbol frequency conponent synthetic
filtering section 165 so far will be described in detail with reference to
FIG 43. In FIG 43, (A indicates an output of the phase detecting
section 62A on the branch 1 side. (B) indicates the factor Werr] on the
branch 1 side. (C) indicates an output of the phase detecting section 62B
on the branch 2 side. (D) indicates the factor Werr] on the branch 2

si de. I f the signals becone as shown in (A) through (D) of
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Fl-

broken line of (E) of

outputted fromthe adder 167B becone as shown
frequency conponent data
'solid line of (E) of FIG

FIG Th en- nunbef THiS T HA
out put ﬂmﬁmnadder 167A beco ;,, g _
ted that, il t solid l[iine indicates the

even nunber sequence syntheS|zed synEg 4; uency conponent data outputted
from each conparator, while the bro |$ ézglndlcates t he odd- nunber
sequence synthesized synbol frequency conmponent data outputted from each
conparator. The scale along the tine axis in the figure denotes a unit of

synbol period, T indicating a synbol period. Thi s exanpl e shows t hat
t he even-nunber sequence synthesized synbol frequency conponent data and
odd- nunber - sequence synthesized s €atreqtiegéy conponent data outputted
fromthe conparators in the phase tions 62A and 62B are
partially distorted EﬂﬁgﬁPd phaS|ng Intrinsically, these synbo
frequency conponent ﬁb d draw a correct sine wave at synbol period
T. At |ocations where t even- nunber sequence synt hesized synbol
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-147- frequency conponent data and the odd-nunber synthesized synbol
frequency conponent data are distorted, factors Werr] and Werr] indicate
relatively low values, indicating that the reliability of the received
signal is |ow The out put of the phase detecting section 62A on the
branch 1 side indicated in (A) of FIG 43 is distorted at times 0, 3T,

and. 5T to 6T at which the value of factor Werr] drops. However, even if

t he out put of the phase detecting %gz}ion 62A on the branch 1 side and the
out put of the phase detecting secli €28 on the branch 2 side are
partially distorted, the distortion can be mtigated by synthesizing both
the outputs. (E) of FIG 43 indicates the total even- nunber sequence
synbol frequency conponent data and the total odd-nunber sequence synbol
frequency conponent data obtained by sinply adding the output of the
detector shown in (A) to the output of the detector shown in (C, wthout
using the weight factors Werr] and Werr]. Wen a conpari son i s nmade
between the signal of (E) and each of the outputs of (A and{(¢, it 1is
seen that the signal of (E) has a mtigated distortion and hﬁs En enough
synbol frequency conponent. If the addition is
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performed after weighting each of the outputs:-of (A) and (C) by factors
Werr] and Werr], the distortionis mtigated still further, providing a
cl ear synbol frequency conponent. As descri bed above, t he synbol
frequency conponent synthetic filtering section 165 provides diversity
effect sinply by adding the detector outputs together w thout performng
wei ghting by factors Werr] and Werr]. Consequently, the distortion may

be mtigated to a certain degree vvith%ub)%' gg factors Werr] and Werr].
- 148-

In this case, the accuracy of the

generated synbol frequency conponent is sonmewhat |ower than that of the
symbol frequency conponent weighted by factors Werr] and Werr]. However,
as shown in FIG 42, the input terminal's - 165a and 165d and t he mul tipliers

166A through 165D are required no nore, so that reduction in circuit scale
can be achieved. Further, in this case the adder. 167A may only add the
quency conponent data to

first even-nunber sequence syntheﬂ? e
t he second even-nunber sequence synt eS|zed frequency conponent

data and the adder 167B may only add the flrst odd nunber sequence

synt hesi zed synbol
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f requency conponent data to the second odd- nunber sequence synthesized

synbol frequency conponent data. The frequency converting section 72 '

out puts conplex direct-current conponent data by using the total

even- nunber sequence synbol frequency conponent data outputted fromthe
adder 167A and the total odd-nunber sequence synhbol frequency conponent
data outputted fromthe adder'167B.gﬁig»jtg the first enbodinent, the
synbol synthesi zing section 73 syn (B8 the conpl ex direct-current
conponent every one synbol to generate a synbol in-phase conponent and a
synbol orthogonal conponent. The integral filtering section 74 filters

t he synbol i n-phase conpon an det-ira——syuid nal conponent to
generate integrated in-phasje datg|and, infe hogonal data. The
phase difference cal cul atinfd® seclion~75 ¢aftu i mng phase difference
data fromthe integrated odqakal _dataland egrated i n-phase data
to output the result fromtlhe out put ¥ernnal B3h. The synbol frequency
conponent quantity cal cul atfi ng s§gtToOTT usep the yntegrated in-phase
data and the integrated ™ R
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-349- orthogonal data to calculate the synbol frequency conponent

quantity and output the sane fromthe output term nal 63i. The tim ng
phase difference and synbol frequency conponent quantity outputted from

t he synbol frequency conponent synthetic filtering section 165 are entered
in the phase control quantity determ ning section 64A. The phase control
quantity determ ning section 64A determ nes phase control data as with the
third enbodi nent. The phase control data are entered in the phase control
section 66 at a tine interval se® $y 618 tim ng phase control interval
setting section 64. As with the first enbodi nent, the phase.control
section 66 controls the clock phase based on the phase control data to

out put a phase control conplete signal, a regenerated clock, and a

regener ated quadrupl e frequency clock. The operation for neasuring a
delay tine difference is the sane as that in the third enbodi nent. Nanely,
tl[err] and t2[err] are generated by the phase detecting sections 62C and
62D, the filtering section 156A and 156B, and the time delay difference
.measuring section 141. As with the first enbodinent, the tinme delay
sections 60A and 60B uses tl[err] and -t2[err] to performcontrol such that
the delay tinme difference is '
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eki mnated. Thus, in the fourth enbodi nent toe, the delay tinme difference
I s neasured by the phase detecting sections 62C and 62D and the filtering
sections 156A and 156B for delay tine difference nmeasurenment which operate. .
on a fixed clock as with the third enbodi ment. Therefore, the delay tine
di fference can be obtai ned based on timng phase difference data

[err]H err] and [err]H err] and ea2l8 2ygtg! frequency

-150- conponent quantity regardl ess of the tim ng phase control

operation. In the second enbodi nent, the integrated in-phase data
and integrated orthogonal data of each integral filter are reget to "0O"
every tine timng phase control is.perf . ¢ In §hg fou thggaj‘oodi ment ,
however, these data are not setd u mily, se'conp r with the
second enbodi nent, the del ggyti g J¢ an lpe [nmeaspred pore

accurately. In the third egikodi resd ¥\o phas¢ detecting pections and
the integral synthetic filt &t 'EB.,. nfthe timng DPhase difference
data and the synbol frequen co e@- guantifty 1R
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hy using the two pieces of baseband reception phase data outputted from
the sanpling sections 3A and 3B. In the fourth enbodi nent, however, the
two phase detecting sections and the synbol frequency conponent synthetic
filtering section 165 obtain the timng phase difference data and the
synbol frequency conponent quantity. The integral synthetic filtering
section 155 and the synbol frequency conponent synthetic filtering section
165 both realize the diversity effect. As seen fromthe conpari son between
FIG 36 and FIG 42, the circui R 4c¢dlgegof the synbol frequency conponent
synthetic filtering section 165 is about 1/2 of that of the integral
synthetic filtering section 155. Nanely, the <circuit scale of the fourth
enbodi nent is snaller than that of the third enbodi ment. Thus, the
fourth enbodi nent can obtain the delay tine difference between the
~detecting sections.that is caused by diversity nore accurately than the
second enbodi nent can. Consequently, the deterioration of bit error rate
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characteristic and synchroni zation characteristic that is caused by del ay'
time difference can be prevented nore - efficiently in the fourth

enbodi ment. Further, this timng recovery section 5D is applicable to any

diversity schene (selective synthetic, equivalent gain synthetic or

maxi mum ratio synthetic) used for gﬁgié(eésity section 4A. - As with
the first enbodi nent, the phase det ections 62A and 62B in the -
timng recovery section 5D can efficiently extract a synbol frequency
conponent fromthe baseband reception phase data regardl ess whet her the

i nput signal is of randogrpattern-or-preanbi-e- p-a-t-t-e-r-n---‘Fhe-e-ynbol ------
frequency conponent sy Q h __synt hesizes the s'ynbol
frequency conponents cjm hg f fom,ene langh :E‘?'.and t hen obt fi ns the ti!m ng
phase difference data and t hq . sREhaPleqfend| cdnponent ghantity by it he
operation sipgilar to hat i PEIER D e.s]tion g—teTTrsts E
enbodi ment . (ﬁ Nsequgnt] y, .Ene Eﬁgﬁ i il ca eal i ze| theBfiygrisity
effect while Ogducigg [t heijct e. In g ke zﬂe_,glgrq
enbodi ment, the foulth ertjddi ma,g,tb.ycag real | |4 reovks\2EHGt | on
5D that is hardly %f,t%tec y R ng and el EFE“R|Hi rd
enbodi nent, t&5 phas&|&ni|rol qE@E% det e é}ﬁg@gtgs
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at the time of line disconnection as“with the first enbodinent, allowng -
'to maintain timng synchroni zation even during |ine disconnection.

Thus, the timng recovery section 5D realizes high-speed phase pull-in
characteristic and low jitter characteristic in steady state regardless
whet her the input signal is of random

-152- pattern or preanble pattern. F@ /@ even in a poor line condition
that may cause |ine disconnection occurs, timng synchronization can be
mai ntai ned. It should be noted that the conmponents constituting the timng
recovery section 5D can be inplenented by sinple digital circuitry. That
is, the timng recovery section 5D can be reakizedgby digital circuitry

than can be easily inplenented on LSI. e« |8 his fourth enbodi nent, the
nunber of branches of the diversity receivs atus K=2. It will be
apparent ‘that K may be any natural nunber ﬁig thhan 2. The diversity
recei ving apparatus having K sets of bragch ves Ssignals by K sets
of antennas and converts K sets of recehufd siéhggégto K sets of baseband
phase si gnal S0 - D '
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respectively to output the converted-signals.. The diversity receiving
apparatus conprises K sets of detecting sections for outputting K sets of
recei ved signal powers, K sets of tinme delay sections provided with K sets
of delay times tl[err] through tKlerr] for elimnating the delay tine
differences of the K sets of detecting sections, K sets of sanpling
sections for outputting K sets of baseband reception phase data sequence
Y[err], a diversity section for ol Juri@y determination data sequence and
K sets of weighting factors Werr] and Werr] by using K sets of baseband
recepti on phase data sequence Y[err] and K sets of received signal powers,
a timng recovery section, and a Nyquist point extracting section.

The timng recovery section 5D conprises K sets of phase’ det ectj ng
sections, K sets of filtering mections, K setg,af phase dgtecthg sections
operating on a fixed clock, a ZFfrequency conv@%FRmg secti g, a Fynbol '
synt hesi zi ng secti on, Lus a5 2153-% an
integral filtering section, S@&bol frequer@EE&Eponent GuantBy

cal cul ating section, a phasEEEtference cal GEEBSg s, 8
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section, a phase control quantity deternining;séction, a phase-control'

section, and a timng phase control interval setting section. In the
present enbodi nent, the diversity receiving .apparatus using [err]/4 shift
QPSK nodul ati ng has been described. It will be apparent that the present

enbodi nent is also applicable to diversity receiving apparatuses using

ot her PSK nodul ati ng schenes such as QPSK nodul ati ng and BPSK nodul ati ng
as well as other nodul ati ng schenes2t§xN6ABK nodul ati ng. Nanely, the
present enbodi nent is applicable to any diversity receiving apparatus
using a nodul ating scheme in which the phase jitter of a received signal
has a periodicity and the tim ng phase is synchronized with that period
to extract infornmation data. Enbodi ment 5: In the fifth °

enbodi ment, a diversity receiving apparatus based on the diversity for
receiving signals by K =2 antennas. Atimng recovery section of this
enbodi nent uses baseband reception phase data nodul ated by [err]/4 shift
QPSK obtai ned by quadrupl e oversanpling. FIG 44, in which conponents-
simlar to those of FIG 1 are denoted by the sane reference nunerals, is
a block diagramillustrating a
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constitution of a timng recovery section 5E according to the present
enbodi nent. In the figure, reference nuneral 63C indicates a filtering
section. FIG 45 is a block diagram illustrating a constitution of the
filtering section 63C. In : -154- the
figure, reference nuneral 74C indicates an integral filtering section and
76B i ndi cates a synbol frequency conponent quantity cal cul ati ng secti on.
FIG 46, in which conponents sinilardt®A68de of FIG 6 are denoted by the
sanme reference nunerals, is a block diagramillustrating a constitution of
the integral filtering section 74Cin the fifth enbodinent. In the figure,
reference nuneral 168a indicates a filter operation stop data i nput
termnal and 168 indicates a wait gate generating section. FIG 47, in

whi ch conmponents simlar to those of FIG 8 are denoted by the sane
reference nunerals, is a bl ock dFéQIaQ?iII t1ating a constitution of the
synbol frequency conponent quantity calcul ating section 76B. In the
figure, reference nuneral 169 indicates a quadrant bit reducing secti-on,
170 indicates a conparator, 171 indicates a -
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subtractor, 172 indicates a selector,” and 169a indicates a filter
operation stop data output termnal. - The foll owi ng descri bes
operations of the fifth enbodinment. First, the overall operation of the
third enbodinment will be described. As with the first enbodinment, the
detecting section 2A, the tine delay section 60A, and the sanpling section
3A provi de quadrupl e-oversanpl ed f310sy g lgaseband recepti on phase data of
branch 1 and a received signal power of branch 1. The detecting section
2B, the time delay section 60B, and the sanpling section 3B provide

guadr upl e- over sanpl ed second baseband recepti on phase data of branch 2 and
a received signal power of branch 2. Resolution of the baseband phase data

is 5 bits. As with the first enbodinent, the a selective synthetic
-155- diversity section 61 Ns®s baseband reception phase data coning from
t he sanpling sections 3A and a i Med | pigngl gowers qf the branches
comng fromthe detecti¢ ' I on an - LCfLﬂ]&lgnal processi ng
based on P\ ! ~ '
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sel ective synthetic diversity, t her eby out p'ut.t'i-ng the sele and
reception phase data sequence and a select- after-detect signal.

