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TITLE OF THE INVENTION
A TIMING RECOVERY APPARATUS AND A DIVERSITY
COMMUNICATION APPARATUS USING THE SAME

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 baéed on PSK (Phase Shift
Keying). - | |

_Deécription of Prior'§rt:“

A timing recovery";pparatus for a?dembdulétor of a
'digitallwireless dgﬁﬁﬁﬁication apparat;s basédlon PSK ‘is
disclosed on JP-A §/252965; The disclosed  timing recovery
apparatus uses a phaééJdetecting section for initial pull-in
that detect a clock phase by using a preamble pattern and a
phase detecting sectién for steady state based on zero cross
detecting that detects lead or lag of a clock éhase. Varibus
schemes for conventional diﬁersity communication apparatuses
are described in "Basics of Mobile CQmmunicatidn,” Chapter 7,
edited by Institute of Electronics, Information and
Commuhication Engineers of Japan, published by Corona
Puﬁlishing, 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
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apparatus be 2. In the figure, reference numerals lA.and 1B
indicate antennas, 2A and 2B indicate detecting sections, 3A
and 3B indicate sampling sections, 4 indicates a diversity
section, 5 indicates a timing recovery section, 6 indicates a
Nyquist point extracting section, 7a indicates a Nyquist
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 phase detecting section for initial
pull-in (hefeinafter, it is éalled as.an initial pull-in
phase detecting section), 11 indicates a phgse detecting
section for steady state (hereinafter, it-.is called as a
steady state phase detecting section), lziindicates 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 selectiﬁg 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
énd 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 termiﬁal. 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



~3-

indicates a register, 12a indicates a differential data input.
" terminal, 12b indicates a regenerated 1/2 frequency clock
input terminal, 12c¢ indicates a regenerated clock ihput
terminal, 12d indicates a burst gate input terminal, 1l2e
indicates a timing phase difference data output terminal, and
12f indicates a timing phase difference data calculation
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



indicates frame synchronization signal input terminal, 13b
-indicates a phase control complete signal input terminal, 13c
indicates a LEAD signal input terminal, 13d indicates a CROSS
signal input terminal, 13e indicates a burst Qate input
terminal, 13f indicates a regenerated clock input terminal,
40 indicates a selector, 41 indicates a 1l-bit shifter, 42
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. '

N 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
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clock output teiminal,.and 15g indicates a phase control
complete signal output terminal.

The operations of the above-mentioned convéntionél
diversity receiving apparatus will be described; First, the
operations of the diversity receiving 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



—6-

phase signal. Then, the diversity section 4 pérforms signal
synthesis.such as selective synthesis, equivalent gain
sfnthesis or maximum ratiq synthesis described in'the
above-mentioned document "Basids of Mobile Communication" by
using the received signal power and the two pieces of
delay-detected béseband 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
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'performing n/4 shift QPSK on the data pattern in which "00"
and "10" repeat by the mapping shown in FIG. 59. For
simplicity of description, no carrier frequency deviation is
givén to the baseband receive phase data. When the data
pattern in which "00" and "Ol" repeat is modulated by n/4
shift QPéK, the phase fluctuates from O to n/4 or from n/4 to
-0 af 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
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receive phase data and the received signal power (B) and (D),
outputting the delay—detected baseband receive phase data
after synthesis indicated by vertical lines in (E) of FIG.
58. |

- The timing recovery section 5 uses the synthesized
delay-detected baseband receive 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
described. 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



-9~

phase difference and, at the same time, performs the clock
phase initial pull-in controlling. The calculation of the
timing phase difference is performed by the initial pull-in
phase detecting section 10 and the initial pull-in fiitering
section 12. After the clock phase initial pull-in
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 pull -in control operatlon
w;ll be described. The initial pull-in phaseadetecting
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 irregulérlya

The operations of the initial pull-in phase detecting
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section 10 and the initial pull-in filtering section 12 will
be described with reference to the timing chart of FIG. 61.
In the baseband receive phase data having the preamble
pattern entered from the input terminal 10a of the initial
pull-in phase detecting section 10, the Nyquist points
indicated by a tiny circuit take valﬁes of 3n/4 and -n/4
alternately unless affected by noise or the like as shown in
(A) of FIG. 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
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converted to data indicated'by vertical dotted lines shown in
(C) of FIG. 61. As shown in (C) of FIG. 61, let the _
even-number data sequence after multiplication be G; (i=1, 2,
3, ...) and the odd-number data sequence after multiplication
be H, (i=1, 2, 3, ...) as shown in (C) of FIG. 61. The two
data sequence 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 iqdieates logic "1" during J symbol period at input of
the preemble pattern. The comparator 33 indicates logic "0
when the output of the up counter 32 is less than J. The up
counter 32 starts countlng at the rise of the burst gate
signal entered from the input terminal 12d in the timing
shown in FIG. 60. The gate signal is generated by 1nverting
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 the 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 "0" to "1" when the output of the up eounte: 32 exceeds
J. The timing phase difference can be obtained at this point

of time, the output of the comparator 33 is outputted from
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the output terminal 12f as the timing phase difference data
calculation complete signal. In addition, the output of the
ROM 23 is latched in the register 24 by the output of the
comparator 33. The latched data are outputted from the
output terminal l2e as the timing phase difference data.

The fbllowing 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
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register 37A be Z, (n=1, 2, 3, ...), sample data of the IDATA
at the risiné edge obtained by.the register 37B be N, (n=1,
2, 3, ¢+¢), and sample data of the IDATA at the rising edge
délayed by one symbol obtained by the register 37C be
Nip-yy(n=1, 2, 3, +e¢), then the zero cross of the data occurs
when the following relation is established as shown in FIGS.
63(A) and 63(B): '

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).

If N, xZ, <0 | see (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, o) 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"
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is outputted from the output terminal 35c; if the clock phase -
is lagging, the ILEAD signal of logic "1" is outputted from
the output terminal 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 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 i3 outputs
an UP signal that leads the timing phase from the output

terminal 13g; if the filtering section 13 determines that the
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timing phase is advancing, the'filtering section 13 outputs a
DOWN signal that delays the timing phase from.the output
terminal 13h.  The averaging is implemented by the UP/DOWN
counter 42. The UP/DOWN counter 42 operates in the period of
the regenerated clock entered from the input terminal 13f.
The UP/DOWN coghter 42 is enabled. when the bﬁrst gate sighal
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
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control complete signal entered from the phase controlling
section 15 to the input terminél 13b, this signal indicating
that the timing phase control has been completed. The
filtering section for steady state 13 uses the frame
synchronization signal entered from the input terminal 13a to
determine whether the current boint is in'phase pull-in state
or steady state. In the phase pull-in state, high-speed
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;ge
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
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operation is completed. When the timing phase data is
entered from the input terminal 144 upon completion of the.
calculation of the timing_phase_data, the gate circuit 46
converts the timing phase data "0 to 15, 16 to 31" to "16 to
31, O to-lS"_to oufput'the result as the phése control data.
After coﬁpletion of the timing phase data calculation, the
~gate circuit 46 outputs fhe data outputted frog.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#gd 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
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UP counter 49. When the load signal is logic "1", the UP
counter 49 loads the phase control data entered from the
input terminal 15a. If the phase control data takes the
value of "16" that indicates that the phase.cbntrol data is
in the uncontrolled state, "16" is loaded when the count
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
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control complete signal for instructing the setting of the
value 6f the UP/DOWN counter 42 to Nx is outputted from the
output terminal 15g. The comparator 47B compares the phase
éontrol data with "16". If‘a match found, the comparator 47B
outputs logic "1, The AND gafe 48 performs a logical AND
operation between the output of the comparator 47B and the
load signal. The output of the AND gafé becomes the phase
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 is 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 thé steady

state filtering section 13 is performed based on the lead or
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lag of the timing phase. Consequently, even if a noiseless
transmission path is assumed and Nx in the steady state
filtering section 13 is set to "2", it takes as long a time
as equivalent to about 100 symbols until completion of the
timing phase pull-in.

