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. PRECISE DETECTION OF FREQUENCY ERROR FOR BURSTS
MODULATED BY PREDETERKINED SYMBOL SEQUENCE

BACKGROUND OF THE INVENTION:

This Invention relstes to frequency error detection
of detscting, in 4u§dz‘ature demodulation of a zeceived signal
derived by reception of a yransastted signal subjected to digital
angle modulation of a transmission carrier by a symbol sequence
40 have a constagt phase difference during each symbol period,
a frequency error which a locally generated frequency has relative

toa reception frequency of a reception carrier carrying the : ®-

received signal, Such quadra.ture demdtﬂa.ti.on is koown in the
art as described, for example, in Japansse Patent Prepublication

(A) o, 23,742 of 1991,
Portable telephone and like mobile communication systems

are recently in wide use, In a radlio communication astwork Iik_e

the nmoblle communication system, communication between a transmitter
station and mohile statioms is bidirectionally carrisd out by
transmitting from the transmitter station a transmitted signal
on & transmission e#zzier of a predetermined cearrier frequency.

For transmission of the transmitted signal to the mobile jo
stations, the transmlssion carrier is digital angle modulated ;
by a predeternined syhbol sequence of a symbol rate to proviﬁ.a

a preamble in the tranamitted signal., Each moblle station receives
the transmittsd signal as a received signal with the transmission

. osrrier received as a reception carrier for quadrature demodulation.

of the received signal. For use in the quadriture éeibdﬁhti-on) '
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each mebile station comprises & lﬁcal oscillator for generating
a local signal of a local frequency related to the predetermined

carrier frequency, ™
The transmission carrier has a transmission freguency

vwhich m@y be subjected to a slight-shift from the predetermined
carrier freguency. The recejﬂ:&.ép carrier therefore has a reception
frequency which may be a little different from the predetermined
carrier frequency. mrthem'xe. the local frequency is liable

to fluctuations froa the. predeternined ca;rier frequency.

The frequency error must comseguently be detected for
the quadrature demodulation, It is possiblo on detecting the
frequency error to use fhe‘. fact that the transaitted signal .
has a constant phese dj.ffemnce in each symbol period whﬂe_ the
tranamission carrier is nodglated by the ptede.temined. syubol
sequence and that the received signal has the constant pha;se
difference meanwhile. ZIncidentally, the digital angle modulation
nay be GMSK (Caussisn filter minimm shift keying) modulstion,
MSK (minimum (phase) shift keying) modulation, or like modulation,

In the mapner which will later be described in greater
detail, a conventional freguency error detecting method comprises
the step; of: (a) samplidg the received signal by a sampling
signal of a sampling peried into a prodetermined number of sampled
vectors in each burst, (b) calculating phase errors, each phzse
error accompanying a phase difference betve;n two adjacent ones
of the smampled vectors, (c¢) calculating an averags of the phase
erzors as a dividend, and (d) dividing the dividend by a divisor
comprising the sampling period, Tt is possible to understand
the predeternined gunber as 2= without loss of generality and
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error which & locally generated frequency has relative to a reception

. compunent aéconpantn each vector sampled from the raceived signal _ *

-
il
to zefer to0 _f_;hc phase errors a6 seroth M@ (2r-2)-th phase '
erzors. | -
The aversge theoretically depends only bn a total phase BN

error accoapanying a total phase difference between the first

and the Zm~th sampled vectors with no regard to the second through
the (2m-1)-th .mplod vectors, Each sampled vector may.' however,

- be influenced by a noise component. If the first or the 2m-th e

sanpled vector is influenced by aa appreciable noise component,
the freguency error is influsnced by the noise components and
has a detection precision liable to fluctuations resulting from

the noise components accompanying the received signal,

SUMMARY OF IT}E'IWEM'IOK:

It is consequently an sbjuct of the present invemtion
to provide a frequency error detécting method of detecting, in
quadraturs -dempdulation of a received signal deriyed from a transmitted o,
sigu;} digital angle modulated by a symbol sequence to navé a

constant phase difference in each symbol pe'riod.' a2 frequency

freguency of the received signal and which is precise and accurate,
_ It 1s another cbject of this invention to provide a

frequency error detecting method whieh is of the type described
and by which the freguency ervor is detected with a high deteétion

precision even Af the received signal is accompanied by noise,

‘It is still another cbject of this inveation to provide

& frequency error detecting method which is of the type described

and which achisves the high detection precision even if a noiasse .

after the received signal 13 quadrature demodulated,
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Tt 18 & different cbject of this invention to provide

h

a fzequamy error detecting device for carrying out a frequency

error detecting method-of the type desoribed,.
It is a further different object of fhis invention L
%0 provide a quadrature demodulsting device in which carried
out is a freguency error detecting method of the type described.
Other oﬁjects of this invention will become clear as
the dsscription proceeds,
In accordance with an aspect of this invention, there
is provided a frequency errar detecting nethod of detecting,
in qoadrature demodulation of a received aignal derived from
a transpitted signal subjected to digital angle -nodulati;on by R
a symbol seguence to have a constant phase difference in each |
éynbo]'. poricd, a frequency error of & locklly generated frequency R
relative to-as reception frequency of the received signal, which
frequency exror detecting method comprises the steps of: (a)
sanmpling the received signal by a aampling signal at a sanpling
period into sampled vectors 2m in nusber in each burst, whers
n repragents a predetermined integer: () calnulsﬁng geroth
through (20~2)-th phase errors, each phase error accompanying
a phase diffmnce between two adjacent ones of the a&mplad'vectors;',
(c) calculating a dividend by using the zeroth through the (2m=2)-th |
phase er:ozﬁ; and (d) dividing the dividend by a d:l.viﬁor comprising ‘;-
the sampling pericd, wherein the dividend cateulating step comprises
the steps of: (A) caleulating zeroth through (n—l}éﬁ; averages,
each average as regards m consecutive cnes of the zeroth through
the (28-2)-th phase errors starting st a g-th phase error of e
ihe zeroth through the (2m~2)-th phase errors with g varied bkhmm
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gexo and {m ~ 1), both inclusive; and (B) c&hﬁlaging as the

_dividend a mean value of the sercth through the (m~1)-th averages,

In accordsnce with a differest aspect of this invention,
there $s provided a freguency error detecting device which is
for detecting, in quadrature demodulation of a received signal

.deriged from a transmitted signal subjected ¢o digital angle

modizlation by a aymbol sequence {0 have a constant phase difference
in each symbol period, a frequency error of & locally generaté_d
frequency zelative to a reception frequency of the received signal
and which comprises: {a) means for sampling the received signal
by a'smpli.ngy;t a gempling period into saapled vectors 2m in
numbez, in each burst, where m represents a predetermlned nteger;
(v) means for calculating servth through (2m~2)-th phase erxors,
aat'sh phase error accompanying a fhase ‘dAfference between two
adjacent ones of the sampled v;cto:a: (c) means for calculating
a dividend by using the zeroth through the (2m-2)-th phase exrors;
and (d) means for dividing the dividend by & divisor comprising
the sampling pericd, wherein the dividend caiculnting umé comprises:
(A) means for caloulsting seroth through (a-1)-th averages, each
average 2s regards m consecutive ofies of the zercth through the. '
(2u-2)-th phase errors starting at a g-th phase ervor of the
zeroth through the (2n-2)-th phase errors with q varied Yetween
zexo and (m ~ 1), both inclusive; and (B) means for calculating
as the dividend a mean value of the zeroth through the (1;:-1)—1'.!1
averages, | ’

In accordsnce with a further diffexent aspect of this
invention, thers is provided a quad.rf.tuz‘e demodulating device

- which is for denodulatug 8 received signal deriled from a Sranamitted |

\
- i
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signal subjected to digital angle nodulatio_n by a symbol sequence

6

" %o have a constant ph;se difference in each symbol period and

in which a freguency etror of a locally generated Siequéncy relative
to a reception freguency of the received signal is detected by

for sampling the reeeived slgnal by a sampling signal ai a sanpling
ﬁeriod into sampled vectors 2m in number in each burst, where

m repregents a predetermined integer; (b) means for caloulating .
seroth through {2m-2)-th phase errors, eé.ch phase SITOr accompanying e
a phase differance between two adjacent ones of ﬁxe sanpled vectors;