with the first enbodi ment, thg Q- ¥ ‘¥ section 5E per
regeneration by using the bas 35&-@;3[2% £ %}0 ase data sequef ﬁe ’aced
. sel ect-after-detect signal ci ctive syntheti yl
section 61 to control the regenerated quadruple frequency cl ock phase

that the baseband reception phase 8ala/ & 6Nyquist point positions are

sanpl ed. The tim ng recovery section 5E also generates a regenerated cl ock
for extracting Nyquist point data fromthe synthesized baseband reception
phase data outputted fromthe selective synthetic diversity section 61.
Further, the timng recovery section 5E operates in the sarre way as the
first enbodinment to calculate a difference in the signal delay period

bet ween the detecti ti and 2B, out put elay tinme
interval setti gcfsié%al sétif (r%)and t2[err$ff él | n’&g&JB gﬁhﬁs del ay

time difference. ~ The Nyqui st point extracting section 6 extracts-

Nyqui st poi nt data ff@?the out put of the selecti veg&éversi ty section 61

by using the regenerat clock comng fromthe timn recovery section 5E,

as with the first.embodhnment. In order to eliminate thhe delay time
difference, the tine de] ay

PD1

o -

AV Y

> IS ‘-‘?"Ez" -> IS

PD2

FIG. 33 (C) FIG. 33 (D)

Qs Qs

PD4

—=> IS




. . . T
sections 60A and 60B set the nunber of shift register stages to 1 to nx
according to the delay tine setting signals tlferr] This Sheet Has Been R, laced
-156- and t2[err] after calculation of the delay tinme, as -
enbodi nent . . I'n what follows, -operations of the timngn y
section 5E Fl SLpmaLeas i ﬂn_, Li ke the first enbodinent, the syn
baseband receo;ﬁo ; o coniq92EVQy1 he selective synthetic
-diversity sdct i onRERLA teged in tHe phase detecting section 62. The
phase detecting section 6 out put s even-nunber sequence synt hesi zed synbol
frequency conponent data and odd-nunber sequence synthesized synbol
frequency conponent data. The filtering section 63C obtains timng phase
di fference data,_a_sypbol frequency_conponent quantity, an UP signal and a
DO si gnal by ¢si lglhe Sed SnAnﬁer sequend® gy hesi%ea s;(rsr )
frequency conponent data and odd-nunber sequencé ggnthe i zed 1ol
frequency conponent dagQg given fromthe phase detecti&g section 62 to
out put the obtained reSL%ts. Qperations of the fu tering section 63C

wll be
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sequence
t he

comng fromthe input term nal
outputs a

nunmber
frequency conponent
the sanme operation as

63c are entered in the frequency
he first enbodi nent,

t he even-
g

rting section 72
n
t

nv
Eerforni
As with

in FIG 45,
B

X3

sequence synt hesi zed synbol

frequency conponent data
fromthe input term na

described with reference to FIG 45.

synt hesi zed synbo
63b and the odd- number

data com ng

converting section 72. The frequen
conpl ex direct-current conponent d

that performed in the first enbodi nment.
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102

conponent
filtering section

for stopping an infinite inpulse
sel ect or

frequehcy
I nt egral
t he

t he synbol
i 8y 2ABclll ating section 76B with

The follow ng descri bes operations of the
frequency conponent quanti

Al so,

63i .

filtering operation and neking the filtering section 74C perform an
oper ati on.

accunul ati ng

guantity calcul ating section 76B sends to the
synbol

74C the filter operation stop data

from t he output term na

data com ng fromthe

76a wth the integrated

reference to FIG 47. As with the first enbodi nent,
data convert

outputs data comng fromthe input term nal

or t hogonal
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-158- the first enbodinent, a relatively small circuit scale can suppress
the calculation error in the synbol frequency conponent quantity in the
fifth enmbodi nent. The foll owi ng describes operations of the integral....
filtering section 74C using the tim ng phase difference data wth
reference to FIGS. 47 and 48. As described in the description of the first
enbodi nent, the error in the synbol éLLE %ﬁncy conponent quantity com ng
fromthe selector 102 can be obtaﬁ% 6§ sing the timng phase difference
data. Tim ng phase difference data [err] indicating a data range of 0O to
2n [radian] is expressed in 5 bits of O to 31 as with the first

enbodi nent. Let the original synbol frequency conponent—ete—ty—he—f

then the rel ation between the renmninder fron1therd+vF tanfaf--Ferr] by
err]/2 [radian], nanel nod err], [err]/2) and tHe s ol | ftegpengy -
" . ] . 1 - N
conponent quantity outputted fromthe select@s 102 ifs aﬁgshoAngln FI & 48.
As seen fromFI G 48, the synbol frequency ¢ ohent i t ya oug pufjted
: M T —l ot w!
fromthe selector 102 will not present a valuey | =3tz | oo
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greater than the original synbol frequéncy conponent A. When nod([err],

[err]lzﬁh,s:ShéaHgBéa{ agea\ X COSgalg 4)) indicating a Iargest error fromA

i's presep tim ng : it X data [err] is converted by
~the quaﬂunn !m |ng sedqtion REP HRen FS"147 into nod([err],

[err]/2) or ! - rrfl, [err]/2) with [err]/4.

In the fifth enbodl ment, [err]/4 is equalent to "4". If.nmod([err],

[err]/2) is greater than [err]/4, the subtractor 171 outputs data obtained -
by subtracting nmod([err], [err]/2)3fgomgigrr]/2. In the fifth enbodinent,
[err]/2 is equivalent to "8". O herw Se, the subtractor 171 outputs a
signal for selecting nod([err], [err]/2). .

-159- The selector 172 selects the signal outputted fromthe conparator
170 as a select signal. Then, the selector outputs the selected data from
the output termnal 169a as filter operation stop data. Therefore, in the
fifth enbodinent, the relationship between nod([err], [err]/2) and the

filter operation stop data is as shjwn in FIG 48. en phasgdcontrol
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tism ng phase difference data [err], the synbol- frequency conponent
quantity comng fromthe selector 102 is |oaded in the in-phase integral
conponent data and "0" is loaded in the orthogonal integral conponent data
inthe integral filtering section 74C by the phase control conplete signal
as with the first enbodi nent. Because of a calculation error, the synbol
frequency conponent quantity presents a value smaller than the original
conponent quantity A The selector 102 outputs such a synbol frequency
conponent quantity to the integral 3fT A 6r6 ng section 74C. The synbol .
frequency conponent quantity after phase control becones
cos(x[err]/16)(where x denotes filter operation stop data) tines the

synbol freguency conmponent quantity before phase control. Consequently,
if the filter operation stop data x is not 0, the synbol frequency
conponent quantity is lost at the tinme of phase control. In the

integral filtering section 74C of FIG 46, if the synbol frequency
conponent quantity does not exceed the threshold value for infinite

i mpul se response switching, processing is perforned in which the outputs
of the registers 96A and 96B are accunulated. In the first enbodinent, if
the synbol frequency conponent -quantity exceeds the threshold

FIG. 39
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-¥60- value for infinite inpulse response swi.tching, switching is nade
such that the integral filtering section 74C perforns an infinite inpulse
filtering operation in which the outputs of the registers 96A and 96B are
multiplied by a (< 0) every synbol to be accunul ated. However, unlike the
first enbodi ment, an accunul ation may be continued w thout the
multiplication by a (< 0) in the fi3h/eBtfdi nent. If the synbol frequency
conponent quantity is lost at the tine of phase control, the accunul ation
wi thout the multiplication by a (< 0) for the tinme equivalent to the tine
constant of the infinite inpulse filter equivalent to the |ost synbol
frequency conponent quantity even if the synbol frequegg§5 conponent
quantity has exceeded the threshol-d value for infinit&gnpulse response
swi t chi ng. That is, in the fiidd enbodi ment, evgeg=tine phase

control is performed, the tinme consEfig TW([synbol s] B&®he infinite :
I mpul se filter equivalent to a | oss B x[err]/16) ofFefgge synbol frequency
conponent quantity is calculated. |Ee&he infinite irg8ulse filter using a,

TWthat satisfies

gﬁﬂ
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(25)
Then, ...

TWis obtained from
48.

filtering

Consequent |y,

I nt egral
conponent quantity

in FlIG
multiplication by a is

frequency

t he
equi valent to TW[synbol].

l og[err](x[err]/16)
3 9 L& 6i nued in the

T™W

then TWis a val ue shown

may only be cal cul at ed.
i s perforned,

= a[err]

the formula (25) bel ow
if a = 0.98,

every tinme phase contro

cos(x[err]/16)
For exanpl e,

accunul ati ng operation
so that the | oss of the synbol

interrupted for a period of tine

the sinple
secti on 74C,
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49. \Wen the output of the wait gate generating section 168 presents |logic
"1", the selector 99 outputs "1"; when the output of the wait gate
generating section 168 presents logic "0", the selector 99 outputs "a".
Thus, the integral filtering section 74C switches between accunul ating
operation and the infinite inpulse filtering operation. It should be

noted that the conversion fromx t4 Y6 be realized by use of a ROM
For exanple, if a'=0.98 a ROMmay only be prepared that outputs "0, 1,
4, 9, 17" as TWwhen the filter operation stop data of FIG 48 "0, 1, 2,

3, 4" are entered. (A) through (E) of FIG 49 indicate the operations
of the integral filtering sectiorf374C when phase contLgl using timng
phase difference data "13" is perf@rned first and ther@ ase control using
tining phase difference data "dBiafis. perforned in aZHB&®@ in which the
synbol frequency component quaBfgig has sufficient| BE&Zeded the infinite
I mpul se - response swi tching three Hl. First, the sy B3 equency

conmponent quantity cal cul ating tion 76B obtains f'_i' r operation stop
ference datgy "13'm(r d (O
t1ng sect rr\<168 tgins "TW= 9" flrom’

data "3" fromthe timng phaseﬁdi

of FIG 49). The wait gate geRer S
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-162- operation stop data "3" to output a signal indicating logic "1" for -
9 [synbols] (refer to (D) of FIG 49). Then, during the tinme when logic
"1" is present for 9 [synbols], the integral filtering section 74C
performs an accunul ating operation. The integral filtering section 74C
keeps performng the infinite inpulse filtering operation until second
phase control is perfornmed. At thq; &I)ﬁﬁ @f ‘'second phase control, the
synbol frequency conponent quantity™“cadl Cul ating section 76B obtains filter
operation stop data "2" fromthe tim ng phase difference data "30". The
wait gate generating section 168 obtains "TW= 4" fromthe filter
operation stop data "2" to output a signal indicating logic "1" for 4
[synbols]. During the time when logic "1" is present for 4 [synbols], the
integral filtering section 74C keeps perform ng the accunul ating
operation. Then, the integral filtering section performs an infinite ,
inpulse filtering operation during thetinme when the wait gate generating
section 168 outputs leg® "0". =+ Thug, in the™filtering-secti 63C

according to the frfif fenpodi net, tthe Mtedal ¥ilteri ng” spcti off 74C
) < \ *
- - - - -
0 0 0 ) 10
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temporarily switches the infinite inpulse filtering operation to the
accunul ati ng operation according to the synbol frequency conponent

quantity | ost at phase control to conpensate the |oss. Therefore, wthout L

usi ng the weighting section 103 having large circuit scale as shown in
FIG 8, the increase in jitter and the deterioration in synchronization
characteristics due to the error in4:ggy?uéating synbol frequency conponent
guantities can be avoided. The phase difference cal cul ati ng section 75
-163- calculates timng phase difference data fromthe integrated

ort hogonal data and the integrated in-phase data as with the first

enbodi nent to output thegresult fromthe output termnal 63h. The random

wal k filtering secti A7 operates in generally the sane th
the first enbodi et [to output-an-tP-stgrak-{rom+the-cuiyut-t-erri-pal |63
and a DOM si gn@SHom the output t¢gm nal p3k. = T tining phade
difference data, =% ol ﬂrequency coipMeent | quantd ty, ard UP and DOYW
signals outputted fjrog et oAl | pr—636—ar-e—entdred—na—the| fhase
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guantity determ ning section 65. The-phase control quantity determning
section 65 determ nes phase control data as with the first enbodi nent.
Then, the phase control quantity determ ning section outputs the

determ ned phase control data at a tinme interval set by the tim ng phase
control interval setting section 64. The phase control section 66 controls
the cl ock phase based on the phase Q§6y data as with the first

enbodi ment to out put a phase control nplete signal, a regenerated clock,
and a regenerated quadruple frequency clock. The operation for
measuring the difference in the delay tinme between the detecting sections
2A and 2B is the sane as that performed in the first enbodi nent. Nanely,
the tinme delay difference cal cul ating sectidﬁgﬁz outputs tlferr] and
t2[err] by using the phase icontrol data, AFCZHR~S|gnaI AFC DOMWN signal,
| i ne di sconnection detec ﬁgnal and freque@gogew ation rreasg

conpl ete signal outputte g he phase cetdzepk quantity det qgg?ng
section 65 and the sel ect2<f-'15§§sr- det ect si @Eﬁﬁut putted frorrt:I Heo
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-164- diversity section 61. The time-delay sections 60A and 60B perform ~

an operation for elimnating the delay tine difference based on tl[err]
and t2[err]. Thus, in the fifth enbodinent, as with the first

enbodi ment, the difference in delay tinme between the detecting sections
caused by select-after-detect diversity is elimnated, thereby

