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DATA DEMODULATOR 

BACKGROUND OF THE INVENTION 

·Field of the Invention 

The present invention relates to a data demodulator 

for reproducing digital data from receive signals which 

5 have undergone differential phase-shift-keying (DPSK), and 

more particularly to.a data demodulator wholly consisting 

of digital circuits, well suitable for digital cellular 

~elecommunication systems of an M-channel (M is a positive 

integer) multiplex time division multi-access (TDMA) formula. 

10 Description of Related Art 

In a digital cellular telecommunication system subject 

to fading, it is recommended to use ~/four-shift quadrature 

phase-shift-keyed (r./ 4QPSK) signals in transmission and 

reception between the radio base station and any mobile 

15 unit (for instance according to "RCR Standards on Digital 

Cellular Telecommunication Systems", RCR STD-27A, Jan. 1992, 

Research & Development Center for Radio Systems). A data 

demodulator for DPSK signals should correct frequency . 
drifts (or frequency offsets) of receive signals while 

20 achieving appropriate SY.Jllbol synchronization, and thereby 
~ ; 

improve the error rate ~f £he~.demodulated d.ata. ..~urther-
more, a data demodulator for use in a TDMA system should 

quickly acl:>-ieve symbol synchronization of burst signals, 
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correct their ~requency drifts and, where continuous 

reception takes place, accomplish said symbol synchroni­

zation and frequency drift correction taking account of 

resistance to noise and other pertinent factors. 

One of the data demodulators embodying an attempt 

to address these problems is proposed in the 41st IEEE 

Vehicular Technology~Conference, pp. 652-656, May 1991 

and"the Technical Report of the Institute of Electronics, 

Information and Communication Engineers, Japan, RCS89-64, 

19 March 1990. This data demodulator using adaptive carrier • 

tracking {ACT), developed for use in mobile units which 

h~ve to be compact and consume little power, detects the 

phase of "° /4 QPSK signals by comparing the phase of the 

~/4QPSK signals in an intermediate frequency band with 

15 that of a reference signal, and supplies the detected 

phase directly in a digital value. The data demodulator 

demodulates this digitized detected phase with digital 

circuits permitting large scale integration (LSI), and 

20 

provides four-value code decision data. 

The·- aforementioned ACT type data demodulator controls 

the frequency and phase of said reference signal 

independently ·-of each other with_ an ACT circuit, an 

automatic frequency control (~FC) circuit and a phase/ 

frequency control circuit to correct the carrier phase 

25 rotation of the ~/4QPSK signals on a symbol-by-symbol 

basis. This data demodulator, because it controls the 



frequency drifts of the -r. /4 QPSK signals relative to 

the reference signal and the reference phase for phase 

detection independently of each other, is quick in 

responding to burst signals such as TOMA signals, but 

5 has no function to optimize symbol synchronism. This 

data demodulator, moreover, requires more or less complex 

circuits for controlling the phase and frequency, such as 

said ACT circuit, AFC circuit and phase/frequency control 

circuit. 

10 SUMMARY OF THE INVENTION 

Objects of the Invention 

A first object of the present invention is to provide 

a fully digitized data demodulator for differential phase-

shift-keyed (DPSK) signals, readily permitting large scale 

15 integration (LSI) and dispensing with adjustment. 

A second object of the invention is to provide a data 

demodulator suitable for the reception of TDMA signals. 

A third object of the invention is to provide a data 

demodulator having means for optimal adjustment of the 

20 symbol synchronism phase of demodulated data. 

A fourth object of the invention is to provide a data 

demodulator having means to correct the frequency drifts 

of receive signals. 

A fifth object of the invention is to provide a data 

25 demodulator permitting the realization of said symbol 
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synchronizing means and frequency drift correction means 

in simple configurations. 

A sixth object of the invention is to provide a data 

demodulator capable of flexibly varying the quantity of 

5 the .set~ing of said symbol synchronism phase and that of 

said frequency drift correction according to the state of 

receive signals. 

Summary of the Invention 

A data demodulator according to the present invention 

10 subjects DPSK-modulated TOMA signals to delayed detection 

by phase detection means, delay means and phase difference 

detection means connected in cascade to generate phase 

difference signals synchronized with N-phase clock signals. 