(c) means for caloulating a Qividend by using the zeroth through

the (2n-2)-th phase errors; and (4) déaisifgridividing the éididend

Py a divisor comprising the sampling period, wherein the dividend
calculating means comprises: (A) ‘means for calculating 2ervth

through (m-1)-th averzges, each average as regards m cohsecutive

at a q-th phase srror of the seroth through the (2m-2)-th phasé . "
errors with q varied between zero and (m - 1), both inclusive;
and (B) meaps for calculating as the dividend a mean value of
the zeroth through tﬁe (m-1)-th averages.

' BATEF DESCHTPTION 07 TE IRKINC:::

- Fg. 1 shows .e:anpled vectors sampled from a received
signal used in & quadrature demodulator to which the instant |
invention is applicable;

Fig. 2 shows a flow chart for use in describing a:convénbion-

- al frequency error detesting method:

Fig. 3 is a block diagran of a quadrature demodulator _
device to which this invention is applicable; and _ {
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Flg. 4 shows a flow chart for use in deseribing a frequency

7

TRSCRIPTION OF THE PREFEARED EMBODIMENT: | - e
Roferring to Fig, 1, a frequency error detecting method
will be described in gemeral. The frequency error detecting K
method 18 used in quadrature demodulation of a reteived signal i
dexrived by reception of a tranﬁmittad signal subdected to digital
angle ﬂodsllltich 'of & transmiseion earrier by a symbel .aquan'ce _
of a predetermined symbol rate to have a constaat phase difference
during each synbol period. In the transmitted signal, the symbol
sequence provides, for example, s preamble, For use in the quadrature
demodulation, 2 loval signal i5 generated:with a locally generated
frequency. The l_ocally generated cmquem':x has & frequency error
A1 relative to a reception frequency of a reception carrier . .
carrying the received signal.
In the quadrature demodulation, each burst of the rsce:.ved
signal is smampled by a sampling signal at a sampling period T
into first through K~th sampled vectors, where K represents a v

- predeternined number which is typically equal to 128 and can

be dencted by 2m without less of generality, It should be noted
in the following that k represents an integer variable between
1 and K or 2m. botk inclusive, and that (k - 1) of sero is taken
out of consideratiom, | ' ‘ |

In Fig, 1, k-th and (k-i)-th sampled vectors X{k) and
X(k - 1) are illustrated. The k-th sampled vector has a k-th

Anphase or I component I(k) and 2 k-th quadrature or Q companent . e

. (k). The k-th and the (k-1)-th sampled vectors are depicted

on a phase plane defined by I and Q axes which intersect each .
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other at an arigin O (oh) and are understood as being orthogonal
merely for simplicily of the description,

On the phasa. plane; the k-th unpleﬁ vector has & k-th
phase angle or argument (k). The (k-1)-th sampled vector has
a (k-1)-th phass angle A(k - 1). Although depicted as being
glven by an absolute value, sgch a phage angle is messured with
a plus or a minus sign counterclockvwise from the I axis. The
k-th and the {k-1)-th sampled vectors have a p-th phase difference
o(p), where p is equal to (k - 1) and is variable between 1 and
(K- 1), both inclusive, ’

When the digital angle modulation of the transmission
.carrier is tha CMSK modulation mentioned her_ainabov;e, such a
phase dirforence is always equal to 90° of angle in the transmitted
signal during each symbol period. This pha;sa difference of &
constant phase d.iffera;ice ‘13 kept in the sampled vectors during |
each dburst 1f the locally genemtéd frequency is exactly equal
to the reception frequenéy. The phase difference between the
k-th and the (k-1)-th sampled vectors may, however, be accompanied
by & p-th phase error #(p) which is Aot necessaryly equal t_o-