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_implémentedhby 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'témporarily
causing a timing phase difference; resulting in deteriorated
- bit error rate characteristic and synchronization

characteristic.



21~

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to
provide a timing recovery meﬁns for realizing a high-speed
timing phase pull-in characteristic and a low-jitter
characteristic in steady state at the time of powering on or
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
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symbol frequency components; and phase detecting ﬁeané having
an even-number sample synthesizing section in which eagh of
phaée jitter data sequence from thé phase jitter quantity
calculating means are entered, even-number phase jitter data
sequence are delayed for synthesis such that phases of symbol
frequehcy components included in the even-number phase jitter
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
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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 the
symbol orthogonal component signalland the symbol in-phase
component signal to output integrated orthogonai data and
integrated in-phase data; phase difference calculating means
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
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another aspect thefeof, there is provided the timing recovery
apparatus wherein the integrating filtering means comprising:
limiter accumulating means for, if the symbol frequency
component quantity indicates to be below an accumulation
threshold value, accumulating the symbol orthogonal component
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 n;tﬁral number 2 or
higher) to generate the integrated orthogon;l data énd the |
inpegrated in-phase data. b

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
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comprising: integrated data absolute value converting means
for outputting an absolute value of the integrated orthogonal
data and an absolute value of the integréted in-phase data as
orthogonal integrated absolute value data and integrated in-
phase absolute value data respectively:; compared data
calculating means for, if én.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.
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In carrying out the invention and according to a still
further aspect thereof, there is provided the timing recovery
apparatus wherein the in-first-guadrant-range phase data
calculating means comprising: phase data non-linearly
converting means for perfo;ﬁing non-linear conversion on the
number of additions at a time when the number of additions of
the total absolute value 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-according to yef
further aspect thereof, there is provided the timing recovery
.. apparatus wherein the symbol frequency component quantity
“'cqlculating 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
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without gquadrant bits indicates to be below a value
equivalent to n/4 in radian, outputting the phase data
without quadrant bits as weighting data and, if the phase
data without quadrant bits indicates to be greater than the
vaiue equivalent to n/4 in radian, outputting a wvalue
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
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a value obtained by subtracting the phase data without
quadrant bits from a value equivalent to n/2 in radian as
filter operation stop data; and wherein the filtering means
comprising: filter operation stopping means for, if timing
phase control has been perfbrmed, stopping an infinite
impulse'filtering.operation for a time set based on 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 counter reaches 0 and, after outputtlng the up signal
or the down signal, set the up/down counter to the filter |
constant N again; and wherein the phase control 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



-29-

symbol clock phase by the down signél is generated, outputs
phase control data for delaying the symbol clock phase.

In carrying out the invention and according to a
difference aépect thereof, there is provided the timing
recoﬁery apparatus whe;ein the phase control means
comprising: integrated data résetting means for, when the
symbol frequency component quantity exceeds the threshold
value 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 frequency 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
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coqtrol data for advancing the symbol clock phase by the AFC
up signal if an instruction for'advancing the symbol clock
phase is generated when the symbol frequency component
quantity goes below a threshold value for recognizing line
disconnection state and the frequency deviation 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
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aspect thereof, there is provided the timing recovery
apparatus wherein the timihg phase control interval setting
means comprising: control interval setting signal varying’
means for varying a frequengf of the timing phase control
interval setting signal between timing pull-in time and
steady state time. : - |
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
oversample 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.
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In carrying out the invention and.acéordihg to yet
another aspect thereof, there is provided the diversity
communication apparatus wherein the timing recovery means
comprising: K sets of phase detecting means each for
~outputting even-number sequence synthesized symbol frequency
component data and odd-number 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 outpufting timing phase difference
data, an up signal, a down signal, and a symbol frequency
component quantity by use ofﬂtpe-even-humber sequence
synthesized symbol frequenCY:Edmponent data and the
o@d—number-sequence synthesi;éd symbol frequency component
data; timiﬁg phase control interval setting means for
outputting a signal having a ﬁ (U bging 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 tﬁe
filtering means that indicates a maximum value of the symbol.
frequency component quantities outputted from the K sets of
filtering means and outputting the sélected 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
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difference measuring means for measuring delay time
differences of the K sets of baseband phase signals to output
K sets of time delay setting signals; the time delay
difference measuring means including phase subtracting means
for subtracting first timing phase difference data from the K
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
differencerdata output means for latching the K sets of time
delay difference data as a valid data when the K sets of
symbol frequency component quantities all exceed a threshold
value for time delay measurement; and delay difference data
averaging means for accumulating each of the K sets of valid
deiay 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
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output received phase data sequences Y; (i being natural
number 2 or higher); K sets of asynchronous sampling means
each for sampling the time delay baseband phase signal by
R~times (R being natural number 4 or higher) asynchronous
oversampling clock to output an asynchronous received phase
data seqﬁence Ql.(i'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
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sequence synthesized symbol frequency component data; K sets
of symbol synthesizing means each for generating a symbol
orthogonal component signal and a symbol in-phase component
signal from the K sets of complex direct-current components;
K sets of integral filtering means each for outputting
integrated orthogonal data and integrated in-phase data by
use of the K sets of symbol orthogonal component signals and
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-
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phase data; phase.cofitrol 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; synthesized phase control means for generating the
symbol clock and the X-times oversample clock By dividing a
receiving apparatus base oscillation clock to coﬁtrol 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
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component signal from each of the K sets of asynchronbgs
complex direct-current components; K sets of asynchronous
integral filtering means for generating asynchronous
integrated orthogonal data and asynchronous integrated in-
phase data from each of the K sets of asynchronous symbol
orthogonal component signals and 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
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sets of asynchronous valid delay time difference'&ata; and
asynchronous delay difference data averaging means for
accumulating each of the K sets of asynchronous valid delay
time difference data by S (S being natural number 1 or
higher) times and dividing the accumulation result by S to
output K sets of division values as the time delay setting
signal.

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 o
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
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component; symbol éynthesizing means fér generating a symbol
6rthogonal component signal and a symbol in-phase component
signal from fhe complex direct~current component; integral
filtering means for generating integrated orthogonal data and
integrated in-phase data by use of the symbol orthogonal
~component signal and the symbolfintegrated'ip-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
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set the symbol frequency component to the intégrated in-phase
data; and time delay difference measuring means for measuring
delay time differences of the K sets of baseband phase
signals to output K sets of delay time setting signals.

In carrying out the invention and acéordiﬂg'to a
separate aspect. 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 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 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
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number 2 or higher); selective syhthetic diversity means for
outputting, of the K sets of received phase data sequences
Y,, a received phase data sequence corresponding to a maximum
value of K sets of received signél powers as a determination
data sequence and, at the same time{'outputting'a number of
the received phase data sequence as a select-after-detect
signal; Nyquist point extracting means for extracting a
Nyquist point by use of the'symbol clock from the
determination data sequence;_aqd timinglrecovery.means for
genérating a.symbol clock and an X-times oversample clock for
e&fracting a Nyquist point of a received signal by use of the
éJ;ets of received phase data sequences Y, and, at the same
'Eime, outputting K sets of time delay setting signals.

o 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 ﬁeasurement 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
cbmpletion 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
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deviation eliminated accumulated data; and time delay setting
signal output means for averaging the 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.