• These phase difference signals are reproduced into decision 

15 data by decision means. 

In one preferred embodiment of the invention, this 

data demodulator obtains symbol-synchronized demodulated 

data by sampling said decision data with the optimal one 

among N sampling phases. This data demodulator is 

20 characteristic in the method of selecting said optimal 

sampling phase. First sampling phase calculating means 

adds for a prescribed period a decision error signal based 

on the difference between said phase difference signal and 

decision data every time said N-phase clock signal is 

25 entered, and selects as said sampling phase the phase of 

the clock signal corresponding to the signal indicating 

--- ··-· -··- ··--·--· ·--·-· 
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the smallest value among the added N decision error signals. 

Second sampling phase calculating means weights the adding 

method of said decision error signals according to the 

reception state of the TOMA signals. One of the ways it 

5 is weighted is to subject the sampling phase obtained from 

a preceding TOMA burst and a newly obtained sampling phase 

to weighted averaging to give a normal sampling phase. 

In another preferred embodiment of the invention, this 

data demodulator is provided, between said phase difference 

10 detection means and said decision means, with subtraction· 

means ~or subtracting a correcting value from said phase 

difference signal to eliminate the o.c. offset of said 

phase difference signal due to the frequency drift of the 

receive signal. This data demodulator is characteristic 

15 in the method of calculating said correcting value. First 

correcting value calculating means calculates the average 

of decision error signals based on the differences between 

said phase difference signals and decision data during a 

certain period, and provides this average as said correcting 

20 value. Second correcting value calculating means weights 

the method of calculating said correcting value according 

to the reception state of the TDMA signals. One of the 

ways it is weighted is to take into account a correcting 

value obtained from a preceding TOMA burst in the 

25 calculation of said correcting value. 

-------

iili1tr 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The above-mentioned and other objects, features and 

advantages of the present invention will become more 

apparent from the following detailed description when 

5 taken in conjunction with the accompanying drawings, 

wherein: 

FIG. 1 is a block diagram of a preferred embodiment 

of the invention; 

FIG. 2 is a chart showing the values of the phase 

10 difference signal p3, the decision data dl and the square· 

15 

ea of ~he decision error in the embodiment illustrated 

in FIG. l; . 

FIG. 3 is a timing chart of signals in the embodiment 

shown in FIG. l; 

FIG. 4 is a detailed block diagram of the signal 

processor 107A in the embodiment shown in FIG. l; 

FIG. 5 is a flow chart showing one of the operations 

of the signal processor 107A illustrated in FIG. 4; 

FIG. 6 is a detailed block diagram of the signal 
. 

20 sampling circuit 111 in the embodiment shown in FIG. l; 

FIG. 7 is a block diagram of another preferred 

embodiment of .the invention; 

FIG. 8 is a chart showing the values of the phase 

difference signal p4, the decision data dl and the decision 

25 error eb in the embodiment illustrated in FIG. 7; 

FIG. 9 is a timing chart of signals in the embodiment 

shown in FIG. 7; and 
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FIG. 10 is a flow chart showing one of the operations 

of the signal processor 107B illustrated in FIG. 7. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring to FIGS. 1, 2 and 3 together, this data 

5 demodulator constitutes part of the base station apparatus 

of a digital cellular telecomriiunication system of a TOMA 

formula. This base station apparatus includes a transmitter 

unit (not shown) for transmitting M-channel TOMA signals, 

a receiver unit (not shown) for receiving ;,;/4 QPSK signals-

10 of·the 800 MHz band transmitted over a designated channel 

among the M TOMA signal channels, and a control unit (not 

shown) for controlling said transmitter unit and receiver 

unit. The high frequency section of said receiver unit 

converts the received ;: /4 QPSK signals into receive 

15 signals E of an intermediate frequency (455 kHz, for 

instance) band. The data demodulator receives this 

~/4QPSK-modulated receive signals r at an input terminal 

100. 