i npl ementing the diversity receiving apparatus that can prevent the
deterioration of bit error rate chaqaﬁ%e§i§tic and synchroni zati on
characteristic caused by the delay ti iTference. The phase detecting
section 62A in the timng recovery section 5E can efficiently extract the
synbol frequency conponent fromthe baseband reception phase data
regardl ess whether the input signal is of random pattern or preanble
pattern, as with the first enbodinment. The filtering section 63C can
obtain with precision the tininnghIsgadifpﬁr ce data ‘and the synbol
frequency conponent quantity by véi HMng eVadverse effect due to the
error in synmbol frequency conponent quantity by a circuit scale smaller
than that of the filtering section of the first enbodinment. As with the
first .enmbodi ment, the phase control quantity determ ning section 65
detects |line disconnection and, if line disconnection is found, perforns
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centrol to maintain timng synchronization during |line disconnection.
Thus, the timng recovery section 5E realizes high-speed phase pull-in
characteristic and low jitter characteristic in steady state regardless
whet her the input signal is of random pattern or preanble pattern.
Further, even in a poor line condition that may cause |ine disconnection,
the timng -165- recovery section 5E
can maintain timng synchronizatioqr5br6 ghoul d be noted that the
conponents constituting the timng recovery section 5E can be inpl enented
by sinple digital circuitry. That is, the timng recovery section 5E can
be realized by digital circuitry than can be easily inplenented on LSI.
In this fifth enmbodi ment, the nunber of branches of the diversity
receiving apparatus K= 2. It will be apparent that K nay be any natural
nunber higher than 2. The diversity receiving apparatus having K sets of
branches receives signals by K sets$§E antennas and converts K sets of
received signals to K sets of baseba phase s@n§§
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respectively to output the converted signals. .The diversity receiving
apparatus conprises K sets of detecting sections for outputting K sets of
recei ved signal powers, K sets of tinme delay sections given with delay
times tl[err] and tK[err] for elimnating K sets of delay tine
differences, K sets of sanpling sections operating on the regenerated
quadruple frequency clock for outputting K sets of baseband reception
phase data sequence Y[err], a sel c%%y%%éynthetic diversity section for
sel ectively outputs a val ue having e ghest received signal power from
the K sets of baseband reception phase data sequence Y[err], a timng
recovery section, and a Nyquist point extracting section.. The tinme
del ay difference calculating section in the timng recovery section
outputs .the select-after-detect signal for indicating which branch (1 to
k) has been selected and the delay tines tlferr] to tK[err] for
elimnating K sets of delay tinme differences by using phase control data.

- 166- In the present. enbodi nent, the diversity recei-ving
mc\
'40
o
[T : ~
%a © = & O ~ O @
& | _
nz
=
HZ
-~ © o -
O -~ = -~ = -~ VY
ey ez
O Z28—i :
Z_0=u R R m R m R R
RBEES| @ % @ % @ 4 &
©
BEHgG Mm 0O O O O 0O Q.
'Esgga © O O 0O O o,a 3]
2O 0 s o > o D O
o0 O O O O 0530 o
I B B B B S
<
° e § < —
L) ~ = o~
Q) GS R e
2 M~ NN BN BN N
—~ Hzg B R m B m R R
- qE° |8 8383¢z83
229 O O O 0O O U O
0w~ X X X X X X X
R A A4 & & &
v =
2 88
H 2 H e
KEOHKHA
rz'll-lé O ™ N ™M < ™M N o~
B4 oGy :
~HOMEO
H R
MO0
~
~.
R
ETOHNMQ'U)\DI\
go - '
2«




appar at us using [err]/4'shift QPSK nndulatihg:hés been described. It will
applicable to diversity

be apparent that the present enbodi nent
recei ving appar atuses usi ng ot her
nmodul ati ng and BPSK nodul ating as wel |

PSK nodul ati ng. Nanely,

diversity receiving apparatus using a nodul ati ng schene
jitter of a received signal has a ri,Qdj
EAIA

synchroni zed wi th that

descri bed and according to the present

is also
PSK nodul ati ng schenes such as QPSK
as ot her

t he present enbodi nent

period to

] synbol frequency conponents not

can be extracted by signal

nodul ati ng schenes t han

is applicable to any
in which the phase

city and the timng phase is

i nfornmati on dat a.
i nventi on,

As

dat a sequence i ncl uding
affected by carrier frequency deviation.

processi ng-including sinple addition and

subtraction fromthe received phase data sequence Y[err] (i. being a
natural nunber 2 or higher) obtained by X-tines-oversanpling (X being a
natural nunber 4 or higher) the received PSK-signal.

t he data sequence incluyding j synbol
syrfbol frdgq
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regeneration inplenents the timng recovery apparatus that is hardly

af fected by noise and not affected by carrier frequency deviation.
Further, by frequency-converting data sequence including two synbol
f-requency conponents having a phase difference of

-167- J[err]/4 in radian into one conplex direct-current conponent
enhances the S/ N ratio. Lompass-frltg&%(g h?e direct-current conponent
through integral filtering means can a synbol frequency conponent
guantity and a tim ng phase difference. Wen phase control is perforned
'such that the timng phase difference is canceled, resetting the

I ntegrated orthogonal data of the integral filtering neans to zero and
setting the synbol frequepcy!COMPIONENC-yuantity-to-ttre-~imtegrated-tn- phase

data can synchronlze t he |sypbo] cl &k phasg w tjh aJ$NQUISt ppi nt mhlle
nai nt ai ni ng the synba éﬁpe1cy & nponent acdumuléa teg in the |ntégral
filter. Consequent|s a: timnp regvery LS Jmedbac type. havi ng
hi gh- speed phase pul g cha[a,terﬁgl c and IENLJ it g Seharacteri Stll cin
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Still further, by the signal processi-ng including a sinple accunul ating
operation, a timng recovery apparatus can be realized having integral
filtering neans capable of quickly accurnulating synbol frequency
conponents w thout causing an overfl ow. Yet further, filtering the
synbol orthogonal component signal and the synbol in-phase conponent
signal by an infinite inpul se response filter after accunul ating the
synbol frequency conponent can reahigg/g éining recovery apparatus having
integral filtering means indicating goo phase follow characteristic.
Additionally, a timng recovery apparatus is provided which can realize
phase difference cal cul ating neans for calculating timng phase difference
data by using integrated orthogonal data and integrated in-phase data by

means of -168- signal processing
including |inear approximation processing based on sinple accunul ati on.
Still additionally, phase difference cal culating neans '
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is realized by signal processing including |inear approximtion processing
‘based on sinple accumul ation and by sinple nonlinear conversion
processing. Atimng recovery apparatus is realized in which timng phase
difference data having less errors than before are obtained fromthe phase
di fference cal cul ati ng neans. ~ Yet additionally, a timng recovery
apparatus is provided that can realize synbol frequency conponent quantity
cal cul ating means with a sinple con 0tdt 6n conposed of conparators and
sel ectors by using integrated orthogonal data and integrated in-phase

dat a. Moreover, a timng recovery apparatus is realized that can
obtain the synbol frequency conponent quantity having |ess calculation
errors by nmultiplying a value obtained by sinple signal-processing through
conparator and selector by a weight obtainedfromtimng phase difference
dat a. Still noreover, a timng recovery apparatus is realized in

whi ch an operation by |nf|n|te0|npulse filtering ﬂﬁans is stopped during a
period corresponding to the n of synbols obtaT A& by sinpl e means
based on tim ng. phase differenc ta to perform an gccunul ating
operation, thereby preventing the risegction in the synbol frequency
conponent quantity of the filte ti m ng phase contjrol caused by the
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calculation error of the synbol frequency conponent and, at the sane tinéf'

reducing the clock jitter. Yet noreover, a timng recovery apparatus
of feedback -169- type'is realized in
which integral filtering means of a snmall tine constant is used only at

cl ock phase pull-in and random walk filter nmeans is used which can be

constituted by sinple neans including an UP/ DOMN counter in steady state,
thereby realizing a small har dvvare5510/ar163.6 The randomwal k filter

according to the present invention operates by using the sign bit of a
synbol orthogonal conmponent signal having good S/N ratio, thereby
realizing a timng recovery apparatus providing better clock phase follow
characteristic and low jitter characteristic than those in a timng
recovery apparatus using a conventional randomwal k filter.

Furthernore, a timng recovery apparatus is saealized in which resetting

i ntegrated orthogonal data and integraﬁ#d i.M@ phase data of integral
filtering means to zero in phase contkpl ingsteady state allows use of the
integral filtering neans also in gLeadW sta®e tp nonitor the synbo
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conponent quantity and tim ng phase difference data accunul ated during
non-control of clock phase for knowing |ine condition. Still
furthernmore, a timng recovery apparatus is realized in which a

send/ recei ve clock base oscillation frequency deviation is measured using
phase control data and, if |ine disconnection is detected, the synbol
clock is made follow the phase jitter caused by the clock base oscillation
frequency deviation by using the ”ESSQB?% Falue, t hereby rmaintaining clock
synchroni zation even in a poor conditToén hat nmay cause line

di sconnecti on. Yet furthernore, a timng recovery apparatus is
realized having clock base oscill-ation frequency deviati on neasuring

-170- means for measuring a clock base oscillation freqguency deviation

Wi th precision by sinple signal processing including an accunul ating
operation based on phase control data. Besides, a timng recovery

apparatus is provided in
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whi ch further high-speed timng phase: pull-i-n:characteristic and
lowjitter characteristic can be realized by switching the period of

ti mng phase control interval setting signal between timng pull-in state
and steady state. Still besides, a diversity conmuni cation apparatus
is realized in which the delay tinme difference of K sets of baseband
phase signals are calculated by the timng recovery apparatus and the
obtained delay tine difference is a@/#60 by K sets of time delay neans
to prevent the deterioration of bit error rate characteristic and timng
synchroni zation characteristic that may be caused when a filter having a
| arge group delay difference is used. Yet besides, a diversity
comuni cation apparatus is realized in which, of K pieces of timng phase
difference data, K sets of UP signals, and K sets of DOM signals .
obtai ned by K sets of phase detecting neans and K sets of filtering neans
havi ng randomwal k filtering, the timng phase difference data, UP signal,
and DOMN si ghal having the greatest synbol frequency conponent quantities
are selected to be used for timng phase control, thereby perform ng
timng regeneration based on data of high reliabilidy. This constitution
al so enhances pull-in and jitter charactq&istics.;?lso, a diversity

comuni cati on appar at us <. )
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is realized having tinme delay difference neasuring neans for

-171- nmeasuring with precision the difference between the delay tines of
K sets of baseband phase signals. Further, a diversity comunication
apparatus is realized in which K sets of asynchronous sanpling neans is
provided for tine delay difference neasuring means and, by neasuri.ng the
delay tine difference of baseband phase signals by using K sets of
asynchronous received phase data sgagerigeg the delay tine difference can
be quickly measured with precision wthout being affected by the clock
phase control by the timng recovery apparatus. Still further, if K
sets of -integrated orthogonal data and K sets of integrated in-phase data
obtained fromK sets of phase detecting neans, K sets of frequency
converting neans, K sets of synbol synthesizing neans, and K sets of
integral filtering nmeans are synthesized to calculate a timng phase

difference to be used for timing phase control, timing regeneration can be
performed with data having high S/Nratio. In this case, the pull-in and
jitter - =1
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characteristics can be enhanced still :further.. Also, a diversity

comuni cation apparatus is realized.in which the delay tinme difference of
K sets of baseband phase signals can be obtained through sinple signal
processing including addition and subtraction. Yet further, if K

pi eces of even-nunber sequence synthesized synbol frequency conponent data
are all added, K pieces of odd-nunber sequence synthesized synbol
frequency conponent data are all adgﬁg, ngd the resultant tw added

val ues are used for timng phase con¥r Y’gﬁgcalculating ti mng phase

di fference data through one frequency converting

-172- nmeans, one synbol synthesizing neans, and one integral filtering
means, a diversity conmunication apparatus with reduced hardware scal e can
be reali zed. Furthernore, if K sets of received signal powers are

mul tiplied by each of K pieces of even-nunber sequence synthesized synbol
frequency conponent data to be added and the resultant added value is

out putted as even-nunber
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sequence total data, and K sets of received signal powers are nmultiplied-
by each of K sets of odd-nunber synthesized synbol frequency conponent
data to be added and the resultant added value is outputted as odd-nunber
sequence total data, a diversity comunication apparatus presenting nore
excel lent clock synchronization characteristic. Still furthernore,

if determ nation data sequence comng fromselective synthetic diversity
nmeans is used, the timng recovery aggg;?tus calcul ates the delay tine
difference of K sets of baseband pha fls, and K sets of tine del ay
means meke zero the delay tinme difference of the baseband phase signals, a
sel ect-after-detect diversity conmunication apparatus is realized in which
the bit error rate characteristic and tim ng synchronization
characteristic are not deteriorated by use of a filter having a | arge
group delay difference. - . - -173-
What is clained is: 1. A timng recovery apparatus (5A
conpri si ng:
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pkase difference neans (68A-68H). for -generating, based on received

phase data sequence Y[err] (i being natural nunber 2 or higher) 5

obtai ned by sanpling a received signal by an X-tines (X being nat ur al
nunber 4 or higher) oversanpling clock, | differential data sequences
Z[err]( = Y[err] - Y[err]) conposed of differential data which are

di fference between pieces of . received phase data separated from each
other by j sanples (j 10 bei ng gggur?{ nunber 1 or higher);

phase jitter quantity cal cul ating ,Hg §9Av69[» for converting each
differential data range of j differential data sequences Z[err] to
Z[err] to a range of 2[err] to [err] in radian notation to obtain an
absol ute val ue thereof and output at |east one of 15 phase jitter data
sequences Werr] to Werr] including j synbol frequency conponents;
and (62) phase detecting neans
(62) having ©an even-nunber sanpl e synthesizing section (71)
whi ch i nputs each of phase jitter data sequences from said phase 20
jitter quantity cal cul ati ng neans, synthesizes even-nunber . phase
jitter data sequences after delaying the even-nunber phase jitter
data sequences such that phases of synbol . frequency conponents o
i ncluded in said even-nunber phase jitter data sequences are matched
to each other, and outputs 25 a synthesized signal as even-nunber

sequence synt hesi zed F I G 5 9

/2




synbol frequency conponent data, and : - an odd- nunber sanple

synt hesi zi ng section (70) which inputs each of phase jitter data
sequences from said phase jitter gquantity cal cul ati on neans
synt hesi zes odd- nunber phase -
-174- jitter data sequences after delaying the odd-nunber phase
jitter data sequences such that phases of synbol frequency conponent s
included in said odd-nunber phase jitt&r8gdigag sequences are natched
to each other, and outputs a 5 synt hesi zed si gnal as odd-nunber sequence
synt hesi zed synbol frequency conponent dat a. 2. A
timng recovery apparatus according to claim1l further conprising:
10 frequency converting neans (72) for addi-ng a val ue obtai ned
by multiplying the even-nunber sequence synth5§ized synbol frequency
conponent data by conpl ex synbol frequency & __conponent on receiving
side to a val ue obtained by fuLI §pl y ngE}ﬁeradinunber sequence
synt hesi zed synbol é = :
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15 frequency conponent data by conpl ex synbol frequency conponent
on receiving side delay by [err]/4 in radian to generate a conpl ex

di rect-current conponent;. synbol synthesi zi ng nmeans (73) for
synt hesi zi ng an ort hogonal conmponent and i n-phase conponent of said
conplex direct- 20 current conmponent for one symbol each to generate a
synbol ort hogonal conponent signal and a synbol in-phase conponent
signal for each synbol; (74) integral filtering nmeans (74)
for. filtering said synmbol ort hogonal conponent signal and said
synbol in-phase 25 conponent si gr%IQ?néi gut putting integrated orthogonal
dat a and i ntegrated in-phase datf; '