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
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a symbol frequency component'quantity calculating section in
the filtering section of FIG. 3;

FIG. 9 is a block diagram illustrating a constitution of
a phase difference calculating section in the filtering
section of FIG. 3;

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;
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FIG. 19 is a diagram illustrating a relationship between
output and timing phése difference of the integral filtering
- section of the filtering section of FIG. 3;

FIG. 20 is a diagram indicating weight wvalues used by
-the symbol frequency component quantity calculating section
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;
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FIG. 28 is a block diagram illustrating a constitution
of a time delay difference measuring section in the timing
recovery section of FIG. 27;

FIG. 29 is a block diagram illustrating a constitution
of a filtering section in the timing recovery section of FIG.
27;

FIG. 30 is a block diagram illustrating a constitution
of an integral 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;
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FIGS. 38(A) through 38(F) are characteristics diagrams
for describing operations of the integral synthesis filtering
section of FIG. 36;
| fIG. 39 is a characteristics diagram indicating a
relationship between output and delay time difference of the
filtering section in the timing recovery séction 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 practiced as a o
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 consfitution
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;
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FIG. 48 is a diagram for describing'a relationship
between data for stopping filtering operation and'filtering
operation stop time in the integral filtering section.of FIG.
46; |

FIG. 49 is a timing chart for describing operations of
the integral filtering section of FIG. 46;

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;



~48—

FIG. 58 is a timing chart for describing operations of
the diversity communication apparatus of FIG. 50;

FIG. 59 is a diagram for describing a mapping of
transmission data in the diversity communication apparatus of
FIG. 50;

FIG..GG is a diagram for describing a burst format of
transmission data in the diversity communication apparatus of
FIG. 50; — |

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

FIG.:Gé;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 quantity detérmining section of FIG. 27.
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

This invention will be described in further detail by .
way of example with reference to the accompanying drawings.
Embodiment'lz .

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.



-50-

FIG. 2 is a block diagram illustrating a constitution of
the phase detecting section 62 in the present embodiment. 1In
the figure, reference numeral 62a indicates a received phase
data input terminal, 62b indicates a regenerated quadruple
frequency clock input terminal, 68A, 68B, 68C and 68D
indicate registers, 68E, 68F, 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 control
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 component 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
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calculating section, 77 indicates a random walk filtering
section, 63h indicates a timing phase difference data output
terminal, 63i indicates a symbol frequency component quantity
output terminal, 63j indicates an UP signal output terminal,
and 63k indicates a DOWN signal output terminal.

FIG. 4 is a block.diagfam'illusfrating a consfitution of . i
the phase control quantity determining séction 65 in the
present embodiment using the random walk filtering 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. L

| 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
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l. indicates a phase control data input terminal, 67b indicates
an AFC UP signal input terminal, 67c indicates aﬁ AFC DOWN
signal input terminal, 674 indicates a detected select signal
input terminal, 67e indicates a frequency deviation
measurement complete signal input terminal, 67h indicates a
line disconnection detect signal input terminal, 86A and 86B
indicate adders, 86C indicateé 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 output 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
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of the random walk filtering section 77 for usé in the
filtering section of FIG. 3. In the figure, the components
similar to those of FIG. 55 are denoted by the same reference
numerals. Reference numeral 77a indicates a frame
syndhfohization signal input terminal; 77b indicates a phase
¢Ontrol'complete signal input terminal, 77e indicates 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 6f'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
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indicatés a coméarator, lil indicates an UP countér} 112
indicates an inverter, 114 indicates a NAND gaté, 116
| indicates a phase data non-linear converting section, and 75c¢
indica;es a timing phase difference data output terminal.
FIG. 10 shows a block diagram illustrating a
constitution of the clock base oscillation frequency
deviation measuring section 85A for use in the phase control
quantity determining section 65 of FIG. 4. 1In the figure,
reference numeral 85a indicates a regengrafed clock input
‘terminal, 85b indicates a phase control data 'input. terminal, .
85c 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
detecting section 2B detects a carrier signal entered from
the antenna 1B and passed through limiter to output a
baseband receptioﬁ phase'signal. It is assumed here that a

delay time difference between the detecting section 2A and
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the detecting section 2B be a 6/32~-symbol time as shown in
FIG. 11. It should be noted that each baseband reception
phase signal is obtained, as with the conventional example of
FIG. 58, by performing n/4 shift QPSK modulation on a data
pattern that repeats "00" and "10".

- 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.
Whgn 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) ' eee (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
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diversity section 61 selects baseband reception phase data
outputted from the sampling section 3A or 3B corresponding to
the detecting section 2A or 2B that outputted a higher
received signal power. In addition, the selective synthetic
diversity section 61 outputs a'signal that indicates the '
selected branch as a selectioh'signal.

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.
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The above-mentioned control of the time delay sections
60A and 60B makes the signal delay time difference betwgen
the time delay sections 60A and 60B equal to ~6/32 symbbl.

_ As a result, as shown in FIG. 11, the difference between the
delay time of the signal that passed the detecting section 2A
and the time delay section 60A and the delay time of the

signal.fhat 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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to output four sample differential data sequence. The one
sample differential data sequence, two sample differential
data sequence, three sample differential data sequence, and
four sample differential data seqﬁence are converted by fhe
phase jitter quantity calculating sections 69A through 69D
respectively in the quantitiés of the received phase data to
ﬁaveforms'represented along the time axis in a range of O to
(. If differential data sequence X; is represented in x bits
(-2* g 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~ a see (5)

I1f -2*2 > X, or 2*?%, then Y, is obtained from the following:

| Y, = 2% - [x/] see (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. If 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
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entered. The result of this addition is outputted from the
output terminal 62d as even-number sequence synthesized
symbol frequengy component data. The phase jitter data
sequence outputted from the phase jitter quantity calculating'
section 69A. in which the one sample differential data
sequence is entered is delayed by the register 70A by a time
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.
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Odd-number sequence synthesized symbol frequency component
data are obtained by delaying by one sample the phase jitter
data sequence based on the one sample differential data
sequence and adding the result to the phase jitter data
sequence based on the three sample differential data sequence
as -shown in (J) of FIG. 15. Even-number 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
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sample differential data sequence or the phase.jitter data
sequence based on the four samplé differential déta sequenbe
as the even-number sequence synthesized symbol freéuency
. component data. Likewise, the phase detecting section 62 may
use .the phase jitter data .sequence based on the oneisample
- differential data sequence or the phase jitfer 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.%S:ébtains a
- complex direct-current-domponentaDC by.multipi§ing,~as shown -
in_the folldwing formulasi(7)'and.(8), evenvn;mber 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)
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In this case, the multiplying processing is simpié
because, for i = {0, 1, 2, 3, 4, 5, ...}, cos2nf (T,/4) takes
values of {1, 0, -1, 0, 1, ...}, cos(2nfs(T,/4) - n/4) takes
values of {1/2Y3, 1/2%%, -172Y%, -1/2Y%, 1/2%%, ...},
sin2nf,(T,/4) takes values of (0, 1, 0, -1, O ...}, 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
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the values as shown in the formula (9) below for example.
Obtaining an arctangent of the average value, the phase
difference calculating section 75 can obtain timing phase
difference Ae,.
L L
Ae, = tan™! (Zsd,/¥cd,) vee (9)
S i=1 i=1

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 pheee~is leading. Hence, the random walk filtering
.section'72”ﬁses-a sign bit of thefsymbol.orthogohalqcomponent.
signal'Sd:eto 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 .
ecomponent 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
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The following describes operations of the integral
filtering section 74. At initial pull-in by power-on
operation for example, the symbol frequency component
quantity takes a value loﬁer than a threshold for infinite
impulse response switching. In the integral filtering
section 74 of FIG. 6, the symbol orthogonal component signal
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
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quantity SV accordingly.

When the symbol frequency component quantity SV exceeds
the threshold for the infinite impulse response switching;
the comparator 98 outputs a signal for indicating that the
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



—66—

control compiete signal is entered in the integral filtering
section 74 from the input terminal 74e indicating that phase
control has been performed. When the phase control complete
signal has been entered, the symbol frequency component

: quantify.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
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as shown in (C) of FIG. 18.