sero and is exaggeratedly indicated in Fig, 1,

Turning to Fig, 2 with Fig. 1 continuously referred

'I‘h1s Sheet Has Been R:ﬂlaced

to, a conventional _rraquency error detecting method will be described

in order to facilisate an understanding of the present inventien,
This éonvenuona.l' frequency error detecting method is for detecting
the feqmency error described in the forsgoing with the CMSK

modulation used,
The transmitted signal is received as the raceivad

aignal at a ﬁ.rat step S1, Each burst of the received signal
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1s sampled into the first through the X-th seapled vectors X(1)
to x(X) or X(2u) at a sacond step B2, Although herein unpecessary
in practice, it will be presumed merely for convénience of the
descxiption which follows that the 1rst through the K-th phase
angles 4(1) to a(2a) are calculated at a third priliminary step

53(P). At a practical thixd step 53, caloulated are the first

through the (x-l)-th phase errers ﬁ(l) o0 ¢#(2n - 1), each phase
srror ¢(p) accempanying the p-th phase difference between the

k-th and the (k-1)-th sanpled vectors.

Attention will be directed to the practical thixd step

83. It As readily understood in Fig, 1 that the k-th phase angle

is given by: :
| () = arctan(Q(k)/10:)).
The p-th phase difference is 'éive'n by:

coed(p) = (I(k)Q(K - 1) ~ Tk - 1)a(k))

JCx(k - 1)]xGE) ).

In the GMSK modulation where the comstant phase differeace of _
90° is kept in the p-th phase differences during each burst,
the p-th phase error is given by:

#(p) = &(p) - 90°.
Each pha;e error is sufficiently less than ome radian. Equation
{2) therefore becomes: o |

cosii(p) = #(p).
When the CMSK medulation is used, the sampled vectors have a
substantially common magaitude or abuoluﬁ value in the received

signal. Therefore:
#(p) = (1(k)Q(k - 1) - 1{k - 1)Q(k))
J(2(x) + (k).

(1)

(2)
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At 8 fourth etep 5%, an average #(A) of the firet through
the (X-1)-th phage errors is calculated as follows:

- .
#(a) = (3/(k - erlﬁ(pJ-

Dividing at a fifth step 55 the afarage of the phase errors by ;.
a divisor comprising the sampling period, the frequency error
is galelulated byr _ 'y

A2 = #(a)/(2meT). ' |

Attention »ill now be directed to the feurth step Sk.

Calculation of the average is eguivalent to:

#(a) = (1/(x - D)(a(x) - a(2)) - g0°. 3
The k-th sampled vector may be ac.companied. by a k-th noise component
a{(k) accompanying the k-th phase angle. In this eﬁnt, the
average becomee: ’

#(A) = (2/(x - D(a(x) - a(1)) - 90

¢ (1/(x - Pa*(x) - a'(1)), ..

%here the third term on the right-hand side represents an additional
phase error resulting from the first through the K-‘-th noise components,
Ia Fig. 1, the angle of 90° from the (k-1)-th sampled vector | ’
is duyiod‘.sd by a thin straight line ending at the ori;iﬁ 0 of | v
the phase plans, It is now understood that fhe frequency error
is influenced by the pblse components accompanying the first

_ throu;b the K-th aanpled vactors,

Referring to Fig. 3 with Fig, 1 continuously referred
%o, s quad.l_.’a.‘bm denod.ulatpr device is for quadrature Qemodnlating
the received signal indicated at R, Inphase and gquadrature components
of the 1looal gignal are collectively indicated at L and will

be called the local signal, The sampling sigoal 1s indicated -

! i
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at 8. _
By using the inphase and the quadrature components

of the Tocal signal, a"quadrature demodulator (DEMOR) 11 demodulates
the recelved aignal inte inphase and quadrature signal components
I and Q (the same referemnce symbols as the I and the Q axes being

used), Supplied with the sampling signal of the sampling peried °
"which is equal to the symbal rate described before, inphase and

quadrature A/D converters 13 and 15 coavert the inphase and the
quadrature signal components into digital samples whiéh are tho
inphase and the quadrature components I(k) and Q(k) described
in the foreguing, |