(75) phase difference cal culating neans (74) for calculating a
timng phase difference between a Nyquist point and a synbol cl ock
in a receiver by use of said integrated orthogonal data -175-
and said integrated in-phase data and outputting a cal cul ated phase

difference as timng phase di fferl.::_n.c[e éat a; (76)
. 61 :
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fidtering means (76) including symbol - frequency conponent quantity
cal cul ating neans (76) for calculating the synbol 5 frequency conponent

guantity accurnul ated by said integral filtering neans;

timng phase control interval setting neans (64) for outputting a
signal of U (being natural nunmber 1 or higher) synbol period) as a
timng phase control interval setting 10 si gnal ; phase
control quantity determ ning nmeans (65) for latching the tim ng phase
difference data outputted fromsaidgQ, /76 giltering neans in the period of
said timng phase control interval setting signal and outputting a

| atched data as a 15 phase control signal;and “phase control
means (66) for dividing a base oscillation clock of the receiver to
out put the synbol clock and a X- ti mes oversanple clock and, if said
phase control data have been entered, controlling phase of said
synbol clock and 20 phase of said X-tinmes oversanple clock phase by said
phase control data, resetting said integrated orthogonal data in
said integral fingering neans to zero, and setting said synbol
frequency conponent quantity to said inti%rated i n- phase data. 25

(OUTPUT)
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{ 1 { ! I l: 1 |
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3- Atimng recovery apparatus according to clal m 2 wherein the
integrating filtering neans conprising: limter accunul ating

rreanﬁsgh%ﬁaq Qe 95B, 96A, 96B, 97A, 97B, 98, 99) for , if said synbol
freq rrponent quantity indicates to be bel ow an accunul ati on
-1761 I!I" ﬁl ol d val ue, accumnul ating said synbol orthogonal

conp d said synbol in-phase conponent si gnal

respectively so as to generate intgg rTgorthogonal data and

integrated in-phase data and, if sal ol frequency. 5 conponent
quantity exceeds said accunul atio - e, di vi di ng

accunul ated val ues of said synmbpiy® SHEHO { conponent signal and
sai d synbol in-phase conponent |gnaIRgBLAGED X D being natural nunber 2
or higher) respectively so as t . gener at e sai d int egrated orthogonal
data and said integrated 10 i n- phase dat a. 4. Atimng
recovery apparatus according to claim?2 Wherein the integral
filtering neans conpri sing: unpl at{ ng nmeans (94A, 94B) for,
if said synbol frequency FIG 6’;\c§ ntll&)
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156 conponent quantity indicates to.be below an infinite inpulse
response switching threshold val ue, accunul ati ng said synbol :

ort hogonal conponent signal and said synbol in-phase conmponent si gna
respectively so as to generate integrated ort hogonal data and
integrated in-phase data; and 20 infinite inmpulse filtering neans
95A, 95B, 96A, 96B, 97A, 97B, 98, 99) for , if said synbol _ frequency
conponent quantity exceeds said infinite inmpul se response sw tching
threshol d value, filtering said syf3L”/ 6 6 ort hogonal conponent si gnal
and said synbol in-phase conponent signal through an infinite

i npul se response filter 25 respectivel.y. 5. Atimng
recovery apparatus according to claim2 wherein the phase difference
cal cul ati ng neans conpri si ng: : i ntegrated data absol ute val ue
converting neans (10A, 10B) for

-177- - out putting an absol ute value of said integrated orthogonal

data and an absolute value of said integrated in-phase data

FIG. 64
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as orthogonal integrated absol ute val:ue data -and in-phase i nt egrated
absol ute val ue data respectively;

(105) 5 conpared data cal cul ating means (105) for, if an

excl usi ve- OR val ue of a nost significant bit of sald i nt egrated

or t hogonal data and a nost significant bit of said integrated

i n- phase data is logic "O', multiplying said orthogonal integrated
absol ute val ue data by x (x belng natural nunber 1 or higher) 10 and, if
"said exclusive-OR is logic "1", n@I3pbyBng said in- phase i ntegrat ed
absol ute val ue data by x (x being nat ur al nunber 1 or higher) so as
to generate a phase difference cal cul ation threshold val ue, and
addi ng sai d i.n-phase i ntegrated absolute value data to said
orthogonal integrated 15 absol ute value data so as to generate total
absol ute val ue data; ’ i n-first-quadrant-range phase data
cal cul ati ng neans (108) for accunul ating said total absolute val ue
data and, if a result ' of the accumul ati on exceeds said phase
difference calculation 20 threshold value, outputting the nunber of
tinmes the accunul ation of the total absolute value data was nade at
that nonment as in-first-quadrant-range phase data; and quadr ant
i ndi cation bit adding means (115) for generating data : |nd|cat|ng a
gquadrant fromthe nost significant bit of said 25 i ntegrated orthogona

data and the nost significant bit of
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sald_integrated in-phase data and addlng the quadrant indicating'“'
data thus generated to the hig - sai d

i n- ﬂthh Q&am&;&g&ge phase UHEhSHEﬂaHASdEEH_-rate said timng

phase ' ' i o -178-
y apparatu OO i wherein the

|n flrs -qu ange phase data calculatlng means conpri sing:

(116) - phase data non-1|ige ﬁy onvertlng means (116) for

performng 5 non-|inear conversi o t he nunber of additions at a tine

when the nunber of additions of the total absolute value data

exceeded the phase difference calculation threshold value to out put

non-linearly converted data as the in-first-quadrant- . range phase

data. 10 7. Atimng recovery apparatus acfkord|®¢ to claim?2

neans

wherein the synbﬁ 'frequency conponent quantity cal cul ti N
d jor outputting

conpri si ng: pfit e val ue conparing neans (101
the | arger
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15 one of an absolute value of the.integrated orthogonal data and
an absolute value of the integrated in-phase data as the synbol
frequency conponent quantity. 8. Atimng recovery apparatus
according to claim2 20 wherein the synbol frequency conponent quantity
cal cul ating means conpri si ng: . absol ute val ue conparing
means (101) for outputting the Iar er one of an absol ute val ue of
the integrated orthogonal data / 66l an absol ute val ue of the

i ntegrated in-phase data as 25 conpared i nt egrated absol ute val ue dat a;
gquadrant bit deleting nmeans (169) for outputting the timng  phase -
difference data wi thout nost significant two bits i ndi cated a
guadrant as phase data w thout quadrant bits; . wei ghti ng data
cal cul ating neans (103) for, if the phase data _

-179- W t hout quadrant bits indicates to be bel ow a val ue
equivalent to [err]/4 in radian, outputting,said phase data W t hout
guadrant bits as weighting data and,] if sai ¢
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data wi t hout quadrant bits indi cat es-to be greater than the 5 val ue

equivalent to [err]/4 in radian, outputting a value obt ai ned by
subtracting said phase data wit hout quadrant bits froma val ue
equivalent to [err]/2 in radian as weighting data; and
wei ghting neans (103) for nultiplyi ng sai d conpared integrated 10
absol ute value data by a val ue equi&/ 6t o a cosine val ue obt ai ned
when said weighing data is indicated in radl an and outputting a
mul tiplied value as the synbol frequency conponent quantity. 15
9. A timng recovery apparatus according to claim?2 wherein the
synbol frequency conponent quanti.ty cal cul ati ng means @nﬁi si ng:
absol ute val ue conparing neans (101) for outputting the—terget orre—pf an
absol ute value of the integrated orthogonal data;--2@f=1:== In=japsjol uf e
val ue of the integrated in-phase data as o conpafed Entegrat pd abfol ute
val ue dat a; quadrant bit deleti ngnomeans 10@(; ol euf putt] ng
the timng phase difference data w t hout m)st iSig E%@@t 'tg\'b its
i ndi cated a quadrant as phase data w t hout quad-r"ént e 2b
filter operation stop data cal culating nmeans (176 1%3 %(fo:r | f
sai d phase data w thout quadré&nt bits indicates t‘g b¢s :
QO DD :
:: q_‘n zt :
iEm= ) & E
IQE =3 :
! (=]
= .3 88iEx <!
ot [~=1 1 2] =~ Iﬂ'
E~ | =1 2Ll == i
e = B |mome | %!
g = S 1SZimeo= '
25—t S mEISESES a0
=2 B 3 1S T eS|
So= > Il i PTmp=1 =1 B
© SSEE 25 x8[8 525
= it B T 182|225
=1 H
(o) —_aan R mo oo ax=En ' -3
ot "] ' 1 =
. m/\/o m/\ﬁ Iog (| g
[ o 0 beseoooofoapoma=- ! é bt
[} o2
. . [~
s 5 S P o] o
L oz 8 =2 = I~ = =
= e > 38D < <| <
e L Lol ™ o
(= et -t
ey - &S] (-1 =]
|Zase= X
- Ao | 7
w Q\,\‘ (-] (<2}
© 2 = | o
E S5
g<h’1E—¢
2 =583
bt = =TI
/ — ~
< S = =
) o m =8 ?
&= oY= 2 = =3
=< &= E}' 03]
255 =it ) B
> = -
Hal = fe o
=28 S—== q o |9 g
3| =2s] EER gz [5° ;
© w
o e o T e T © m
= < &= < = ]
el = - = = =3
22 S ma S B =2
e < o <1 o ;
=20 o £
ga . = B = oy = =
(29 = = a =
(2] fx] = =, O
— 5 =1
OO ot bt (.
2% 5 == 3
=0 <
RO



val ue equivalent to [err]/4 in radian, outputting said phase data

wi t hout  quadrant bits as filter operatlon stop data and, if - said
phase data wi thout quadrant bits indicates to be greater

-180-- than a val ue equivalent to [err]/4 in radian, outputting a

val ue . obtained by subtracting said phase data mnthout guadrant bits
froma value equivalent to [err]/2 in radian as filter operation st op
dat a, wherei'n said filtering means conprising: - a filter
operation stopping neans for, if timng phase control has been

per f or ned, | filtering operation for a
time set baéggl?gﬁr&ga?jd% Lrﬂ{e‘t Eb|“I“'&'d)§ﬂ?‘!i%perat lon stop data to perform an

accumul ati ng, ﬂTFt_ﬁr@ HUE INVENTION: A TIMING: RECOVEFRN APFAXNATYSARREr At Us

according to claim?2 wher ei n gireRisiY a0 MMURIDASTIONTAPPARAJIUS
random wal k filtering nmeans (77) f@sintf THECSAMEDO! frequency

conponent quantity exceeds a threshold val ue for recognizing
The timing recovery apparatus and the diversity

communication apparatus using the same realizes a high-speed
timing phase pull;in characteristic and a low-jifter
characteristic at the time of power-on sequence, recovery
ffom line disconnection and the like. The apparatuses also
prevent the bit error rate characteristic and synchronization
characteristic~froﬁ being deteriorated by signal delay time
difference. A received éSK signal is X-times oversampled.
From received phase data sequences.Y; obtained by the X-times
oversampling, a data sequence including_j symbol frequency
components not affected by carrier frequencyldéviafion is
éxtractéd by signal processing including simple adding and
subtracting operations. The data'sequence including j symbol
frequency components is synthesized to provide two data
sequences including symbol frequency components having a good
S/N ratio with nr/4 phase difference in radian and not
affected by carrier frequency deviation. Further, a data
sequence including two .symbol frequency components is used

for timing regeneration.