At point (b) of FIG. 18, the symbol frequency component
quantity exceeds the infinite impulse response switching
threshold. Therefore, as shown in (D) of FIG. 18,'the
integral filtering section 74 stops the accumﬁlating.
operation, starting infinite impulse response filtering
operation. Consequentiy, 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
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sections. 100B and 100A. - If the output value of the selecting
section 102 is outputted without change from the output
terminal 764 as the symbol frequency component quantity, a
greater error is caused as compared with the output obtained
from the formula (10). Therefore, the Qutput of the
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 timing

- phase difference obtained. from the formula (9). For exampléff--
if fhe timing phase difference is "3" (3mn/16 radian) and th;}
symbol frequency component quantity obtained from the formula

(10) is A, then the selecting section 102 selects 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 guantity,
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.
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It is assumed that the value of the symbol frequency
component quantity obtained from the formula (10) be constant
value A. Therefore, the weighting circuit 103 selects a
weight value B shown in FIG. 20 according to the timing- phase
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,
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Ae,' = rn/2 x |c|/(|B] + |c}) see (12a)

If B<0, C=20,

Ae,' = n/2 x |B|/(|B] + |C|) + n/2 ese¢ (12b)

If B<0, C<O,

Ae.' = n/2 x |c|/(|B] + |C|). + ees (12¢c)

If B20, C<O, _

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

_ Thus, the calculation of tan™ can be realized by simplé
.addition and subtraction, thergby:reducing hardware scale of
- the phase difference'palculating section 75. ' It should be
noted that Ae, obta%n?d from the formulas (12a) through (12d)
‘has some'error'as.cdﬁpared.withrthe valﬁe:originally-bbtained~
- from the formula (11). For example, éccording 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, causiﬂg some
aerror frpm the original value. .

FIG. 9 shows a .circuit constitution of the phase
difference calculating section .75 for calculating a timing
ﬁhase 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
values, a remainder Q obtained by dividing the timing phase

difference by n/2 results. The quadrant of the timing phase
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differencé data is éétermined the most significant bits of
the integrated in-phase data and the integrated orthogonal
data. If the most significant bit of the integrated in-phase
data is "0" and that of the integrated orthogonal data is
"0", the timing phase difference 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,
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2, #++ , 15}. Therefore, the formula (14) may be transformed
to the formula (15).
Q = INT [16 x |E|/(|B]| + |C])] see (15)
| where, INT[a] dénotes the integer part of a. Therefore,
Q0 can be calculated as follows.

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 obtainea 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 = [E|/(B] + D).

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



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 output value of
the addexr 108 gxceeds the output value "32" of the bit
shifter 107, the comparator 110 enters the signal of logic
| "O" into the UP counter 111 (refer to (C) of FIG. 21) to
disable counting.
~ 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 above-mentioned
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.
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To reduce the calculation error, the phase data
non-linear converter 116 performs a non-linear conversion
shown in FIG. 22 by using Q as input data. FIG. 23 shows the
primary Q' obtained from A6,' according to the formula (16),
Q0 outputted from the register 115, Q' obtainéd from the
formula (16), and Q' on which the non-linear conversion of
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 sfate 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
sdq,. -

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
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positive, it indicates that the timing phase is leading, so
that the UP/DOWN counter 42 performs down counting. The
UP/DOWN counter 42 starts counting from the initial value Nx.
The UP/DOWN counter 42 operates in the period of the
regenerated clock coming from the input terminal 77d.

The Nx value outputted from the selector 40 shifted bf
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
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quantiﬁy deterﬁining section 65 ﬁill be described_with
reference to FIG. 4. The phase control quantity determining
section 65 determines how much timing phase is to be
controlled. A phase control quantity is determined by use of
the timing phase difference data A6,', the symbbl frequency
compoﬁent quantity, the UP signal, and the 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 thén 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
synchronlzation signal the input terminal 65c may only be
set logic "1" always. The output gate 81 of logic "O"
;ndicates puil-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 O
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through 31; At this moment, the two pieces of data coming
from the UP/DOWN data generating section 83 are ignbred.

When O s Ae,' < 16, PD = 16 - Ae,'

When 31 < A8,"( 17, PD = 48 - A9," e+ (18)

According to the formula (18), the phase control data PD
aré latched by a 46, output pulse that repeats, in period TL
[symbols], "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
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disconnected.

If the output of AND gate 79 is logic "1", the selector
'82 selects an AFC UP signal and an AFC DOWN signal coming
from the automatic frequency control signal generating
section 85B to output the.selected signals as an UP O signal
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;iﬁg 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
with the conventional case if the DOWN O signal for
instructing the lagging of timing phése 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 Qenerating section 85B outputs the
AFC UP signal and the AFC DOWN signal for providing predicted
control state without causing the timing phase control to
eironeously operate if line disconnection takes place.

Thus using the symbol frequency cbmponent quaﬁtitf; the

phase control quantity determining section 65 determines
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whether the current state is pull-in, steady, br line
disconnected state. In the pull-in state, the phase control
quantity determining section 65 uses the timing phase
difference data A6,' as the phase control data to perform
control such that the timing phase difference A6,' is
caﬁceled, 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



-80~

phase difference'calculating seétion 75, and the symbol
frequency component quantity calculating section 76 in the
filtering section 63. On the other hand, since the UP signal
and the DOWN signal are required no more, the random walk
filtering section 77 becomes unnécessary.

In this case, the phase control quantity determining
.section 65 is constituted as shown in FIG. 37.jfks shown in
the figure, the selecto: 82 is not required ahy 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
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longer, timing phase control is performed in a longer time
interval, so that the jitter amount in the steady state is
reduced but at the cost of deteriorated timing phase pull-in
characteristic because T, [symbols] time uncontrolled state
occurs at the initial stage of timingﬁphaée pull-in. Hence,
in the case 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
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control signal generétor 858 are not reduired. 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 1eading-nor the DOWN O signal
for instructing phase lagging. On the other hand, if the
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
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FIG. 24.  Conversely, if the clock base oscillation frequency
on the receiving side is higher than that on the sending
side, the regenerated clock phase is 1e&. Therefore, for the
phase control data, a value below “15" occurs more often than
a value over "17". As a result, the output of the adder 119
decreases while jittering as shown in (c) of FIG. 24. A
temporal fluctuation of output the output ADout of the adder
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,/ADq eee (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
términal 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
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found greater is outputted from the comparator 124 to be
written to the register 125. The value outputted from the
comparator 124 is a maximum value of ADout absolute values
. from starting of the circuit operation to the current point
of time. Therefore, as shown in (c) of FIG. 24, the value
outputted from the cdmparator 124 increases gradually.

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% | cee (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".
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At the same time, the output (TS) of the register 129 is
captured in the corrected data averaging circuit 130 at the
rising of the output of the comparator 122. The correct data
averaging circuit 130 averages TS. In addition, the
corrected data averaging circuit 130 élso captures the most
significant 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



-86—

and the regenerated quadruple frequency clock phase such that
the timing phase difference becomes "O" and, upon completion
of the control, outputs the phase control complete signal. |

The following describes operations of the time delay
difference calculating section 67. First, principles of
operation will be described. The time delay difference
calculating section 67 is applied.when 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 (t/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 conttol 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
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the timing phase is delayed. ﬁamely, a value greater than
"16" is outputted as the phase control data PD until the
timing phase difference becomes "0O" agaiﬁ. Cpnsequently, the
delay time difference t is expressed in the formula (21)
below. In the formula, Mz{A) denotes an average value of the
accumulated value of A at the time when 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.
Aangntioned 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
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detail. The frequency deviation eliminated data generating
section 87 starts operating when the frequency deviation
measurement complete signal coming from the input terminal
67e indicates the completion of frequency deviation
measurement. At this momeht, if an instruction for advancing
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".
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If the base oscillation frequency on the sending side is
lower than that of the feéeiving side, phase control is
performed to lead the timing'phése, so that the average of |
the phase control data with a jitter indicates a value lower
than "16". In fhis case, the AFC UP signal is entered to
instruct the advancing of the timing phase. Therefore, "15"
is periodically outputted among "16" from the 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".
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The output of the subtractor 86A is accumulated by the
register 86C and the adder.86B. Based on a detected select
signal coming from the input tetminal 67d, the
serial-parallel converter 88 divides the result of the
accumulation into accumulated value SUl when branch 1 is
selected and accumulated value SU2 when branch 2 is selected.
The averaging circuit 89 averages the accumulated value SUl
and the averaging circuit 90 averages the accumulated value -
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 eignal ihdicates 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 cutput section 67
cbtaias tl, and t2; from the delay time difference <t
according to formulas (22) and (23) when 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
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the base oscillation freqﬁency on the sénding side is higher
than that on the receiving side, "17" is outputted as the
phase control data more than "15" by one every 6 symbols so
that phase control is performed to delay the timing phase.
The average value is 16.17, which is higher than "16"
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 Nyquist
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
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base oscillation frequency deviation as mentioned above, a
l-symbol width pulse that delays the timing phase every 6
symbols is outputted as the'AFc DOWN signal as shown in (C)
of FIG. 26. In addition, all-"0" data that prevent the
timing phase from advancing are outputted as the AFC UP
signel as shown in (B) of FIG. 26. 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 section 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
ave;aging 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 indicaﬁee approximate "0" while the
output of the averaging circuit 90 indicates approximate "3".