Supplied:with themphaso and the quadzatire components
and the sampling signal, & digital signal processor 17 produces
a processor output signal indicative of the frequency' error Af
from time to time, V¥hen the conventional frequency error detecting
method is used, the processor 17 carries out the gteps .illustrated

with reference to Fig. 2. It is poseible to use the guadrature

_ demodulator device ia dealing with the received signal as follows

in accordance with this inveation, In eithgx: event, it is readily
possi‘b].e to implement the processor 1? by a sicroprocessor,
It 1s additionally possible to use the microprosessor in dealing
¥ith the received signal for reception, such as collation of
an identification number indicative of a mobile station comprising
the quadrature demodulator device being illustrated,

Referring afresh to Fig. 4 and again to Fig, 1, the

description will procead to a frequency error detecting method
accmxung' to z preferred embodiment of this invention. Speps

similar to those desexridbed i_n connection with the conventional
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frequency error detecting method will be designated by 1lke reference
mbols. The numbar of sampled vectors in each burst will now ;

be dehoted solely 5y 2m. That is, k is variable between 1 and
2n, both inclusive. Here, (2m - 1) is always taken into account

because (2m - 1) represents an odd.integer.

Like in the conventional frequency error deteeting
method, the transmitted signal is received as the received signal
at a first step £1. Bach buret of the received signal ia sampled
into the first through the 2m-th sampled veotors X(l) to Xx(2m)
at 2 second step 52. The first through the 2u-th phase angles N
4(1) to 8(2m) are calculsted by using Equation (1) in a subsequent .

‘atep hich 1s called the third preliminary step in Pig. 2 and

#1ll now be referred to simply as a third step B3, NE
At a fourth gueternary step si(1), a q-th average #(q) J 2

of m consecutive phase errora is calculated with the (p~1)-th

phase error used as & q-th phase error, starting st the g-th

phase error, where q 1s variable between gero and {m - 1), both

inciusive. This q-th average will'herein be t'!asigna.ted simply

by #(q). In this sanner, the first through the 2m-th phase angles

are used_in calculating such averages #(0) through #(m - 1) in

the example being illustrated. At a secend quaternary step S4(2),

an arithmetic mean value #{MV) of ths zeroth through the (m-1)-th

‘averages is calculated for use as a dividend in place of the

average p(a) described in conjunction with Fig, 2, The first
a-n.d the second quaternary steps will collectively be referrved B

using the zeroth through the (2m-2)-th phase errors. Subseguently,
the dividend is divided at a £ifth step S5 by the divisor comprising
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the sampling period to get the mqu;my exror 41,

In this fourth step, it will again be assumed that
the.q-th phase errar is accoui:anied by & q-th noi;e component
a'(g). 7The q~th average is calcilated by:

#(a) = (1/a)(8(q + = + 1) - a(a » 1)) - 0
+ (3/m)}{a'{q + n + 1) --‘a'(q + 1))

Tt should be noted 4hat the arithmetic mean value 1s o~
saleulated with the sercth through the (2n-2)-th phase scrors |
used in calculating the a ayarages . in total with the g-th through
the {q+n)-th phase errors shifted one by one £rom q of zero up
to g of (n - 1), It is therefore qualitatively clear that the "o
arithestic mean value is less influenced by the noise components
accompanying the first through the 2n-th sampled vectors thaa
the average used in thé aonventional frequency et.z'or detecting
agethod,

Influense of such noise components will now quantitatively
be considered, Accompanylng the g-th average, a g-th additicnal
yhese error for the m consegutive phase errors will be denoted
by E(q). Such an additionsl phass error is given by .

- B{q) = (1/2%)(a'(a + n + 1) - 8'(g + 1)),

. When the first through the 2n-th soise components have a d.ivergenee 1

0", the g-th additlonal phase error is givem by: . -

*a) = 29/a72, | ()
In the copventional frequency error datecting aethed, the thizxd
term on the right-hand side of Equation (3) is apprm:imtely'
squi tos |

o/(za - 1). ' _ (5)
Comparing Equation (4) with Formmla (5). 1% i appretisted that
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the additional phm srror is smaller in the example of this
iavention than in the conventional frequency error detecting
method 1if f,ho predetermined number 2m is equal to or greater |
than 36. The frequeacy error 1s accordingly less in the example | \;._
being 11lustrated tham that desernsaéd by the comvestionsl frequency |
arror detecting aethod. | | |