£

.15, " steady state, operates an up/down counter set to filter onstant"“
N by using a sign bit of the symbol orthogonal conpone@gé
out put an up signal for advancing the. synbol cl ock pha
up/ down counter reaches 2N or a down signal for delaying th nbo
cl ock phase when said 20 up/ down counter reaches 0 and, I ng
sai d up signal or said down signal, set said up/do §h%§ﬁ%§@%@§ﬁ% I d
filter constant N again; and 1 /’ﬁﬁireln sai d phaSe contr
guantity determ ning neans conprising: 25 - steady-state tine
phase control neans (78A, 78B, 79, 80, 81, 82, 83, 84) that, when said
synbol frequency conponent quantity exceeds said threshold val ue for
recogni zi ng steady state, does not use said timnmng phase dlfference
data conming fromsaidlfiltering neans for phase -c .

an instruction for advanci ng saidF T G. 19 synbolf ‘
said up signal is generate out put s phase contr ol T;g
sai d symbol clock pRBFECGO N and, when an instruction [fdr J/é'?%ln saﬁd
synbol cl ock: phase A ' 'B ’
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by said down signal is generated, outputs phase control data 5 for
~del ayi ng sai d:synbol clock phase. = . -~ 11. Atimng recovery
apparatus according to claim10 mhereln t he phase control means .
conpri si ng: integrated data resetting nmeans (66A) for P the
synbol 10 frequency conponent quantity exceeds the t hradps % for
recogni zi ng steady state, resetting the integrated orthé@bﬁ@?“ﬁ“y at a
and integrated in-phase data of sgiyd/i@tggral filtering means to zero
when controlling-the synmbol clock phase and the X-times oversanpl e
cl ock phase. 15 12. Atimng recovery apparatus according to
claim?2 wherein the phase control quantity determ ni ng neans
conpri si ng: cl ock base oscillation frequency devi ation
measuri ng (85A) 20 nmeans (85A) for, when the synbol frequency
conponent quantity exceeds a thresholgév I fo cog ng st eady
st at e, l{ﬁl ng 3 @ew aA on between nﬁ/tl:ice' | oc
oscillation fr 33 cl es by using the phase control data and, when t he
measurenent is conplete, outputting a frequency 25 devi ati on neasur enent
conpl ete signal indi c@ing neasurenent conplé%son and a synbol tine
until occurrence of a.Peviation
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in:the' clock phase for [err] digit by clock frequency deviation as
frequency devi ati on corrected dat a; ' automatic frequency contro
signal generating nmeans (85B) for

-182- generating, by use of said frequency deviation corrected
data, an AFC up signal for advancing the.synbol clock phasgubstitute shéetn
AFC down signal for delaying the rs‘ggb/?l %I ock signal; - 20 Febdiarp 1997
signal off-time phase control nmeans4 ék, 78B, 79, 80, 81, 82, 83, 84) for
outputting the phase control data for advancing the synbol clock
phase by said AFC up signal if an instruction for advancing the
synbol cl ock phase is. generated when said synbol frequency conponent
guantity goes below a threshold value for recognizing line 10

di sconnecti on a nd i i freguency devi atgro sur t conpl ete
signal indicates Iggu're nta' coa&eti on and - F II r@f}t pusti g phase
control data for del ayi t he synbol cl ock phasa if an instruction
for del ayi ng the synbol*tl ock phase by said AFC A(?own signal is

A
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13. A t| m ng recovery apparatus accor dl ng to cI aim 12 wherein the

cl ock base oscillation frequency devi-ation . ~measuring neans
conpri si ng: measuri ngti nme display neans (121) for operating an
up counter 20 by synbol clock to output an up counter val ue as neasuring
time data; . (&@Bstitute sheet
phase control data accumul ati ng neans (125) for accumul atydgen uary 1
control data to output an accunul ated val ue as phase {
accunul ated data; 25 frequ n i ati on neasurenent
(126) for di viding said rreasurgl %eﬁu me data by said pk&gmA@ﬂW%‘F&ET
~accunul at ed dat a; corrected data output neans (%23) _
resetting said up counter when said neasuring tinme data é%'egﬁﬁ 1897
t hr eshol d -183- 2\Jal ue for
recogni zing a frequency devi ati on neasurenent and | at ¢hi ng t he-
division result outputted fromsaid frequency devi at i
dividing means so as to output the g 3 5
) g2 1« Z D
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| at ched division result as corrected data; and 5 corrected data

averagi ng neans for averaging said . corrected data and outputting the
averaging result as frequency devi ation corrected data.

14. Atimng recovery apparatus according to claim2 10 wherein the
timng phase control interval setting neans conpri si ngyubstitute sheet
control interval setting signal varying nmeans (83, 84) foryqg Februaty" dag a
frequency of the timng phase cont ré)il/gg %rval _setting signal between
timng pull-in tine and steady state™“1 tinme. : 15. A

di versity conmuni cati on apparatus conpri sing: K (K bei ng natural
nunmber 2 or higher) sets of detecting means (2A, 2B) fo -l
signals received by K sets of antennas 20 into basebafd,

out put the sanme and outputting K sets of received di

K sets of tine delay nmeans (60A, 60B) each for giving a o
i ndi cated by each tine delay setting signal to each baseb

signal to output a tinme del ay=t nd e signal; 25
sanpling means (3A, 3C) each Ega-siéairre ?j( beiMmg
or higher) oversanpling said tinme del ay
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ba\se’ba‘nd- phase signal to output received phase dat a sequences Yerr]-
(i” being natural nunber 2 or hi gher) ; ' di verS|ty nmeans (4) for

capturing the K sets of received '

-184- phase data sequences Y[err] and said K sets of recel ved si gnal
powers to output a determ nation data sequence; ke st et
extracting nmeans (6) for extracting a Nyquist poi nt ﬂngB fudt f

synbol clock fromsaid determnatip }at a b5 sequence; and
or generating said synbol clock

(5B) timng recovery medh
for extracting the Nyquist point of a received signal and an X-ti mes
oversanpl e cl ock based on said K sets of received phase dg

sequences Y[err] to output K sets of tinme delay 10 setting s EBLACEMENT SHEE
indicating delay tine differences of said K setsyof bg ebhnf phase

si gnal s. 16. A diversity comrunication appar atius pcgo '
claim 15 wherei ngihe t § m ngglfecovery means conpri si ng: 15 Kzgle[FéEB()?SSP
phase detecting @Ens pd i
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even- hesi zed symbol frequency conmponent %la&aen’dq’
odd- nuﬂ ﬁ BE ayﬂhesi zed synbol frequency. corrponent[ .
usé of e data sequence Y[err];

filteri Mm @ u)fi ch havi ng random wal k Sﬁlgsml*tel heeref(nl&grgrggng O

outputting timng phase difference dat-#73- an up @na]

signal, and a synbol frequency conponent. . quantity by use of 9a?d
even- nunbe gueng hesi zed synbol frequency conponent data and
sai d odd-nhﬁﬁg §e‘q‘u%?§1‘¥£|(5 £s! synt hesi zed sy | frequency conponent
data; 25 3 tigifgy S&m lag g tiggngeans (64) for
outputting a si gnal hawir?]lgéa U (U IF}O mﬁt t ur al nlEJaner qe hi gher)
as'a timng phagﬁaeanﬂiﬁfermm \méa fdmg;emeg:laa:l:.ng, based on récéleed

out put selecting neans (63C) for selecting the timng hase

di f f er ence phhase, deka apaseppl Y, éﬁdbﬁhégdnmugagnammber 2 or tlloigher)

- 185- fromthe filte rreansth I ndi X|rrum I of
the syhbol @Fé&&@ﬁc?ycﬁﬁ'%% 3 JuEtgty %ﬂ"@ﬁt é’daf‘r m-$%P (8 iale:"Rgsets
of fllterln t”%%&snﬁﬂQeQUPPH %ﬁ§pé£&fé%ﬂégéﬁﬁiﬂhg”hﬂgck 3 phase

di fference 'data up signa own’ st gha
differential data sequences Z, (= ¥, - ¥, ;) composed of

dlfferential data which are difference between pieces of
) recelved phase data separated from each other by j samples (3
10 . being natural number 1 or higher);
_':phase_Jltter quantity calculating means/for converting
e;¢ﬁ'differential'data range of j7differential data sequences
_Znhfo Z,; to a range of *2n to #n iﬁlradian notation to
obtain an absolute value thereqf_and output at least one of
15 phase jitter data sequences W, to W including j symbol
frequency components:; and (62) -
phase detecting means/having -
an even-number sample synthesizing sectioéZﬁhich
inputs. each of .phase jitter data sequences from said phase
20 jitter quantity calculating means, synthesizes even-number
phase jitter data sequences affer delaying the even-number
phase jitter data sequences such that phases of symbol
frequency components included in said even—nﬁmber phase
jittér data sequences are matched to each other, and outputs
25 a synthesized signal aé even-number sequence synthesized
symbal frequency component data, and
an odd-number sample synthe5121ng sectzoé%gkich inputs
each of phase jitter data sequences from said phase jitter

quantity calculatiQn_means_;sxnxhasizé__ggg_2222§r phase
REPLACEMENT SHEETS - SG
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5 phase controt—gdantity determ ning nmeans (65) having steady-

state t| mi ilr means for generating said phase control data
at a il ng phase control I ti y
use of t ectl imﬂﬂ dlffer ence dat a, gﬁgggfdé%aﬁh%%rt c?%“’ahg%orgl
outputted fromsaid filter. out put74sel ecti ng neans; phase

control neans (66) that operat es by use of said phase: ‘control data

and h t t tt
Sinffe?Zntg %ﬁr‘gigar%%#l“eesrte%efl) r%terne%:leslﬁylng the Odaewé@b%‘;ngﬁég%{f erences

of said K ﬁﬁkéeﬁfdm%@%meﬂ&é that! pRakest 8f08§ﬂﬁble§6&§eﬁé¥tl me
del ay sett

ng signals d wherein said tine delay diffterence
Measuring BBAPEnéAts includédicinuciaigl odd-number pphseejsuberadstag neans
(141B) for subtracting first timng phase difference data fromsaid K

sets of ti squephesearemat@tﬁd drerachistthere eadcaMEPELR ‘s‘ets of phase
subt ract I on

del di ff t
(14105 {or SYBRVEFLERY SLomel 23 ofilsaiibar Ss AIRRCE SUDLPRELFBR BATACProm

2[err] to r datd O output the conversion result as K sets
of del ay tfkg &Lfgey %19,1 ?&r’%?\%e a(11Iata L

- (147) valid delay time difference data output neans (147) for
| atching said K sets of tine delay difference data as a valid .
‘2. A timing recovery apparatus according to claim 1

further comprising:

10.' freouency convexting meanéf%%r adding a value obtained

. by multiplying the even-nunber sequence eynthesized symbol
frequency component data by complex symbol frequency
component on rece1v1ng side to a value obtained by
multiplying the odd-number sequence synthesized symbol

15 frequency component data by complex symbol frequency
component on receiving side delay by n/4 in radian to
generate a complex direct-current component,

symbol synthesizing means7gor synthesizing an orthogonal
component and in-phase component of said complex direct-

20 current component'for one symbol each to generate a symbol
orthogonal component signalland a'symbol in-phase component
signal for each-symboi;' ©(74)

integral filtering means/for filtering said symbol
orthogonal component signal and said symbol in-phase

25 ‘component signal and outputting integrated orthogonal data
and integrated in-phase data; (

phase dlfference calculatlng meane??or calculating a

timing phase difference between a Nyquist point and a symbol

clock in a receiver by use of said integrated orthogonal data

This is the replacement s
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data_when said K sets of synmbol frequency conponent " quantities al
exceed a threshold value for tinme del ay

- 186- Ilm Mﬁuumﬂt;'and ' ~ del ay i fference data.ayeragi
means I(i* J)I"IILI el Ll rati ng . each of sai déj'“f&)sgﬁ%e %‘?eé}a'lé%“’&'&engﬁgne
difference data by S (S bei ng natlffal nunber 1 or higher) tinmes and
dividing the 5 accurmul atiori result by S to output K sets of division

val ues and@8a$81 SntlfBatled adh SHAdNAata0RRH: outputting a calduléed

di versity communi cati on apparatus conpri si ng: - K sets of
detecting pRasa d2Afe?&)cé ois coimierd iphgise gidiferehBe datsei ved by K sets of
(K being natural nunber 2 or {(veygher) ant ennas i nto baseband phase

signals to out pfiltacingpe including symbodg fKegERBCHf CPRRENGRE si gnal
powers; .

Dohe sy aventiy e ERL S e A SR iR B B5 eacn bdssband
15 phase 5LgNah b OcSHbOHINE {idfReds) BeRARIRARY BYRS818T GRRkgral
filtering means; '
_timing phase control intefval setting_meané%?or
outpﬁfting a signal of U (béing natural number 1 or higher)
symbol peribd) as a timing-phase contrél interval setting
10 signél; - | |
- | (65)
phase control quantity determining means[for latching
the timing phase'difference dgta outputted from said
filtering means.in the period of said timing phase control
intervai éetting signal and outpufting a latched data as a
15 ﬁhése control signal;and .
phase control meang%%br dividing a base oscillation
clock of the receiver to output the symbol clock and a X-.
times oversaﬁple clock and, if said phase control data have
been entered, controlling phase of said symbol clock and
20 phase of said X-times oversaﬁple clock phase by said phase
control data, resetting said integrated orthogonal data in
said integral fingering means to zero, and setting said
symbol frequency component gquantity to said integrated in- -
phase data.
25
3. A timing'recovery apparatus according to claim 2
wherein the integrating filtering means comprising:

(94A, 94B, 95A, 95B, 96A, 96B, 97A. 978, 98, 99)
limiter accumulating meanyﬁor , if said symbol frequency

component quantity indicates to be below an accumulation

This is the reptacement S
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H K\
K set;gf sanpl i ng nmeans (3A 3B, 3C, 3D) each for X-times (X bei ng

nat ur ﬂm""mm her) oversanpling said tine delay baseband
'u Frecel ved phase’ data seq et - JChiRe de@%l ng

phase %ﬁﬁ'

nat ural nunber i gher); - 20 K sets §SB i Sh ronous sanpli ng
means (156A, 156B) each for sanpling 176~  said ti e del ay baseband phase
signal by Rtines (R being - ‘nat ural nunber ‘4 or higher) asynchronous

over sanpl if}g-aheld value, %Qc@klﬁl@bﬁ:lﬁ@ $8YACORRROL SoF @RRjorRel phase data
sequence (Jerr] (i bei ng natural nunber 2 or higher); 25

di versi ty coegmed) sfigmadaphdr sagdt iangoBeis—pﬁxasecrmmMent signgiase data
sequences Y[err] and said K sets of received sig owers to output

a det er m respestdyed s SQU@Fc &0 generate thﬁ@’F%@ %‘F}Pﬂg%'ﬂ]r fa¥h@Heans

(6) for extractin , oint b se hg symbol cl ock from
sai d det erﬁﬁ%ad%‘ﬁd%%%ase data anH, % Xlg oi Preci/ uency -187-

sequence, acﬂnci:onent %Jantltt' 3 ebBEOUELE 4 H@éﬂﬁuié@.oﬂ%h&ﬁ&%ﬁi'%@' d

synbol cl o€ extracting the qui st point of a received signal

and an divigiddresqurizagd satheskobasedaosyrebl dreiedgordl recei ved
component signal and said symbol in-phase component signal by
D (D being natural numbér 2 or higher) respectively so as to

generate said integrated orthogonal data and said integrated

10 in-phase data.