Consequently, the subtractor 91 subtracts the output of the
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averaging circnit 89 from the output of the averaging circuit
90 to output.the delay time difference t = "3". In this
example, the time delay setting signal output section 92
subetitutes Tt = 3 into the formulas (22) and (23) to output
value tl, = 1 and t2, = -2 for eliminating the delay time
deviation. Substituting tl; and t2; obtained by the time |
delay setting 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 sections 60A and 60B. The
ml, and m2; each correspond to m, in the formula (5). Thus,
the number of stages of each shift register is set to a
desired value, the difference betWeen the signal delay tlme
1n the detecting section 2A and that in the detecting section-
2B is eliminated. Thus, in this example, 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 cheracteristic from being
deteriorated due to delay.time difference. In addition to
calculating the delay time difference as mentioned above, the
timing recovery section 5A ptovides 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'data regardless_whether the
inpnt signal is of random pattern or preamble pattern. The
filtering eection 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
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symbol frequency component quantity. At the same time, the
filtering section is constituted such that the integral
filter maintains the symbol frequency component quantity also
after the timing, phase control, thereby reducing the amount
of jitter in the clock phase in steady state.

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 section 65 cen shorten the timing phase control
interval for phase pull-in state and elongate the same for
steady state, thereby 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 deviation to perform predicted
control at line disconnection or the like, thereby
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 regardless whether the same is of random pattern or
preamble pattern, thereby malntalning 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.
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In the present'embodiment, the number of branches of the
diversity receiving apparatus K = 2. It will be apparent
that K may be any nafural number higher then 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 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
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modulating. Namely, the present embodiment is applicable to-
any divefsity 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 2:

In the second embodiment, a diversity receiving
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
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output selectiné section, 651 indicates a phase control
quantity determining section, 66A indicates a phase controi'
section, and 141 indicates a time delay difference measuring
section. FIG. 28 shows a block diagram illustrating a
cohstitution of the time delaf difference measuring section
141. In the figure, reference numeral l4la indicates a 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
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the invention. In the figure, reference numeral 74h
indicates a filter reset signal input terminal and 95C
indicates a selector. _

FIG. 31 shows a block diagram illustrating a
constitution of the filter output selecting section 140 0£
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
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detecting section 2B, the time delay section 60B, and the
sampling section 3B performs the same operations as those
performed by the counterpart of the first embodiment.
Therefore, baseband reception phase data
quadruple-oversampled of branch 2 and a received signal power
of branch 2 are obtained.

The diversity section 4 uses baseband reception phase
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
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6, as with the first embodiment, extracts, by using the
regenerated clock coming from the timing recovery section 5B,
Nyquist point data from the baseband reception phase data
after synthesis outputted from the diversity section 4 and
outputs the exfracted Nyquist point dafa. 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 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 velues ml#éEﬁd 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 section 62A performs the same operation as with the
first embodiment to output first even-number sequence
synthesized symbol frequency component‘data and first
odd-number sequence synthesized symbol frequency component
data. The basebend 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
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the first embodiment of FIG. 2. Consequently, the phase
detecting section 62B performs the same operation as with the
phase detecting section 62A to output second even-number
sequence’ synthesized symbol frequency component data and
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
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composed of the adder 94a and the register 96A. Likewise, a
symbol in-phase component entered in the input terminal 74c
is accumulated by a accumulating circuit composed of the
adder 94B and the register 96B. These accumulating
operations are performed in the period of the regenerated
.clock entered in the input terminal 74b.

The selector 95A selects the output of the adder 94A at
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
dp@pleted, 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
capability 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
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these values. If D is 2 to a power, then the dividing
operation can be implemented by bit shiftihg. In this case,
a dividing circuit can be implemented easily. As shown in
FIG. 29, in each of the filtering section BSA and 63B, the
phase difference.calculating section 75 uses the iptegrated
in-phase data and the integfated orthogonal data coming from
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
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the larger symbol frequency aomponent quantity enhances the
characteristic. The constitution of the filter output
selecting section 140 is as shown in FIG. 31. The comparator
150 compares the first symbol frequency-compoﬁent quantity
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 terﬁinal
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 frequency
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 oﬁtput 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
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signal from the output terminal 140k. - The selector 151C, if
the output of the comparétor 150 is “0", selects the second
UP signal coming from the input terminal 140f as the UP
signal and oufputs the selected signal from the output
terminal 140k. The selector 151D, if the output of the
comparator 150 is "1", selects the first DOWN signal coming
from the input terminal 140g as the DOWN signal and oﬁtputs
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 daté. 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
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quantity to perform the timing recovery operation.

Because the detecting sections 2A and 2B are generally
constituted by analog devices, usé of low-cost devices the
received signal powers outputted from the detecting-sections
2A and 2B may cause . a large error. In such a case, the data
‘between the branches can be selected 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 gate 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
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phase control in steady state is performed, the integral
filtering section 74A can calculate the différence between
the signal delay time in the detecting section 2A and the
signal delay time in the detecting section 2B by using 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 desqribihg the operations of the
second embodiment. These figures indicate the outpgf%of each
_integral filter at points (a) through (i) of FIG. Si?in the
integrated orthogonal data (QS)_of vertical axis and the
integrated in-phase data (IS) of horizontal axis. The vector
indicated by solid 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
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A6, output pulse is outputted at point (a), the phase control
using timing phase difference data A8, is performed. The
timing phase difference data A9, are the tinming phése
difference A9, at point (a). At this moment, if the output
of the integral filtering section 73A in each of the
filtering sections 63A énd 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;Ae1 provide the first timing
phase difference data proportiqﬁgl to the angle of the wvector
iqdicaféd by solid line as shoﬁg in FIG.'33(A). The symbol
frequency domponent 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
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length of vector) accumulated in each integral filtefing
section 74A is not lost. As with the first embodiment, the
vector directions indicated by the integral filtering
section 74A are rotated in angle "Oﬁ direction (indicated by
broken line of FIG. 33(a)).

following time point (a), the symbol frequency componeﬁt
quantity increases gradually. Because the A9, 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 componént quantity is

still lower than the threshold value for recognizing steady
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state, so that, in the filter reset signal indicated at (H)
of FIG. 32, a rising pulse for resetting tﬁe registers 96A
and 96B in each integral filtering section 74A to "0“.is not
outputted. Consequently, as with immediately after time
point (a), the symbol frequency component quantity (the
length of vector) accumulated in eéch 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 ffgquency
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
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DOWﬁ signal. Therefore, resetting the outputs of the
integral filtering section 74A fo "0" causes no trouble in
circuit operation. Starting from time point (e), the
integral filtering section 74A accﬁmulates the symbol
frequency compoeent guantity from "Q" again.