The data demodulator, wholly consisting of digital 

20 circuits, includes phase detector 101, delay circuit 102, 

phase difference detector 103, decision circuit 104, and 

reference signal generator or oscillator 105 for generating 

a reference si~nal fr of a frequency substantially equal 

to K (K is a positive integer) times the center frequency 

25 of the receive signal Ei all known means to persons skilled 

-·------ -------
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in the art. The phase detector 101 shapes the waveform 

of the receive signal E from the input terminal 100 to a 

logic level, and detects the phase of the receive signal r 

by comparing the zero cross point of this wave-shaped 

5 receive signal E and that of a signal resulting from the 

frequency division of the reference signal fr by K. The 

phase detector 101 further samples this detected phase N 

times per symbol (period Ts) of the receive signal E with 

N-phase (N is a positive integer). clock signals elk, i.e. 

10 cl, •.• , cN, from a timing signal generator 106A, and 

gives this sampled detected phase as the phase signal pl 

of the receive signal E• Thus, the phase detector 101 

outputs N-phase signals ·pl per symbol in numerical· data 

in a parallel form in response to the receive signal Ei 

15 the reference signal fr and the clock signals elk. The 

accuracy of the phase detection of the receive signal E 

by the phase detector is 2;.; /K radians. 

The phase signal pl is supplied to the delay circuit 

102, which generates a delayed phase signal p2 by delaying 

20 the phase signal pl by one symbol. The phase difference 

detect~r 103 generates a phase difference signal p3 by 

subtracting the delayed phase signal p2 from the phase 

signal pl (p3 =pl - p2). The phase difference signal p3 

is the difference between the phase signal pl earlier by 

25 one symbol (the delayed phase signal p2) and a newly 

received phase signal pl, i.e. a signal resulting from 
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delayed detection of a ~/4QPSK-modulated receive signal r. 

The decision circuit 104 compares the phase difference 

signal p3 with a predetermined value, and generates 

decision data dl of a two-column four-value signal (see 

5 FIG. 2). Thus, the decision circuit 104 determines which 

of four ranges including (-;:to - r./2) , (-~/2 to 0), 

(O to _7./2) and ( ;r/2 to;;;) the phase difference signal p3 

belongs to, and generates decision data dl corresponding 

to the defined range, i.e. (1, 1), (1, O), (0, b) or (0, 1). 

10 Here, N pairs of decision data dl are generated per symbo~ 

bf the.receive signal E· 

The constituent elements which characterize this 

preferred embodiment will be described below. Here, 

timing signal generator 106 receives a frame signal ! 
15 from the control unit of said base station apparatus every 

time the receive TOMA channel (frame) is switched (times 

t2 and t6), and generates a channel number indicating 

signal ch synchronized with the frame signal !r a clock 

signal elk, a clear signal clr and a sampling signal load 

20 (see FIG. 3). Thus, the timing signal generator 106 

generates the clock signal elk beginning at the switching 

times t2 and t6 of the TOMA channel, the channel number 

indicating signal ch upon rec_eption_ of the frame signal !' 

the sampling signal load at the final ones of the reception 

25 timing for a specific TOMA channel (times tl and t5), and 

the clear signal clr immediately after the generation of 

the sampling signal (times t2 and t6). 

-----
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First will be described the operation of the preferred 

embodiment illustrated in FIG. 1 when the receive signals E 

are consecutive. In this case, the timing signal generator 

106 does not generate the channel number indicating signal 

5 ch, but generates the sampling signal load and the clear 

signal clr in prescribed periods, here in the same frame 

periods Tf as when the receive signals r are M-channel 

TDMA signals. 

Decision error squaring circuit 112 generates the 

10 square ea of the decision error in response to the N-phase 

~hase difference signal p3 and the decision data dl (see 
~ ~ 

FIG. 2). Thus, the squares of the differences between 

decision phases -3ir:/4., -1:/4, 7r/4 and J;r;/4 radians 

respectively corresponding to the decision data dl (1, 1), 

15 (1, O), (0, 0) and (0, 1) and the phase represented by 

the phase signal p3 are obtained at the output of the 

circuit 112 in the relationship of correspondence shown 

in FIG. 2. When the receive signal E is a r./2-shifted 

BPSK signal, the decision circuit 104 decides which of 

20 the two ranges (- r.toO) and (O to:.-) the phase difference 

signal p3 belongs to, and generates a decision datum dl 

corresponding .to that range, i.e. (1) or (0). Therefore, 

the decision phase corresponding to the decision data dl 

of the r. /2-shifted BPSK signal are - ir: /2 and ;-: /2 radians. 