Iﬂ'.g.a, 2 and & will be reviewsd, In the third preliminary .
step 83(P) of Fig, 2, the firet through the 2n-th phese sngles o
8(1) to 4(2n) are calculated. This step is aot uaed in practice
in Pig. 2 with the prectical third step S3 used instead and 1is
mentioned in connectlon with F‘.Ls.l 4 afresh as the third sfep
S3. It is comseguently possible to understand in Figs. 2 and °
i that the first through the (2a-1)-th phase errors or the zeroth .
through the (28-2)-th phase errafs are calculated in the third
step S3, |

¥hile this invention has thus far been deecribed in ' ..
specific conjunction with a sole preferred embodiment thereof,
1% will nov be readily posaible for one skilled ia the art to - vy
put this igvention An various other mannevs into practice, For {
example, it is poasible ;to calculate the dividend in the second | '
quatams;y step S4(2) vy ealeulating siailar mean value or median
of the zeroth through the (m~1)-th averages, me.cdnsunt phase |
difference is kept in each burst when the .digltal angle modulation
18 the MSK modulation or any other like modulation,
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l. A f:oquency error detecting met.hozl of detecting,
in quadrature denod\thtion of a received sigpal derived from
a transmitted signal subjected to digital angle modulstion by °
a syrbol sequence to have a constant phase difference in each

. symbol period, a frequency error of of a locally generated frequency

relative to a reeeption freguency of maid received signal, sajd
frequency erzor detecting method comprising the steps of sampling
said recelved signal by a sampling signal at & sampling period
into sampled vectors 2m in gusber, where a represents a predetermined
integer, calculating seroth through (2a-2)-th phase errors, each
phase error accompanylng a phase difference between ¢{wo adjacent o
ones of sa.id sampled vectors, csidula.ting & dividend by using
said geroth through said (2z-2)-th phase errors, and dividing R
said dividend by a divisor =ompmings§aid sampling pe_riod.. vwherein . l'
sald dividend calculating atep comprises the steps of: |

ecalculating seroth through (m-1)-th averages, emch
average as regurds m consecutive ones of said zeroth through
said (2n-2)-th phase errors starting at a g-th phase error of

- said zeroth through said (2m-2)-th phase errors with q varied

between zerp and (n - 1), both imluaiw- and
ca.lcu]ating as sald d.wi.dend a mean value of sald zeroth
through said (m-1)-th averages, -
2, A freguency error detecting method as claimed in
Claim 1, vherein eaid predetermined integer 1s not less than
fyfteen. o | gy
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3. A frequency errer detecting method as claimed in L )
glaim 1, whorein sid digital angle modulation is Gaussian filter
minigus shift keyidg sodulation, '

L, A frequency error detecting method as clained in
Glai.h 9, wherein said predetermined integer is not less than |
f1fteen, |

5. A frequency error detecting method as clsimed in
Claim 1, wherein said digital angle noduhﬁ.ﬁ 1s_ninimm phaso
shift keylng. |

6. A frequency error detecting method as claimed in
Clain 5, wherein said jiedébérmiped integer’.is fot less than

9. A frequency srror detecting device for detecting,
in quadrature demodulation of a received signal derived from
a tranamitted signal subjected to digital angle modulation by

a eymbol sequence &b hawe a constast phase difference in each

sy;l'bul period, a frequency error of & Jocally generated frequency
relative to a2 reception frequency of said received signal. said
frequency exror detecting d.evj.;:e comprising means for sampling
said received signal by & sampling signal at a sampling perioa
into sampled vectors 2m in munber in each burst, where n represents
a predetermined integer, means for ealcilaging zeroth through
(2m-2)-th phase errors, each phase error accompanying a' phase