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
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difference, the time delay difference measuring section 141
uses, for averaging, the obtained delay time difference data
as a valid value only when the lengths of the two vectors,
namely, the first symbol frequency component quantity and the
second'symbol frequency component éuantity both have exceeded
the predetermined threshold for measuring delay time. The
vectors shown in (B) of FIG. 34 both have exceeded'the
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 signal indicated in (G) of FIG. 32, a rising
pulse indicating tﬁat the phase control haslbeen 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 again in-the
DOWN signal at time point tg). Therefore, the pﬁase 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
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the angle difference of the vectofs shown in (C) of FIG. 34
cén obtain difference t, between the signal delay period in
the detecting section 2A and the signal delay period in the
detecting section 2B. However, of-the vectors shown in (C)
of FIG. 34, the wvalue of the vector of the branch 2 becomes
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 point (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
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time point (i). Therefore, the phase control data become
"17", delaying the timing phase. Because the comparétor 150
is.outputting logic "0" as shown in (I) of FIG. 32, this DOWN
signal is the second DOWN signal coming from the branch 2
side. Starting from time point (h), the symbol frequency
component quantity is accumulated from "O" in each integral
filtering section 74A. If the output of each infegral
filtering section'74A fakes 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 sectionif%
2B. éecause the vectors shown in FIG. 34(E) are both in "
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 -
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n{radian] and below n{radian]. The time delay difference
measuring section 141 is implemented by the constitution of
FIG. 28. |

The calculation of the delay time difference will be
described in detail. In the present embodiment, timing phase
difference data are expressed in natural numbers 0 to 31.
Therefore, a delay time difference falls in a range from -16
to 15.. It is assumed that the fifst 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
significanf bit of the output of the subtréctor 145 and the

output of the comparator 143c into the exclusive OR gate 146
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and entering in the register 147 the data with the output of
the exclusive OR gate being the most significant bit instead
of the most significant bit of the 6utput of the subtractor
145. If the output of the subtractor 145 is -28, the output
of .the comparator 143c becomes logic "1". Value "“-28"
‘represented as "100100" in binary notétion 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 = TO! o ... (242)

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
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corresponding symbol frequency component quantity has
exceeded the threshold value. The AND gate 144 uses the
outputs of the comparators 143A.and 143B as its inputs, so
that the AND gate 144 outputs logic "1" only when the first
-symbol frequency component quantity and the second symbol
. frequency component.quantity have both exceeded the threshold
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
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time delay sections 60A and 60B perform control such that the
delay time difference using tl, and t2, is eliminated as with
the first embodiment.

The constitution of the phase control quantity
determining -section 651 is'generally similar to the
constitution of the phase control quantity determining
section 65 of the first embodiment shown in FIG. 4. A
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 phasé
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 cqntrol 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
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disconnection has taken place, the AND gate 79 outputs "1"
more often. Therefore, the line disconnection signal
~averaging circuit 652 obtains a ratio at whidh "1" is
outputted. If the time in which the AND gate 79 outputs "1"
exceeds a. certain ratio, it is determined that line
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
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components coming from the phase detecting sections 62A and
62B. The filter output selecting section 140 perfbrms timing
phase control based on the ocutput of the filtering section
63A or 63B whichever has the larger symbol frequency
component quantity. Therefore, the timing regenerator 5B éan
realize timing phase contrdl more correctly than
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 can 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
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that ﬁay cause line disconnection occurs, timing
synchronization can be maintained. It'should be noted that
the components constituting the timing recovery section 5B
can be implemented by simple digital circuitry. That is, the
timing recovery section 5B can be realized by digital
circuitry than can be easily implemented on LSI.

In this second embodiment, the number of branches of the
diversity receiviné 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
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section for selecting the filtering section output having the
greatest symbol frequency_component quantity of the K sets of
filtering section outputé, a phase control gquantity
determining section, a phase control section, and a timing
phase cohtrol.interval setting section.

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.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.
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FIG. 35, in which component similar to those of FIG. 27
are denoted by the same reference numerals, shows a biock
diagram of a diversity communication apparatus including a
timing recovery section 5C according to the third embodiment.
In the figure, reference numerals .3A, 3B, 3C and 3D indicate
sampling sections, 5C indicates the timing recovery section,
62A, 62B, 62C and 62D indicate phase detecting sedtions, 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 ilustrating a constitution
of the integral synthetic filter@ﬁﬁ section 155. 1In the
figure, reference numeral 155a iﬂ&icates a first even-number
sequence synthesized symbol frequency compoﬁent data input
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 datalinput 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 syﬁthesizing éections, 1592 and 159B indicate
integral filtering éections,'lGOA and 160B indicate symbol
frequency component quantity calculating sectioﬁs, 161A and
161B indicate adders, 162 indicates a phase difference
calculating.section, 163 indicates a synthesized symbol

frequency component gquantity calculating section, 155g
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indicates a timing phase difference data output terminal, and
155h indicates a symbol frequency component quantity output
terminal.

FIG. 40, in which components similar to those of FIG. 3
are denoted by the same reference numbers, is a block diagram
.illustrating a constitution of the. . filtering sections 156A
-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 quantity
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
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phase data outputted from the sampling sections 3A and 3B and
received signal powers of each branch coming from the
detecting sections 2A and 2B to perform signal processing by
selective synthetic diversity, equivalent gain synthetic
diversity or. maximum ratio synthetic diversity, outputting
the synthesized baseband reception phase data sequence.
| The sampling section 3C samples the received phase data
outpﬁtted 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—oversamplingIgenetated
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
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synthesized baseband reception phase data outputted from the
diversity section 4. Further, the timing recovery section 5C
calculates a signal delay time difference between the
detecting sections 2A and 2B by using the asynchronous
basebahd reception phase data coming from the sampling
sections 3C and 3D to output delay time setting signals t1;
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
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sampling sectién 23 are entered in the phase detecting
section 62B. The phase detecting section 62B outputs the
second even-nﬁmber sequence synthesized symbol frequency
component data and the second odd-number sequence synthesized
symbol frequency component data.

The integral-synthetic-fiitering 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
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second odd-number sequence synthesized symbol frequency
component data coming from the input terminal 155e are
entered in the frequency converting section 157B. The

frequency converting section 157B performs generally the same

opération as that of the frequency converting section 72 of

_the first embodiment to convert the symbol frequency

componeht-to a direct-current component, outputting second
domplex 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 that 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.

filtering 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 component 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
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and the second integrated orthogonal data.

The symbol frequency component gquantity calculating
section 160A performs generally the same operation as that of
the symbol frequency component quantity calculating section
76 of the first embodiment. to. calculate the first symboi
frequency component Quantitynfrom the first integrated in-
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
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synthesized integrated in-~phase data. The adder 161B adds
the first integrated orthogonal data outputted from the
integral filtering section 159A to the second integrated
.orthogonal data.outputted from the integral filtering section'
159B to output the result to the phase difference calculating
section 162 and fhe-synthesized 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)).
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The vector between the second integrated in-phase data and
the second integrated orthogonal data outputted from the
integral filtering section 159B is indiCatgd as "159B output"”
(refer to FIGS. 38(B) and 38(E)). The vector between the
synthesized. integrated in-phase data outputted from the adder
161A and the synthesized integrated orthogonal data outputted .
from the adder 161B is indicated as "integrated value
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 a?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
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component quantities be kept accumulafed and "159A output"
and "159B outpﬁt“ immediately before the second phase control
be given as shown in FIGS. 38(D) and 38(E). Then, the vector
indicated by "integrated value synthesizing section output"”
-becomes the sum of the vectors indicated in FIGS. 38(D).and
38(E). The second timing phase difference bedomes 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_wyich the apparatus is put in steady state. '

5fﬁus,-based on the baseband reception phase data, the
phaséTdetecting 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
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as the phase control quantity determining section 65 of the
first embodiment, determining phase control data. The
interval of timing phase control is set by the timing phase
control interval setting section 64 like the first. |
embodiment. At the time interval thus set, the.éhase control
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
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fixed clock which frequency is four times as high as the
symboilrate. Using the second asynchronous baéeband
reception pﬁase data, the phase detecting section 62D
generates second asynchronous even-number sequence
synthesized symbol frequency component data and second odd-. -
number seduence synthesizeé'frequency component data. Based
on thé fixed symbol clock and the quadruple fixed symbol
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
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synthesizing section 73 synthesizes each component for one
symbol by using the fixed clock like the first_embodiment.