25 Each of N square error adders 113-1, ... , 113-N adds 

the square ~ of the decision error every time a clock 
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signal cl, •.• ,or cN of the corresponding phase is entered 

to generate decision error sums eal, •.• , eaN, and clears 

the decision error sums eal, ••• , eaN upon inputting of the 

clear signal clr. The decision error sums eal, ••• , eaN 

5 are stored into square error registers 115-1, ••• , 115-N, 

which sample the decision error sums eal, .•• ,~at the 

timing of the sampling signal load (time tl}, and supply 

the sampled decision error sums esl, ••• ,~to signal 

processing means 107A. The data .generated by the square 

10 error adders 113-1, ••• , 113-N are acceptable if they are·· 

based on the decision errors (pl - dl) in the different . ~ ~ 

phases of the clock signals elk. Therefore, the decision 

error squaring means 112 may be replaced with decision 

error detection means generating the absolute values of 

15 the decision errors (pl - dl). 

The signal processing means 107A responds to the 

decision error sums esl, •.• , esN which have been read 

out and ~o reception information inf from said control 

unit, and calculates a sampling phase signal sl by a 

20 sampling phase calculating technique to be described 

below. This sampling phase signal sl, which is instructing 

information to have signal sampling means 111 sample the 

decision data dl in a select~d phase of the clock signal 

elk, indicates the phase number of the clock signal elk. 

25 The signal processor 107A writes the sampling phase signal 

sl into a sampling phase register 114-1. The signal 
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sampling circuit 111 samples the decision data dl at a 

timing (in a phase) instructed by a clock signal elk and 

the sampling phase signal sl from the phase register 114-1, 

and generates at an output terminal 200 demodulated data d2 

5 at a symbol rate resulting from the optimizing adjustment 

of the symbol synchronism phase. Incidentally, since "2" 

is written in the phase register 114-1 on the TDMA channel 

"l" in FIG. 3, the symbol synchronism timing of the 

demodulated data d2 is the second phase of the clock 

10 signal elk (times t3 and t4). 

15 

With further reference to FIGS. 1 through 3, the 

operation of the preferred embodiment which takes place 

when the receive signal r is an M-channel TDMA signal will 

be described below. 

The data demodulator for demodulating M-channel TOMA 

signals is provided with M sampling phase registers 114-1, 

.•. , 114-M corresponding to the number of channels, M. 

The signal processor 107A calculates a sampling phase 

number sj (j is an integer neither smaller than 1 nor 

20 greater than M) in response to the decision error sums 

esl, ... , esN read out at every timing of reception end 

and to the receive information inf, and writes this sampling 

phase signal sj into the sampling phase register 114-j for 

the jth channel. Thus, the sampling phase registers 114-1, 

25 ••• , 114-M write sampling phase signals sl, .•• , sM of the 

respectively corresponding TOMA channels. The signal 

--------
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sampling circuit 111 samples the decision data dl at the 

sampling timing indicated by the sampling phase channel sj 

corresponding to the channel number indicating signal ch 

and by a clock signal ·elk.· The TDMA channel "l" in FIG. 3 

5 indicat~s the symbol synchronism timings of the demodulateq 

data d2 when 11 2" is written in the phase register 114-1 

(times t3 and t4), and the TDMA channel "2" shows the 

symbol synchronism timing of the demodulated data d2 when 

"N" is written in the phase register 114-N (time t7). 

10 Referring now to FIG. 4, the input/output (I/O) port · 

202 of.the signal processor 107A reads out the decision 

error sums esl, ••• , esN.from the square error registers 

115-1, ••• , 115-N, respectively, upon completion on every 

TOMA channel. These decision error sums esl, ••• , esN 

15 are separately stored in N x M decision error storing 

memories 205. A microprocessor (CPU) 201 computes· the 

optimal sampling phase signal ~ for each TDMA channel in 

response to one or another of these decision error sums 

esl, ••. , esN, and writes this sampling phase signal~ 

20 into the sampling phase register 114-j for the corresponding 

TOMA channel via the I/O port 202. The CPU 201 operates 

in accordance with a program stored in a program ROM 203. 