4. A timing'recovery apparatus according to claim 2
wherein the 1ntegral filtering means compr151ng

accumulating mé%%%?%%%{ if said symbol frequency

15 component quantity indicates to be below an infinite impulse

response switching threshold value, accumulating said symbol
orthogonal component signal and said symbol in-phase
component signal reSpectively so as to generate integrated
orthogonal data and lntegrated in-phase data; and

. (95A, 958 96A, 96B, 97A, 978, 98, 99)
20 infinite impulse filtering mean?ﬁor , if said symbol

frequency component quantlty exceeds said infinite impdlse
response switching -threshold Qaiue; filteriﬁg said symbol
orthogonal component signal and séid symbql in-phase
éomponent signal through an infinite impulsé response filter_

25  respectively.

. 5. A timing recovery apparatus according to claim 2
wherein the phase difference calculating mea?iozgmprising:

. integrated data absolute value converting means[for

This is the replacement sk
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5

‘Y[err] and generating K sets of tinme delay

settin siﬁnals for indi catlng delay tine differences of said K sets
of bag ﬁ“lﬂ I's based on said K sets
recei vﬁﬂm m l uences err]. ‘S%Bsuu&tg Shﬁ% Cdgg{e}ﬁgs‘,tooo

communi cat i on appafatus according to -177- claim 17 wherein the tining
recovery means. conpr.i si ng: . K sets of phase detecting nmeans
(62A, 62B) 4 L%ﬁu@em&taﬁ%%ﬁ%é Wiiue of s8Y8N1AY 2488 0bLERE SN AL hesi zed
synbol frequehcy cohponent data and K sets o dd- nunber sequence
synt hesi zedagxnbnd aﬁ5abs$1®mlafalyxalmﬁ)%&ﬂl 1d&b§rb}tedsenebht(seedst@f

recei ved phase data sequences Y[err] ' K sets of frequency
converti ngaseanshedsnal isyeyratach ahsolydsevaluggdata andaipoRbpes

di rect-current congonent froms %Id K sets of even nunber sequence

synt hesi zedn&paBBESE BRABRHETS ¢ é?ﬂtadaﬁeé% lve&ﬁd said K sets of

odd- nugrber Seqmﬁgaga?ﬁataséézgﬁay@ﬂaf% Reepe/Eotdu icHn nCOEReNS Ry dak 2

K sets of synbo esl zI ng neans or generating

a synbol orihagoRzl aCRERENSIEN S Ut Itk dSWHial inteplated orthogéfaponent
signal fromsaid K sets of conplex direct-current 25 conponents;

K sets of idattegeald ki mbeti sygnedimsar(tl 3GA; oﬁ%)ldeamﬂmatedt potphage
i nt egr at ed orthogonal data and |nt elgrat ed i n-phase data: by
data is logic '0": mu tlp ving said orthogonal integrated
absolute value data by =x'(x being natpral number 1 or higher)
10 and, if said exclusive-OR is logic "1%", multiplying said in-
| phase integrated absolute value data by x (2 being natural
number 1 or higher) so as to generate a phase difference

calculation threshold value, and adding said in-phase

integrated absolute value data to said orthogonal integrated

15 absolute value data so as to generate total absolute value
data;
' (108)

in-first-quadrantwrange phase data calculating_meana[for
accumulating said total absoluta value data and, if a result
of the accumulation.ekceéds said phase difference calculation
20 threshoId value, outputting the number of times the
accumulation of the total absolute value data was made at
that moment as in-first-quadrant-range phase data; and
(115)
quadrant indication bit adding means/for generating data
indicating a quadrant from the most significant bit of said
25 integrated orthogonal data and the most significant bit of
said integrated in-phase data and adding the quadrant
indicating data thus generated to the highest position of
said in—first—quadrantfraﬁge phase data so as to generate

said timing phase difference data.
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use of said K se nbol orthogonal conponent signals’and said K

sets ' e conponent signals;
oo UMD -5 55 e o i

t he addition result as synthesi z8@-ort hogonal data and addi ng al
of said K sets of integrated in-phase data to output the 5 addi tion

result as Synth%?jZ?g159&%%%%%@%&%?&?g?ﬁgrge&§3according to cldifl g phase

control interval setting out putting a signal having
U (U bei ng padreal tHeel- £ r@ft-quadrantbi8hgs ) pigsd datd negpIphaseciegnt r ol

I nterval setting signal; -~ phase difference cal cul ating neans
(162) for omdand atomprising® tim ng phase difference between Nyqui st point
and synbol clock in a receiver by use of said hesi zed i nt egrated
i n- phase RRBSRLERINPIANRESLYc GONKEEYERE TR RET A%

out put .t he cal cu) at ed phase difference as tinn . Lfference
data; > 15 non"fin?a%e AT Lo %?’gqﬁgﬁ%ffrcS?}pg%gi &7 & & idénlg“(ene'ans

gﬁggﬁ t ;60%% the nGASE: ¥ £RIAUIRAL B the S¥ERP! absSTWERCYa BATRRAGN

exceeded the phase difference calcﬁlation threshold value to
output non-linearly conVerted'data as the in-first-quadrant-
range éhase data. |
10
) 7. A timing recovery apparatus according to c;§;m 2
wherein the symbél frequency component quantity calculating
means compfising: h -
: ; . L%?l .. :
absolute Value,comparlng means/ for outputting the large;
15 one of an absolute valﬁe of the integrated orthogonal data
and én absolute value of the integrated in—phése data as the
symbol frequency component quantipy; |
- . 8.. A timing recovery'appafatﬁs'accofdihg to ‘claim 2
20 wherein the syﬁbol frequehdy_componént quantity calculating
means compriﬁlng: (101) _
absolute value comparing means[for outputting the larger
one of an absolute value of the integrated orfhogonal data
and an absolute value of the integrated in-phase data as
25 compared integrated absolute value data; _
guadrant bit deleting mean%%%ér outputting the timing
phase difference data without most significant two bits
indicated a quadrant as phase data without quadrant bits; .

(103)
weighting data calculating meanglfor, if the phase data

" This is the replacement sheat
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accunul ated—by—the—eer+responding integral filtering neans by use of

saLd ted orthogonal data and said K sets of
o MM oI e Al Y 2000
synt hesi zed synbol '

cal cul ati ng means (

synt hesi zed - ~integrated orthogonal data-and said synthesized

i ntegrate
(65A) 25

SN0 sy it b B cocgoceLtinta o et S0

timng

(althout %3 d}a Qa% gaaﬁdic

1
ase confro quan?t?s Ei%tbe? rr]?enllor'fb amgraansue( 65A) for

phase control interval set

tim ng phagetrbdy efdranabd tas asavdiphassg céats dndlatif said phase
synt hesi zed phase control neans (66) for generating said

- 189-
rece|V|ng

dats ywiddloutt asiednsagts @ul&sxmﬁmes’ceset@abﬁﬂ@f%am Wenithedi ng a.

nbol
cl ockIphasé® sy e §¥ér donpPe ET‘OC‘R“BB%@ nd a Vab]a%eed oflysa?d'

appar at us, base .oscillati.on cl ckto co

phase CO”tré%afkéé’ﬂ¥“¥h5%¥é£d¥$%5%a&ﬂ”bhgéedééﬁa without quadrant bits

10

15

20

25

from a value equivalent to n/2 in radian as weighting data:
and
- (103 .

. welghtlng means for multiplylng said compared 1ntegrated
absolute value data by a value equivalent to a cosine value
obtained whenfsaid weighing_dapa-is indicated in radian and
outputting a multiplied value as) the symbol frequency

component gquantity.

9. A timing recovery apparatﬁs according to claim 2
wherein the symbol freguency component quantity calculating

means comprising:

(101), :
abhsolute value comparing means/for outputting the larger

one of an absolute value of the integrated orthogonal data
and an absolute value of the_integrated in-phase data as

compared 1ntegrated absolute value data;

(109)

quadrant bit deleting means[for outputtlng the timing

"phase difference data without most significant two bits

1ndlcated a quadrant as phase data without quadrant bits; and
(176, 171, 172)
filter operation stop data calculating means/for, if

said phase data without gquadrant bits indicates to be below a
value equivalent to n/4 in radian, outputting said phase data
without quadrant bits as filter operation stop data and, if

said phase data without gquadrant bits indicates to be greater

fr equency ‘etfponent quantity by use of said

This ig the replacement sheet
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5 mtti ng each piece of integrated orthogonal
data t”"
of sai

E munm integral filtering means to zero to © set each
Wm Ly conponents to sai d K gaghSiitute shelt - 194 9GR8 1

i n-phase data; nd * time del.ay difference neasuring neans (1401)
for measuring 10 delay tine di ffer B3 of sai d K sets of baseband phase
signals to output K sets of tinme delay setting signals; - and

wher ei n satadh | arey el yedli ffareenc &onR@8 ULh NPadEAmS outputthianyg rg:value
K sets of asynchronous phase detecting nmeans (62C, 62D) for 15 )
out put t i ngolaksgimed drw Lenkractimeh seidephane edayatwicthowy quadrandy fidis

frequency conponent_data and asynchronqus odd-nunber sequence

synt hesi zeBrY ndor2¥4e BRSPS FRe M 2diPard§iarRas filtey BP%ai d K
sets of asggchr(ﬁnogs recei ved phase data sequences err]; 20

K sets of 9?10 ? 5hous frequency converti.ng neans (72) for

generating an agyoed{Qnodsy COMYePind mBehsCHbhgPisLogponent . from
each of said asynchronous even-number sequence synt hesi zed synbol

frequency conpofehteradperaidisaistopping meapachoonolf titimyplsassequence
synt hesi zed synbol frequency 25 conponent data; )
(73) controk Bas sbegn RSFEIFRTouStoprban apninEipitaglmRiakie (73) for

out putting an, asynchronous,; symhol Jifieal Loy L80LaCNPORER  £1 1 ter
operation stop data to perform an accumulating operation.
0 : _ y
| 10. _Astiming recoﬁery apparatus éccording to claim 2
wherein tbﬁ%filtering means:comprising: | ’
randéﬁ walk filtering meanéTQOr} if the symbol frequency
component quantity exceeds a threshold value for recognizing
15 steady state,.operates an up/down counter set to filter
constant N by using a sign bit of the symbol orthogonal
component signal to output an up signal for advancing the.
symbol clock phase when said up/down counter reaches 2N or a
down signal for delaying the symbol clock phése when said
20 up/down counter reaches 0 aﬁd, after outputting said up
signal or said down signal, set said up/dowh counter to said
filter coﬁstaﬁt N again; and
wherein said phase control quantity determining'means
comprising: |

(78A, 78B, 79, 80, 81, 82, 83, 84) -
25 steady-state time phase control means[ that, when said

symbol frequency component quantity exceeds said threshold
value for recognizing steady state, does not use said timing
phase difference data coming ‘from said filtering means for

phase control data, when an instruction for advancing said
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Si gna1“a1=rd-ﬁm—ars¥nchr_mjs symbol in-phase conponent si gnal from

each ofmm’ E sets of asynchronous conplex direct-
-190- nponent S;
(74B) " _&ﬂﬂla of asynchr.onous i nt egr alS PST"i“te srrl‘eeﬁ'eazngs'h("ﬁ 0ofoor

generat i ng async ronols integrated ort‘ﬁ§§onal data and asynchronous
i ntegrated in-phase data fromeach of said K 5 sets of asynchronous

synbol or t §egesRl cTeMp teife Yylealis aBdsignal . £8i gedesetsd Ofowsyuehr onous

synbol i n-phase conponent si gnal's; K sets of asynchronous
phase di f f pheseecoatrol adatﬁg for advrma;nsg( #614f symbel nekeeheikase ni ng phase
difference data from each of said K sets of ;asynchronous inte rat ed

or t hogonal 288t awa@@ an 1“”3%393”1@”5&05 Gr1a¥{AENFBRBUSYTRR b AR RF

K set f b hj

o or” BPBRRECHENE AU L SURISXBOTRARG s pneep bElLal dimens
accumy at eQOdeé%QJ_KgSé‘éﬁd ogymbgl cI¥NpReeROUS integral filtering nmeans

by use of said o] asynchronous i'ntegrated orthogonal data and
said K sets of :

11. A timing recovery apparatﬁs.according to claim 10
wherein the phase control means comprising: |
integrated data resetting.meané%%%i, when the symbol
10 frequency component quantity e#cee&s the threshold value for
| recognizing_steady state, resettiﬁg the integrated orthogonal
data and intégrated in-phase data of said integral filtering
means to zero when controlling the symbol clock phase and the
X-times oversample clock phase. |
15 |
‘ 12. A timing recovery apparatus.according to claim 2
wherein the phase control quantity determining means
comprising:
clock base dséillation'frequency deviation measuring
20 meané%%gk, when the symbol frequency component quantity
exceeds a threshold value for recognizing steady state,
measuring a deviation between send/receive clock base
oscillation frequencies by using the phase control data and,
when the measurement is comﬁlete; outpufting a f:eqﬁency
25 deviation measurement complete signal indicating measurement
completion and a symbol time until:occurrence of a deviation
in ihe clock phase'for Tl digit by clock fréqﬁéncy deviation
aé frequency deviation correéted data;