As with the first embodiment, the integral filtering
section 74B filters the asynchronous symbol in-phase
component data and symbol. .orthogonal component data by using
the fixed clock to output asynchronous integrated in-phase
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
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detecting section 62C on the branch 1 side. The vector
indicated by broken line of FIG. 39 is one example of the
integrated in-phase data and integrated 6rthogonal data
outputted from the filtering section 156B that operates based
on the data coming from:the phase detecting section 62D on
theubranch"Z'éide. 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 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
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frequency component quantity oﬁtputted from the filtering
section 156A and the timing phase difference data A6H, and
symbol frequency component quantity outputted from the
filtering section 156B. Namely, in the time delay difference
calculating section 141 of the present embodiment, the delay.
time difference t is obtained by substituting THO = AG6H; ~.
A6H, into the formula (24) instead of T@'. And t is used for
averaging as a valid valﬁe only ﬁhen the symbol frequency
component quantity. outputted from the filtering section 156Aﬁ
and the symbol frequency component quantity 6utputfed'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 controi
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



~-138-

2B that takes place when diversity is used can be obtained ' ﬁ
more accurately than in the second embodiment. Elimination
of the delay time difference prevents deterioration of the
bit error rate characteristic and.deterioration of
synchronization’Characteristic owing to the delay time
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
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control as with the first embodiment. Consequently, timing -
synchronization can be maintained even during line
disconnection.

Thus, the . timing recovery.section 5C fealizes the high-
speed phase. pull-in characteristic and the low-jitter
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
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quadruple frequency clock for outputting K sets of

asynchronous baseband reception phase data sequence Q,, a

diversity section for outputting'determination data segquence ]
by using K sets of baseband reception phase data sequence Y,

and K sets of received signal powers, a timing recovery .

seétion, and a Nyquist point extracting section.

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.
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Embodiment 4:

In the fourth 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 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
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brand 2 side weight factor .W, input terminal, 166A, 166B,
166C and 166D indicate multipliers, and 167A and 167B
indicate adders.

Operations to be performed by the fourth embodiment will
be described. Like the second embodiment, through a
detecting section 2a, é 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 détecting Section'
2B, a time delay section 60B, and_a sampling'section 3B,
quadruple-oversampled second baseband reception phase data éf
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



~143-

noted 'th.at, the factors W, and W, may be obtained by any
information that provides the reliability of the baseband
reception.phase data of eaéh branch without using the
recéived signal power.

As with the third embodiment, the sampling section 3C
samples the received 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
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calculates the difference between the signal delays times ih
the detecting sections 2A and 2B by using the asynchronous
baseband reception phase data coming from the sampling
sections 3C and 3D, outputting delay time setting signals t1l1,
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 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-
Qumber sequence synthesized symbol frequehcy component data
and the second odd-number sequence synthesized symbol
frequency component data.

The symbol frequency component synthetic filtering
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section 165 obtains timing phase difference data and a symbol
.frequency component quantity by using the first even-number
sequence synthesized symbol frequency component data and
first odd-number sequence synthesized symbol frequency
component data outputted from the phase detecting section
62A, the 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 wigﬁ?reference to
FIG. 42. In FIG. 42, the multipliers 166A ané 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.
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The operations of the symbol frequency-componenf
synthetic filtering section 165 so far will be described in
detail with reference to FIG. 43. In FIG. 43, (A) indicates
an outpﬁt of the phase detecting section 62A on the branch 1
side. (B) indicates the factor W, on the branch 1 side. (C)
indicates an output of the phase detecting section 62B on the
branch 2 side. (D) indicateé.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 frequengéicémponent 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
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frequency component data and the odd-number synthesized
symbol frequency component data are distorted, factors W, and
W, indiéate relativély low values, indicating that the
reliability of the received signal is low.

The output of the phase detecting section 62A on the
branch 1 side indicated in_(Aj of FIG. 43 is distorted at
times O, 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
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generated symbol frequency component is somewhat lower than
that of the symbol frequency component weighted by factors W,
and W,.. 'However, as shown in FIG. 42, the input terminals
165a and 165d and the multipliers 166A through 165D are
required no more, sco that reduction in circuit scale can be
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
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orthogonal data to calculate the symbol frequency component
quantity and output the same from the output terminal 63i.

The timing phase difference and symbol frequency
component quantity outputted from the symbol frequency
component synthetic filtefing section 165 are entered in the
phase control guantity 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
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component qﬁantity regardless of the timing phase control
operation.

In the second embodiment, the integrated in-phase data
and integrated.orthogonal data of each integral filter are
réset to "O" every time timing phase control is performed.
In the fourth embodiment, however, these data are not reset.
Consequently, as compared with the second embodiment, the
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
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characteristic and synchronization characteristic that is
caused by delay time difference can be prevented more
efficiently in the fourth embodimentf Further, this timing
recovery section 5D is applicable to any diversity scheme
(selective synthetic, equivalent gain synthetic or maximum
ratio synthetic) 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
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pattern or preamble pattern. Further, even in a poor line
condition that may cause line disconnection occurs, timing
synchronization can be maintained.' It should be noted that
the components constituting the timing recovery section 5D
can be implemented by simple digital dircuitry. That is, the
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,
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an integral filtering section, é symbol frequency component
quantity calculating section, a phase difference calculating
section, a phase control guantity determining section, a
phase control section, and a-timing'phase control interval
setting section.

In the present embodiment, the diversity receiving
apparatus using n/4 shift QPSK quulating has been described.
It will be apparent that the present embodiment is also
applicable to diversity receiving apparétuses using other PSK
modulating schemes such as QPSK modulating aﬁd BPSK
modulating as well as otherumpdtlating schemes than PSK
modulating. Namely, the p:?gént embodimént is applicable to
any diversity receiving'appétatus 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 regovery-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 sectioﬁ 5E according to the
present embodiment. In the figure, reference numeral 63C
indicates a filtering section. FIG. 45 is a block diagram

illustréting a constitution of the filtering section 63C. 1In
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the figure, reference numeral 540 indicates an integral.
filtering section and 76B indicates a symbol frequency
component quantity calculating section.

FIG. 46, in which components similar to those of FIG. 6
are denoted by the same reference numerals, is a block
diagram illustrating 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 similér 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
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diversity section 61 uses baseband reception phase data
coming from the sampling sections 3A and 3B and received
signal powers of the branches coming from the detecting
sections 2A and 2B to perform signal processing based on
selective synthetic diversity, thereby outputting the
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—after-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 pdint
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,
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and t2; after calculation of the delay time, as with the
first embodiment. |

In what follows, operations of the timing recovery
section 5E will be described. Like the first embodiment, the
synthesized baseband reception phase data coming from the
selective synthetic diversity section 61 are entered in the
phase detecting section 62. The phase detecting section 62
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
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| filters the symbol in-phase component and the symbol
orthogohal component to output integrated in-phase data and
integrated orthogonal data. The symbol frequency component
quantity célculating section 76B calculates a symbol
frequency component quantity by using the integrated in-phase
data 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
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the first embodiment, a relatively small circuit scale can
suppress the calculation error in the 3ymbol frequency
component quantity in the fifth embodiment.

The following describes operations of the integral
filtering section 74C using the timing phase difference data
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 relétion 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'r
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).
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The selector 172 selects the signal outputted from the
comparator 170 as a select signal. Then, the selector
outputs the selected data from the output terminal 169a as
filter operatioh stop data. Therefore, in the fifth
embodiment, the relationship between mod(A6, n/2) and the
filter operation stop data is as shown in FIG. 48.

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
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value for infinite impulse response switching, switching is
made such that the integral filtering section 74C performs an
infinite impulse filtering operafion in which the outputs of
the régisters 96A and 96B are multiplied by a (< 0) every
symbol to be accumulated. However, unlike the first
embodiment, an accumulation may be continued without the
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 ébnstant'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
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compénsated.

In the integral filtering section 74C, the filter
operation stop data x entered from the input terminal 168a is
entered in the wait gate generating section 168. The wait
- gate generating section 168 calculates TW from the filter
operation stop data:x. Then, the wait gate generating
éection 168 generates a gate signal that outpufs 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
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operation stop data "3" to output a signal indicating logic
"1" for 9 [symbols] (refer to (D) of FIG. 49). Then, during
the time when logic "1" is present for 9 [symbols], the
integral filtering section 74C performs an aceuﬁulating
operation. The integral filtering section 74C keeps
performing the infinite impulse filtering 6peration 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
opere?ion stop data "2" to output a signal indicating logic
b B f;r 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 coﬁtrol 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
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calculates timing phase difference data from the integrated
orthogonal data and the integrated in-phase data as with the
first embodiment to output the result from the output
terminal 63h. The random walk filtering section 77 operates
in generally the same manner as with the first embodiment to
output an UP signal from the output terminal 63j and a DOWN
signal from the output terminal 63k.