One of the techniques to compute the optimal sampling 

phase signal sj for the decision data dl is suitable for 

25 use when it is desired to subject a receive signal ~ in 

a burst state (burst signal) to symbol synchronization 

--
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upon start of reception. When the square error registers 

115-1, ••. , 115-N sample the decision error sums esl, .•. , 

esN, respectively, the signal processor 107A reads out 

these decision error sums esl, ..• , esN to find out the 

5 smallest decision error sum esi. The timing of the clock 

signal elk for the square error register llS-8 to give 

this~smallest sum esi, i.e. the phase of the !th phase 

clock signal ci, is selected as the optimal sampling phase 

for the decision data ·d1. This ~ethod to compute the 

10 optimal sampling phase signal si is applicable irrespective 

of whe~her the number of TDMA channel(s) is one or more. 

Another technique to compute the optimal sampling 

phase si is suitable for use when the receive signal E is 

a TDMA signal. This is based on the fact that the drift 

15 of the optimal sampling phase signal si is extremely small 

between burst signals in which TDMA signals of the same 

channel adjoin one another. The signal processor 107A 

finds out a new sampling phase signal si by subjecting 

the past sampling phase values si and a newly computed 

20 sampling phase signal.si to weighted averaging instead 

of computing an entirely new optimal sampling phase signal 

si for each sample of the decision error sums esi, ... , 

esN. Thus, the signal processor 107A computes a weighted 

average decision error wesi for each of the first to the 

25 Nth phases by Equation (1), and selects as the new sampling 

phase signal si the phase of the clock signal ci of the 
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square error register 115-i which gives the smallest value 

of this weighted average decision error wesi. 

wesi = {<decision error sum esi) • w + (value stored in 

decision error storing memory 205) • (1 - w)} (1) 

5 where 0 ~ the weighting coefficient ~ ;:;; 1. 

By this sampling phase computing method, the greater 

the weighting coefficient ~, the sooner the symbol 

synchronization. Therefore, the value of the weighting 

coefficient w is set greater immediately after the start 

10 of reception of receive signals E on a given channel and, • 

after ~ompletion of the synchronization, it is reduced to 

a smaller value to restrain fluctuations due to noise 

superimposed on the receive signals E· When no receive 

signal E is received, the square error memories 205 are 

15 cleared and, when the reception of receive $ignals E is 

to begin, the sampling phase signal si is determined 

solely on the basis of the value of the square error 

register 115-i. As a result, the symbol synchronization 

of burst signals r with short preambles is accelerated 

20 in this data demodulator. The CPU 201 varies the weighting 

coefficient ~ in response to the receive information inf 

notifying the state of the reception of said receive 

signals r from said control unit and to the software 

program of the program ROM 203. Incidentally, since it 

·25 is undesirable to let the square error memories 205 to be 

cleared by any instantaneous interruption of the receive 

·------- ·---
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signal Ei the signal processor 107A requires protecting 

means to prevent the square error memories 205 from being 

cleared and the sampling phase signal si from varying 

abruptly in time of instantaneous interruption of the 

5 receive. signal E· 

Knowri means can be utilized for the collection of 

aforementioned receive information inf. Thus, said 

receiver apparatus detects the receive field intensity of 

the r. /4 QPSK signals received and, if this receive field 

10 intensity is above a prescribed level, will supply the 

receive information inf to the signal processor 107 via 

said control unit. If the receive signals E include any 

sync signal, sync signal detecting means known to those 

skilled in the art will transmit the receive information 

15 inf upon detection of said sync signal. Or, if the receive 

signals E are in the form of error detection codes, the 

error detecting means of said receiver unit will transmit 

the receive information inf upon detection of said error 

detection codes. Or, said control unit will transmit 

20 the receive information inf upon detection of a signal 

expected in advance. As described above, since various 

means are available for judging whether or not signals are 

being received, said radio apparatus can use a suitable 

one of them for this data demodulator to supply the receive 

25 information inf to the signal processor 107A. 