(85B)

automatic frequency control signal generating mean;[for

This is the replacement shee__t :
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asyTrC‘rrr‘oﬁous—Hﬂ—egFa{—ed i n-phase dat a; asynchrohous phase

subt r ' ) for subtracting- : first asynchronous tim ng

phaseﬂ"‘l!@ﬂﬂmaﬂ! fromsaid K 20 sets ofg,ashirR'Heys 29 JLAE Jumse
n

di fferse put K sets of asynchronous phase subtracted
dat a; asynchronous tine dell89difference cal cul ati ng means
(141) for converting a rang of said K sets of asynchronous phase
subtract ed dal 2, £ 1,0/ 3 Lhids F LAl £irBqhaHegNabeiabl oyt cbéBifectsd
conversion‘result as K'sets of asynchronous delay tine di fference
dat a; data, an @8Maly enepslyfoird adebaygihgmehdi §febehceldakapbas@ut

means (146) for, when said K sets of asynchronous synbol frequency
conponent audnentARS down sdgred f£orhdedhuiiagy dhaesyppol clock signhal;
This is the replacenent sheet - _
Dat e: and - - © (78A, 788, 79, 801%}; 82, 83, s@FYyNChronous
tine qplay ”Easgiéﬁgi“offfﬂfﬁa'BL&E@ %aﬁtE%&SmQEns[%or outputting the

phase control data for advancihg the symbol clock phase by

said AFC up signal if an instruction for advancing the symbol
clock phase is generated when said symbdi frequency componenf
quantity goes below a threshold value for recogniging line
10 diséonnécfion state and said frequency deviation measurement
- complefe signal indicates measurement compigtion and
.outputting the phase control data for delaying the symbol
clock phase if an instruction for délaying the symbol clockﬁ
phase by said AFC down signal is generated.
15 | |
13. A timing recovery apparatus according to claim 12
wherein the clock base oscillation frequency deviation
measuring means comprising: (120 |
- measuring. time display meaﬁs[for operating an up counter
20 by symbol clock to output an.up countér'value as measuring
time data; i-'Qgél
phase control'data accumulatipg megns for accumulating
phase control data to output an accumulated value as phase
control accumulated data; | Uzﬁi
25 frequency deviation measurement dividing means[for
dividing séid measuring time data ﬁy said phase control
accumulafed data; (122)

corrected data output means[for resetting said up

counter when said measuring time data exceeds a threshold
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asynchronou i lubf €r erice data as a valid value to out put
the Iatche_til,ﬂ I‘ﬂgm.mﬁl “ sets of asynchronous . valid delay tine
' M *

di fference : asynchronous d differenc

averagi ng neans (148) for accunul ati ng egé‘ﬁ’ggg‘ftgaﬁ?e& ij?hﬁf' 2000
asynchronous valid del ay time di-i8%®rence data by S (S being natural
nunber 1 or : hi gher) times and dividing the accunulation result by S

t t.out .dis vi.si a| 1] o 10
Cgnar . VIR 46 Skl ORrdBUSy Med el ot Bhei dd0 | 1D

claim 17 what@iihd hed iaTvie168CU8LY t "BEasu €08 £5dmGald frequencyK sets of -
phase detecting neans (62) each for outputting each 15 pi ece of

even- nunbelewiagtienc ameasniresentedigydiing feauysescyas to ouwkpyorndw® data and
each pi ece of odd-nunber sequence .~ synthesized synbol frequency
conponent Xatichasy digdsdprezeFudtt as corzerhed cdatdedPhase data 'sequences

Y[errl; - 5 frequency_conponent totaling neans, {165) for
addi né) ‘all 20 cord:fecstér%(ylét?e segf“géggn- ﬁ%e’%oge%%%%ac%ms%/%oﬁéf requency

conponent g%b%é%@&a@g deff RDui@Rg" e/ év@fﬁéﬂgélrééﬁrf as nunber

sequence s requency conponent data and addin all of said K
sets of odgrdwiiiRly Shoteittons ybrtkckteaqaensy ‘conponent data to

out put the addition result as total odd-
14. A timing recovery apparatus according to claim 2
10 wherein the timihg phase control interwval setting means
comprising: ‘ .
P g ‘ : o (83, 84) .
control interval setting signal varying means/for
varying a frequency of the timing phése control interval
setting signal between timing pull-in time and steady state

15 time.

5. A divérsity communication apparatus comprising: ..
K (K being natural number 2 or higher) sets of detecting
(2A, 2B) .
means/for converting signals received by K sets of antennas
20 into baseband phase signals to output the same and outputting
K sets of received signal powers;
. (60A, 6
K sets of time delay meansLeadw for giving a delay
indicated by each time delay setting signal to each baseband
phase signal to output a time delay baseband phase signal;
- - (3A, 3C)

25 . K sets of sampling means[mmh for X-times (X being
natural number 4 or higher) oversampling said time delay
baseband phase signal to output received phase data sequences
Y, (i being natural number 2 or higher):

(4

- diversity meanstor capturing the K sets of received
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nunber sequence synbol frequency'conpOnent data; ' : frequency

comer] T T v A S A
conpl ex sy f "eqdenty : : cgnponent on réq’&g)ggfﬁgyﬁe&gp%gguos%@y

obt ai ned by ~184~ -192-
mul tiplying said total odd-nunber sequence synbol frequency conponent

data by a yglug gbigl §Eutlods SRIBEA SBYHPR sars of IEMRM cofmmOnent on

recei vi ng 8rag®defaje I'an so as to genetate a

conpl ex di FSQErEUEBeBQtﬁmn@é‘ﬁemﬁ\ation da4maaljueyekhesi zi ng means (73)
for generating a synbol ort hogonal corfponent” signal and a synbol

i n- phase conponNpfuist po$hgne*tfaawnngumhangﬂﬁcexedmmectaogrﬂeNunaﬁponent;
integral filtering means (74) for generatln |nte%_ ' Qr t hggonal
data and | RPégtabEduRR- phathe daYBPRY ekrckorinen @2 POdEtﬁ%BPtbe‘hﬂgﬁﬁal
conponent si naI and_sgi d synbol integrated " in-phase dat a;
tiningﬁpha§§ ESHF?OIaP terval settipg)means (64) for

timing recovery means/ for generating said symbol clock
for extracting the Nyquist.point of a received signal and an
X-times oversample clock based on sald K sets of received
phase data sequences Y; to- output K sets of time delay
10‘ setting signals for lndlcat;ng_delag tlme_dlfferences of said

K sets of baseband phase signals.

16. A diversitf communicatioﬁ'apparatus according to
claim 15 whereln the timing recovery means comprising:
15 K sets of phase detectlné meané%ghch for outputting
' even-number sequence synthesized symbol frequency component
-data and odd-number SequencejSYcheSized symbol fregquency. .
. component data by uee.of-the received phase data sequence Y,;
K.sets of filtering means(each having random walk
20 filtering means for outputting' timing phase difference data,
an up eignal, a dowﬂ signal, and a symbol frequency component.
quantity by use of said even-number sequence synthesized
symbol frequency component.data end said odd-number sequence -
synthesized symbol frequency cpmponept data; (64)
25 timing phase control interval setting means/for
outputting a signal having a U (U being natural number 1 or
higher) as a timing phase control interval setting signal;

(63c)
. filter output selecting means / for selectlng the timing

phase difference data, the up signal, and the down signal

This is the replacement sheet

3 0 JuN 2000

Date:



‘phase

outputting a signal having U (U being natural nunber 1 or “higher) as -
a ti miﬂliﬂﬂ”@lﬁg"lmgmt nterval setting signal; 15 phase difference
cal cul-at¥ #lif or cal culating a t i m.ng. phas id flere

bet ween Nyqui st poisnt and synbol clock i ﬁuh%ﬁ‘@gi h@ﬁb?d;glén%%eg d
synt hesi zed integrated in- ‘phase-idgta and said synthesized integrated

orthogonal data to out put - the cal cul ated phase difference as timng
phase 20 _ differe dat a; nbol freguen C e
cal cul at i nfTABaHRe (Th)tFord means, Hha &Pﬁﬁﬁagﬁg %y’?r%ﬁ@("r‘ e%%rg‘g%yg%omonent
quantity TubAd (dielen®S AR 1e 1 b0t 5GERtEéh L BFoMIsAERNS DY -
use of sai Eh?n?g’gggt ed o%%%%nal pggltea agld sald int egr%tled 25 I n- phase
data; K sets oPh8SEt&oMd Mleainnd Yudpuekihgi BHe nBabsctEdALih g
| at chi ng said timng phase difference data in a period of said
timng phasghdséfevence| data crurnlsigmatli, ngndi dowh sdgpatput the | atched
tim n% phase difference data as sai.d phase control da%3

(o

ontrol nBBASS(BRITY Wity I eEEdnIPAg EPPR Jetiing steady-
state time phase control means for generating said phase
.control data at a period of said timing phase control
interval setting signal by use of the timing phase difference
data, up signal, and down signal outputted from said filter.

10 output selecting means; |

[N

phase control means/that operates by use of said phase’

control data and has integrated data resetting means; ang‘
- fime delay difference measuring meaéff%or measuring :
delay time differences of said K sets of baseband phase
15 signals to output K sets of fime delaf setting signals:;
_ and wherein sai'd time delay difference measuring meansZﬁ_S_?_)_
including '
(1418) |

phase subtracting meaﬁs[ﬂn subtracting first -timing

phase difference data from said K sets. of. timing phase

20 difference data to calculate K sets of phase subtraction
ata;
data; (141¢)

time delay difference calculating meansZEor converting a
range of said phaée subtraction data from *2n to *r in radian

to output the conversion result as K sets of delay time

25 difference data;
| (147)
valid delay time difference data output means/for
latching said K sets of time delay difference data as a valid
data when said K sets of symbol fréquency component

guantities all exceed a threshold value for time delay
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base os , clock to generate a synbol cl ock and an X- tinmes

over sali gﬁl”””en sai d phase control data has been entered,
control l*n c aid synbol clock and a Su@t,w@gﬁ@epjzggﬁg(zggges
over sanpl e clock y sai*d phase control data and, at the sane tine,
resetting said integrated orth093#51 data of sald I nt egral f||ter|ng
nmeans to zero to set said synbol frequency conponent to said
integraiexiﬂdksurement paage data; and 10 time delay difference
measuring means (141) for neasuring -~ delay ti@#8Hifferences of said K

sets of basebandiedsasdifference dab saveraginy maansylforomcgamal sting
setting signals. i versjty communicati rat us
accor di ng t&ach gf Sﬁﬁ@aﬁnﬁf§smﬁgr¥?%i?hge a%rQi%%é? %gﬁﬁbﬁ? g

totaling 2 %B% ghaxi mum
rati o synth S'5|bze|lr§‘ rrrlga{;?\ls lbék?gr 1.or h%%hern{ll‘? ﬂEPsyl ng each %{?%ets of
recei ved sighalmDOWaich Besult by se8shoefpeeil 4ot aveAiGfiavenvalmkeer

sequence synbol 20 frequency conponent data to add the results

toget her, as sald(mﬂmundahmg sb&taddedigaahe as even-nunber sequence tota
data; and odd- nunber sequence maxi mumrati o synthesi zi ng nmeans
(166B) for mul tiplying each of K sets of received signal powers by
each

17. A dlver51ty communication apparatus comprising:

(2A;, 2B)
K sets of detectlng meanstor converting signals
10 received by K sets of (K-being natural number 2- or higher)
| antennas into baseband phase signals to~output the same and
outputting K sets of received signal.powers;
(60A, 60B)
K sets of time delay nmmn%@ach for giving a delay
indicated by each time delay setting signal to each baseband
15 phase signal to output a time delay baseband phase signal;

(3A, 3B, 3C, SD)
K sets of sampling meansLeach for X-times (X being

natural number 4 or higher) oversampling said time delay .
baseband phase signal to output received phase data sequences
Y, (i being natural number 2 or higher);

(156A, 156B)

20 K sets of asynchronous sampllng means feach for sampling
said timé delay baseband phase signal by R-times (R being
natural number 4 or higher)_asynchronous oversampling clock
to output an asynchronous roceived phase data sequence Q; (i
being natural number 2 or hlgher),

25 diversity meanéz) for capturing the K sets of received
phase data séquenoes Y, and said K sets of received signal
powers to'output a determination dasa sequence;

Nyquist point extractlng means[for extracting a Nygquist

point by use of the symbol clock from said determination data

Thmaqgwhqub%memehTSheet

_wmm“
Date:
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«UHI"MM of odd-number sequence synbol frequency

corrpon ,MZHFQ e results together, outputting the added
val ue as ofd-hu uence total dat a. " Substitute’sheet? 29 VGha 4000
comuni cati on apparatus conpri sing: : :

-194- K (K being natural nurid+ 2 or higher) sets of detecting
(2A, 2B) nmeans (2A, 2B) for converting signals received by K sets of
ant ennas sequehego bBageband phase signals to output the sane and

out putting sets of receivedsg)jgnal powers; 5 K sets of
time del ay maansu(nﬂiﬁﬁ\ réﬁ&)eﬁaoteémr fprvigegeratehgysaid symbolli choakl by
each time delay setting signal to each baseband phase signal to

output a tifew extagctisehbirel WassSBiRpAL of a recelVe‘R sgR2abfar@dnti ng
means (3A, 3B) each for. X- nber .4 o% hi gher)

| rre]i?éx bei n gt yroe .
oversanpl i AgH<ELE PYRESHEPLY © ést[?IHS §Fgﬁa? t55GEtPE? recei ved
phase data %%% e?%%g se uenglgnéL abla g Q?a@ﬁﬁ rRl Qe é&ﬁg daﬁﬂy”)
sel ectl ve Eyn drva rsity ns ( or tputtlng,
sets of regRiteadgPRA§AaUSt BobeMMBIELE NG Bidllay imeCali¥Edrences of said