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
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diversity section 61. The time delay sections 60A ahd 60B
perform an operation for eliminating the delay time
difference based on tl, and t2,.

Thus, in the fifth embodiment, as with the first
embodiment, the difference in delay time between the
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 fime.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
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recovery section 5E can maintain timing synchronization. It
should be ﬁoted that the components constituting the timing
recovery section 5E can be implemented by simple digital
circuitry. That is, the timing recovery section 5E can be
fealized by digital circuitry than can be easily implemented
on LSI.

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 signels to K sets of baseband phase signals
respectively to output fhe convertea signals. The diversity
receiving apparatus comprises K sets of defecting 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.
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In the present embodiment, the diversity receiving
apparatus using r/4 shift QPSK ﬁodulating has been described.
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
modulating as well as other modulating schemes than'PSK
modulating. Namely, the present 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 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
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n/4 in radian into one complex direct-current component
enhances the S/N ratio. Lowpass-filtering the direct-current
component through integral filtering means can obtain a
symbol frequency component quantity and a timing phase
difference. When phase contrdl is performed such that the
timing phase difference 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
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signal processing including linear approxiﬁation processing
based on simple accumulation.

Still additionally, phase difference calculating means
is realized by signal processing including linear
approximation processing based on simple accﬁmulation and by
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
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fype is realized in which integral filtering means of a small
time constant is used only at clock phase pull-in and random
walk filter méans is used which can be constituted by simple
means including an UP/DOWN counter in steady state, thereby_
realizing a small hardware scale. The random walk filter
according to the present invention operates by using the sign
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.resetfiﬁg 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
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means for measuring_a clock base oscillation frequency
deviation with precision by simple signal processing |
including an accumulating 6peration based on phase control
data.

Besides, a timing recovery apparatus is provided in
which further high-speed timing phase pull-in characteristic
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 measuring means for
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measuring with precision the difference between the delay
times of K sets of baseband bhase signals.

Furthef, a diversity communication apparatus is realized
in which K sets of asynchronous sampling means is provided
for time delay difference measuring means and, by measuring
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
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means, one symbol synthesizing means, and one integrél
filtering means, a diveréity.communication apparatus with
reduced hardware scale can be realized.

Furthermore, if K sefs of received signal powers are
multiplied by each of K pieces of even-number sequence
synthesized symbol frequency component data to be added and
.the resultant added value is outputted as even-number
sequence total daté, 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, the timing
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.
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What is claimed is: DM | Mﬂd-.......topaged

1. A timing recovery apparatus comprising.

phase difference meahs for generating, based oh receivedl
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, j
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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jitter data sequences after delaying the odd—number phase
jitter data sequeﬂces such that phases of symbol frequency
components included in said odd-number phase jitter data
sequences are matched to each other, and outputs a
synthesized signal as odd-number sequence synthesized symbol

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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and said integrated in-phase data and outputting a calculated
phase difference as timing phase difference data;
filtering means including symbol frequency component
quantity calculating means fbr calculating the symbol
frequency component quantity accumulated by said integral
filtering means;
timing phase control interval settinglmeans for
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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threshold value, accumulating said symbol orthogonal
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component signal and said symbol in-phase component signal
respectivély so as to generate integrated orthogpnal data and
integrated in-phase data and, if said symbol frequency
“component quantity exceeds said accumulation threshold value,
dividing accumulated values of said 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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outputting an absolute value of said integrated orthogonal
data and an absolute value. of said integrated in-phase data
as orthogonal integrated absolute value data and in-phase
integrated absoclute value data respectively:;

compared data calculatiﬁg means for, if an exclusive-OR
value of a most significant 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 "1", multiplying said in-
phaSe integrated absolute value data by x (x 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 sald 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 génerate

said timing phase difference data.
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6. A timing recovery apparatus according to claim 5
wherein the in-first-quadrant-range phase data calculating
' means comprising:
phase data non-linearly converting means for performing
non-linear conversion on the number of additions at a time
when the number of additions of the total absolute wvalue 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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without quadrant bifs indicates to be below a value
equivalent to n/4 ih radian, outputting said phase data
without quadrant bits as weighting data and, if said phase
data without quadrant bits indicates to be greater than the
value equivalent to n/4 in radian, outputting a value
obtained by subtracting said phase data without quadrant bits
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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than a value equivalent to n/4 in radian, outputting a value
obtained by subtracting said phase data without quadrant bits
from a value equivalent to n/2 in radian as filter operation
stop data,

wherein said filtering .means comprising:

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
component 51gnal 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 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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symbol clock phase by said up signal is generated, outputs
.phase control data for advancing said symbol clock phase,
and, when an instruction for delaying said symbol clock phase
by said down signal is.genereted, outputs phase control data

for delaying said symbol clock phase.

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 thréshold 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

TmsﬁmaHaE

T



AN g

-182-

generating, by use of said 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 control data for adwvancing the symbol clock phase by_
said AFC up signal if an instruction for advancing.the 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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value for recognizing a frequency deviation measurement and
latching the division result outputted from said frequency
deviation measurement dividing means so as to output the
latched division result as corrected data; and

. corrected data averaging means for averaging said
corrected data and outputting the averaging result as

frequency deviation corrected data.

-14. A timing recovéry 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 6ommunication apparatus comprising:

K (K being natural number 2 or higher) sets of detecting
.means for éonverting 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
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phase data sequences Y, and said K sets of received signal
powefs 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
sequence:.and

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 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
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from the filtering means that indicates a maximum value of
the symbol frequency component quaﬁtities outputted from said
K sets of filtering means and outputting the selected timing
phase difference data, up signal, and down signal;

- phase control quantity determining means having 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
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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measurement; and

delay difference data averaging means for accumulating
each of said K sets of valid delay time difference data by S
(S being natural number 1 or higher) times and dividing the
accumulation result by S to output K sets of division values

as said time delay setting 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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sequence; and

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, and generating K sets of time delay =
setting 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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integrated value synthesizing means for adding all of
said K sets of integrated orthogonal data to output the
addition result as synthesized orthogonal data and adding all
of said K sets of integrated in-phase data to output the
addition result as synthesized 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 settihg signél;

.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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receiving apparatus base oscil;ation clock to control said
éymbol clock phase and said X-times oversample clock phase
based on said phase control data when said phase control data
are entered and resetting each piece of integrated orthogonal
data of said K sets of integral filtering means to zero to
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;ﬁ

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
outputting 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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current components;

K sets of asynchronous integral filtering means for
generating asynchronous integrated orthogonal data  and
asynchronous integrated in-phase data from each of said K
sets of asynchronous symbol orthogonal component signals and
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-phase data;

K .sets of asynchronous symbol frequency component
calculating means for calculating each 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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asynchronous time delay measurement, latching said K sets of
asynchronous delay time difference data as a valid value to
output the latched valid value as K sets of asynchronous
valid delay time difference data; and '
asynchronoﬁs.delay difference data averaging means for
accumulating each of said K sets of asynthonous valid delay
time difference aata by S (S being natural number 1 or
higher) times and dividing the accumulation result by S to
output K sets of division walues 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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maltiplying said 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 so as to generate a compiex direct-current component;

symbol synthesizing means for'generating a symbol
orthogenal 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 : _
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phase control means for dividing a receiving apparatus
base oscillation clock to generate a symbol clock and an X-

" times oversample clock and, when said phase control data has
been entered, contfolling a phase of said 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 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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K (K being natural number 2 or higher) 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 signa;;

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):; |

selectivensynthetic diversity means for outputting,-bf
sa;d K sets of received phase data sequences YQ,.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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phase control accumulating means for accumulating phase
control data to output the addition result as phase control
accumulated data;

- frequency deviation eliminating means for subtracting i
from said phase control accumulated data when a frequency
deviation measurement complete signal  indicates completion 6f

- 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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