‘difference between two adjacent ones of sairl sampled vectors,

means for caleuliting a chvidend 'by using aaid seroth through |
sald (2m-2)~th phase errors, and means for dividing said dividend
by a divisor compming sald’ supls.ng period, wherein said dividend
calculating means comprises:
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(Claim 7 continued)
gesns for caleulating geroth through (2m-2)-th averages,
eath average as regerrls n consecubive ones of ssid seroth through

said (2m-2)-th phase errors starting at a g~th phase error of

said seroth through said (2n-2)-th phase errors with q varied
between zero and (= ~ 1), both tnclusive; and

metns for calculating as said dividend a mean value v
of said geroth throigh said (n-1)-th averages,

8. A frequency error detecting device as claimed in. ' . K
Glais 7, ¥herein said pradethraindd infegat.ts fet less than P
fifteen,

9. A frequency error detecting device as elaimed in
Clain 7, whezeln said digital angle nodulation is Geussian filter
sinimn shift keying modulation, - |

10, A freqneﬁcy errox det_ecung device ag claimed
in Claim 9, wherein said predetermined integer is aot less than
fifteen, ' | '

Il. A frequency error detscting device as claimed ..

'in Claim 7, wherein said digital angle modulation is minimum

phsse shift keying modulation,

12, A frequency error lstecting device as claimed
in Claim 11, vherein said predetermined integer is aot less than . ‘e
Tifteen, |

13. A quadrature demodulating device for demodulating
a received signal derived from & transmitted ;lighal subjected

to digital angle modulation by a symbol sequence to have a constant
phase difference in each ggabol period with a frequency error
of 'a_. dooally generated frequency relative to a reception frequency
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of said received signal detected by a freq_uency exror detecting

ma.ngeuent c.ompnsmg means i'or sampling said recei.ved signal
by a mplmg signal at a sanpling perlod into sampled vectors
2m in pusber in each burst, where am repreunﬁ a predetermined
integer, means for calculating zeroth through (Zn-é)-th phase

eryaors, each j:hase error accompanying a phase diflerence detween L

two adjacent ones of said savplad.vectigrs, means for caloulat:'.ng

‘8 dividend by using said zeroth through said (2s-2)-th phase

errors, and means for dividing said dividend by a divisor comprising
8ald sampling period, whereln said dividend calculating meaas
comprises: : ‘
means for calculating zeroth through (m-1)-th averages, .
each average as regerds m consecutive ones of said zeroth through
said (2m-2)-th phase errors starting at a ¢-th phase error of | N4
sald gercth through said (2m~2)-th phase errors with q varied
between serc and (m - 1), both inclusive; and IR
- means. for calculating as said dividend a mean value |
of said zeroth through aa:ld (m-1)-th averages,
. _ b A qmdnﬁnzedepodulating device as claimed in
Claim 1), wherein said predeternined integer is net lese than
f1fteen, -
15. A quadrature demodulating device as elained in
Clain 13, wherein said digital angle modulation is Caussian filter
ainimn sheft keying modulation. | _
16. A quadrature demodvlating device as claimed in _ ~
Claim 15, wherein said predetermined integer is not less than
fifteen, '
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17. A quadrature demodulating device as claimed in Claim 13,

wherein said digital augle modylation is minimum phase shift keying modulation.

_ 18. Aquadramdemodulatmgdavmeasclmmedmcmml?
whetemsaldpredemrmmadmgerismtlessthanﬁﬁeen )
19. Ameﬂxodofdctecnngfrequencyenot,saidmethodbeing

substantially as herein described with reference to Figs 3 and 4 of the accompanying

drawings. | _

20. A device for dirccting frequency error, said device being
substantially as herein described with reference to Figs 3 and 4 of the accompanying
drawings. ' | |

21 Aquadrature demodulating device, said device being
substantially as berein desceibed with refercnce to Figs 3 and 4 of the accompanying
drawings.
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cvaw v oo wmsun'r. unnng each

- burst, Zeroth to (a-1)-th averages are oaloulated (841)), each o

average #(q) as regards = consecutive ones of the phase errors
stu‘tugataqthphase error of the phase errors vith q varied
betuoen gero and (n - 1), both inolusive, The frequnncy error

is calculated by dividing a mean value (26(2)) of thesé x averages
by a divisor cmpnsins the sampling period,

(Mg, 4)