K sets of baseband phase signqis based on said K sets of
asynchronous received phase data sequendes_Qi.
. v - ‘
10 18. The diversity communication apparatus according to
clalm 17 wherein the timing recovery means comprising:
‘(62A, 62B
K sets of phase detecting means/for outputting K sets of
even-number sequénce synthesized syﬁbol-frequency component
data and K sets of odd-number sequence synthesized symbol
15 fréquency component data by use of K sets of received phase
data sequences Y;;
(157A 157B) - _
K sets of fregquency converting rnemw[?adw for generating
a complex direct-current component from said K sets of even-
number sequence synthesized symbol frequencf component data
20 © and said K set$ of odd-number sequence synthesized symbol
frequency component data;
4 o (158A, 158B) -
K sets of symbol synthe51zing nmans[gach for generatlng
a symbol orthogonal component signal and a symbol in-phase

component signal from said K sets of complex direct-current

25 components; .
! (159A, 1598)

pE 4SS LAY
K sets of integral filtering means /each for outputting

integrated orthogonal data and integrated in—phase data by
use of said K sets of symbol orthogonal component signals and

said K sets of symbol in-phase component signals;
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phase Mpondl ng to a mexi mum val ue of K 15 sets of

recei v as a deternination data sequence and, at the

sare. il F"m!@@ nunber of sai d " e HlobEhePdER 180 ALRSPEHE
te ' ; -

as a sel*cte-a si gnal ;

(6) Nyqui st point extractingl8feans (6) for extracting a Nyquist
poi nt by use of the synbol clock from said deter data 20

sequence; and ntegrated LeTLBUSLREQUE YidlP %ﬁ‘;}v’ eRerAli Bg a
synbol cl ock and an oversarrp c oLk for extract| ng a

Nyqui st poiddi®dfk sets ofalheégraeddsogﬂadag&yay&faﬁ sRididpsettheof recei ved

phase data sequences Y[err] and, at the sane tine, outputting K sets
of 25 tiadidelcay resulitngsssynshesized orthogonal Zatan afid/@dsiing all :
communi cat i on apparatus conprising the timng recover ar at us of
Claim12, of sald K setg @ dmegrpyeeomm%ﬁ.waap Rt g

- 195- hase ontrq %{ tin 1S (44 u_rrul ating
: d h FHL
phase > adc‘%fn*i’rodf (?aﬁUlq:[o ol ﬁ%# 7e§ ?eﬁggesulﬁg gkhase control
. " timing phase control intexrval setting means[for
outputting a signal having U (U:being netural number 1 or
higher) as a timing phase control interval setting signal;
(162)
phase difference calculating means / for calculating a
:10 * timing phase difference between Nyquist point -and symbol
. -clock in a receiver by use of.eaid synthesized integrated in-
"phase data and said synthesized integrated orthogonal data to
output the calculated phase differehce as timing phase
difference data;
_ (160A, 1608}
15 K sets of symbol frequency component calculating meam%-
| each for calculating the symbol frequency component guantity
accumulated by the corresponding iﬁtegral filtering meens_by
use of said K sets of integrated orthogonal data and said K
sets of integrated in-phase data;
20 - synthesxze? s%mbol frequency component guantity g
163 .
calculating meanstor calculating a synthe51zed symbol
frequency component quantity by use of said synthesized
integrated orthogonal data and said synthesized integrated.
in-phase data; .
(65A)
25 phase control quantity determining means / for latching
said timing phase difference data in a period of said timing
phase contrel interval setting signal to output the latched

timing phase difference data as said phase control data;

_ 66 .
synthesized phase control meanS/ for generating said
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accum " ' ' - (65)

frequ ,ﬂm’ I|mnat|ng rreans (65) for subtracting 1 5 fromsaid
phase Mﬂ ‘ed data when a frequency, deyi as nt
conpl ete $ighalni es conpl etion of @%F@Tﬁsﬁ?e atn'dggt‘lgj%ﬁ%bggsm

signal instructing delay of a syt#¥dt cl ock phase cones and adding 1
to said phase control + _accumul ation ‘data when said frequency devi ation

measur enentsymb@) cqeﬁnl ghe Sh0aak-tNslis ahes amketloakobymaasiaengna and
t he |¥8 up si-gnal instructing |lead of a synbol clock phase cones
t o out put tdeeeiwihgaeppenatvasubase ddrelldddiildroclwakucoasontrol gevdati on
el i m nated accunul ated data; and time delay setting signal

out put nearsy™bel) cﬂ@FkaPBPEQi ﬂ@d 3aid ’%‘é’?idleﬁe\ﬂ"@tﬁsé‘ﬁ‘ & ﬁ’llﬁgﬂ"eé’héc?Eunu.l ated
data f t ed t t
s?gﬁal O{ oeg’%{gdnon Saia RRAFPe %?Iéﬁ’é%lq bée?%%é%‘ ¢ ce? 35%3\?8?’;49% ggttgc
OULPULSi NG are ented@ BRLALBEEHYIhYCadsh 1o ARlS cQEf 1riteR sdela ) rasbona L

signal s.
data of said K sets of integral filtering means to zero to

set each of said symbol ftequency components to said K sets
of integrated in-phasenﬁata; and (141)
time delay difference.neasuring means{for measuring
. 10 delay time differences of said K sets of baseband phase
- signals to output K sets of timé.delay sstting signals;
and wherein said time delay difference measuring means
having: (62C. 62D
K sets of asynchronous phase detecting means/for
15 outputting asynchronous even-number sequence synthesized
symbol frequency component data and asynchronous odd-number
sequence synthesized symbol frequency component data by use
of each of said K sets of asynchronous received phase data
sequences Q,; | (2)
20 . K sets of asynchronous frequency converting means/for
generating an asynchronous complex direct-current component
from each of said asynchronous even-number sequence

synthesized symbol frequency component data and said

asynchronous odd-number sequence'synthesized symbol frequency

25 component data;
(73)
K sets of asynchronous symbol synthesizing means[for
outputting an asynchronous symbol direct-current component
signal and an asynchronous symbol in-phase component signal

from each of said K sets of asynchronous complex direct-

This is the replacement sheet
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| | ~190-
current components; | _ | (748
K sets of asynchronous integrél filtering meaﬁs[for
generating asynchronous integrated orthogonal data and -
asynchronous integrated in-phase data froﬁ'each of said K
5 sets of asynchronous symbol orthogonal .component signals and
said K sets.sf asynchronous symbol in—phase component
signals; |
K sets of asynchronous phase difference calculating
meang?%or asynchronous timing phase difference data from each
IC 6@ said K sets of asynchronous integratéd orthogonal data and

said K sets of asynchronous in-phase data;

K sets of aSYnéhronous symbol frequency component
calculating meéngf%or calculéting each of asynchfonous symbol
frequency components accumulated by said K sets of

15 asynchronous integral filtering meané by use of said K sets .

of asynchronous integrated orthogonal data and said K sets of

asynchronous integrated in-phase data;
' . (1452
asynchronous phase subtracting meanslfor subtracting

first asynchronous timing phase difference data from said K
20 sets of asynchronous timing phase difference data to output K
sets of asynchronous phase subtracted data;
' : (141)
asynchronous time delay difference calculating means/ for
converting a rang of said K sets 6f’asynchronous phase
subtracted data from #2nr to #n in radian to output the
25 conversion result as K sets of dsynchronous delay time

difference data;

asynchronous valid delay time difference data output
(146
meansL or, when said K sets of asynchronous symbol frequency

component quantities all exceed a threshold value for

This is the replacement sheet

.3 0 JUN 2000

Dat



—_—

R M
LI R Substitute sheet - 29 June 2000
| | ~191- |
asfnchronous_time déiay measureqent, latching said K sets of
asynchronous delay time differenge data as a vaiid value to
output the iat¢hed valid value as K sets of asynchronous
valid delay time difference data; and .
: o < (148)
S asynchronous delay.difference data averaging mean;/for
accumulating each ofusaid K sets of asyhghronous valid delay
time difference data by S (S being natural=number 1l or
higher) times and dividing the accumulation résult by 8 to
output K Sets qf divisibn.valqes as saidltime delay setting

10 signal.

19. A diversity communication apparatus according to
claim 17 wherein the timing récovefy means comprising:
(62) .
K sets of phase detecting means[each for outputting each
1S ° piece of even-number sequence synthesized symbol frequency
component-data and each piece of odd-number sequence

synthesized symbol frequency component data by use of each of

said received phase data sequénces Y,: .
- (165) .
symbol frequency component totaling means[for adding all
20 of said K sets of -even-number sequence symbol frequency
component data to output the addition result as total even-
number sequence symbol frequency component data and adding
all of said K sets of'cddéﬁumber sequence symbol frequency
component data to output the addition result as total odd-
25 number sequence symbol frequency component data;
frequency converting meaé%f%or adding a value obtained
by multiplying said total even-number sequence symbol

frequency component data by a complex symbol frequency

component on receiving side to a value obtained by
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-192~ _
multiplying said total odd-number sequence symbol frequency
component data by a value obtained by a complex symbol
frequency cdmponent on receiving side delayed by n/4 in
' radian so as to generate a complex direct-current component;

5 symbol synthesizing-meang?ﬁor generating a symbol
orthogonal component signal and a symbol in-phase component
signal ffom sajid complex direct-current compdnent;

_ _ (74),

integral filtering meanslfor generating integrated

orthogonal data and integrated in—phasg data by use of said
'.10 symbol qrthogonal component signal and said symbol integrated

in-phase data; (64)

timing phas& control interval setting means/for
outputtiné a signal having U (U beihg ﬁatural number 1 or
higher) as a timing phase confrol interval setting.signal;

15 phase difference calculating mean§§%or calculating a
timing phase difference between Nyguist point and symbol
clock in a receiver by use éf said synthesized integrated in-
phase -data and said synthesized integréted orthogonal data to
.output“the“calculated'phaée difference as timing phase

20 difference data; .

- (76)
symbol frequency component calculating means /for
calculating the symbol frequency component quantify

accumulated by the. corresponding integral filtering means by

use of said integrated orthogonal data and said integ;ated

25  in-phase data; : ‘
o (65A)" _
phase control quantity determining meansl or latching
said timing phase difference data in a period of said timing
phase control interval setting signal to output the latched

timing phase difference data as said phase control data;
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(66) ;
phase control meanézﬁqr dividing a receiving apparatus

© base osqillatidn clock to generate a symbol clock and an X-

times oversample clock and, when said phase contrbl data has
been entered, controlling a phase of éaid symbol clock and a’
phase of said X-times oversample clock by said phase control
data and, at the same time, resetting said integrated
orthogonal data of said integral filtering means to zero to
set said symbol frequenCy.component to said integrated in-
phase data; and L - |
' . (141)

time delay difference measuring meaﬁEZﬁbr measuring -

delay time differences of said K sets of basegand phase

signals to output K sets of delay time setting 'signals.

20. A diversity communication apparatus according to
claim 19 whe;ein the symbol frequency component totaling
means comprising: |

even-number sequence maximum ratio synthesizing meaﬁiﬁlggé)
for multiplying each of K sets of received signal powefs by
each of éaid K pieces of even-number seguence symbol
freéuency compdnént data fohadd the results together,

outputting the added value as even-number sequence total
data; and
(166B)
odd-number sequence maximum ratio synthesizing meanstor
multiplying each of K sets of received signal powers by each
of said K pileces of odd-number sequence symbol frequency.

component data to add the results together, outputting the

added value as odd-number sequence total data.

21. A diversity communication apparatus comprising:
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K (K being natural number 2 or hlgher) sets of detecting
(2A, 2B)
meanstbr converting signals received by K sets of antennas
into baseband phase signals to output the same and outputting

K sets of received signal powers;

(60A
K. sets of time delay means/each for giving a delay.

indicated by each time delay setting Signal-to each baseband
phase signal to output a time delay baseband phase signal,
: (3A, 38)

K sets of sampling means/each for X-times (X being
natural number 4 or higher) qﬁersampling said time delay
baseband phase signal to output received phase .data sequences
Y; (i being natural number 2 ‘or hlgher),

selective synthetlc dlversity meagg?zor outputtlng, of
said K sets of received phase data sequences Y, a received
phase data sequence corresponding to a maximum value of K
sefs of_received signal powers as e determination data
sequence and, at the same time, outputting a numben of said
received phase data sequence as a select-after-detect signal;

Nyquist point extracting.meang?for extracting a Nygquist

point by use of the symbol clock from said determination data

sequence; and
(5E)
timlng recovery means[for generating a symbol clock and
an Xftimes oversample clock for extracting a Nyquist point of

a received signal by use of said K sets of received phase

data sequences Y, and, at the same time, outputting K sets of

time delay setting signals.

22. A diversity communication apparatus comprising the
timing recovery apparatus of claim 12,

said diversity communication apparatus having:
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- (740)
phase control accumulating means/for accumulating phase

control data to output the addition result as phase control
accumulated data; '
| (65)
frequency deviation_eliminating means[for subtracting 1
from said phase control accumulated data when a freguency
deviation measurement complete signal indicates completion of
measurement and the AFC down Signal instructing delay of a
symbol clock phase comes énd adding 1 to said phase control
accumulation data_whgn said frequgncy_devigtion measurement
complete'gignal indicates completion of measurement aﬁd the
AFC up §%gnal instructing lead of a symbol clock phaée comes
- to output’ the subtraction value or the addition value as
deviati;h'éliminated accumulafed dafa; and
. _ (67)
time delay setting signal output meansLjor averaging
said deviation eliminated accumulated data for every number
(1 to K) indicated by ‘a select-after-detect signal to obtain

a difference between K pieces of averaged data, outputting

the obtained value as K sets of time delay setting signals.
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