Referring to FIG. 5, this flow chart shows the second 
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technique for computing the sampling phase. The CPU 201 

=eads out decision errors esl, ••• , esN from the square 

error registers 115-1, ••• , 115-N, respectively, at the 

time of reception end on a certain TDMA channel (tl if its 

5 is the Mth channel) (step 11). The CPU 201 further reads 

out the contents of the decision error storing memories 205 

corresponding to these decision errors esl, .~., esN (M-1, 

••• , M-N if it is the Mth channel), computes the weighted 

average decision errors wesl, ••• , wesN by Equation (1), 

10 and stores these weighted average decision errors wesl, 

: •• ,~into the decision error storing memories 205 

(M-1, ••• , m-N) (step 12). The CPU 201 then computes the 

sampling phase signal ·si (sM if it is the Mth channel) 

corresponding to the smallest value of the weighted average 

15 decision errors wesl, ••• ,~(step 13). Finally, the 

CPU 201 stores the computed sampling phase signal si into 

20 

the sampling phase register 114-j (114-M if it is the Mth 

channel) (step 14). This flow of sampling phase computation 

is repeated for each channel of the TDMA signals. 

Referring now· to FIG. 6, a signal selector 253 of this 

signal sampling circuit 111 selects one of the M sampling 

phase signals sl, ••. , sM as designated by the channel 

number indicating signal ·ch. Since the first through Mth 

channels are used in repeated cycles for the TDMA signals, 

25 the signal selector 253, every time the channel number 

indicating signal ch is entered, selects the sampling 

-------------
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phase signal sj for the next channel (supposed to be ith 

channel) following modulo M. This sampling phase signal 

~ is used as the control signal for another signal 

selector 252. The signal selector 252 selects one of 

5 N clock signals elk (cl, ••• , cN), ci in this case, 

according to the phase number i indicated by the sampling 

phase signal sj. A sampling circuit 251 samples the 

decision data dl with the phase of the clock signal ci 

selected as the optimal sampling phase, and genera~es 

10 demodulated data d2 of the symbol rate. 

As described above, the data demodulator, which is 

the preferred embodiment illustrated in FIG. 1, readily 

permits large scale integration and dispenses with 

adjustment because it wholly consists of digital circuits. 

15 As it optimizes the symbol synchronism phase for every 

channel of TDMA signals, demodulated data d2 with the 

least error rate can b~ obtained for each channel. 

Furthermore this data demodulator, which flexibly various 

the technique to set the sampling phase signal si for the 

20 decision data "dl according to the contents of receive 

signals E..1 can achieve quick symbol synchronization at 

the time of starting the reception of burst signals and, 

at the same time, realize the reproduction of data with 

less errors in consecutive reception on the same TDMA 

25 channel even if the the receive signals r are accompanied 

by much noise. 

11i1lii1nr 
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Referring now to FIG. 7, a data demodulator illustrated 

in this drawing, which is another preferred embodiment 

of the present invention, like the one shown in FIG. 1, 

includes phase detector 101 £or receiving a receive signal 

5 E. havi·nc;J undergone ;: I 4 QPSK modulation from an input 

terminal 100, delay circuit 102, phase difference detector 

103, decision circuit 104, reference signal generator 105 

for generating a reference signal fr, and timing signal 

generator 106. This data demodulator further includes 

10 subtraction circuit 121 arranged between the phase 

aifference detector 103 and the decision circuit 104, 

and signal processor 107B, which is substantially simila= 

to its counterpart in the embodiment shown in FIG. 1. The 

signal processor 107B, though having the same constituent 

15 elements as the signal processor 107A, is different in the 

way it processes signals as will be described below. 

If the center frequency of the receive signal E. 

differs from l/K of the reference signal fr (i.e. if 

the receive signal E. has a "frequency drift"), a phase 

20 difference signal El will have a D.C. offset. If this 

phase difference signal El having a D.C. offset is 

directly supplied to the decision circuit 104, the 

decision circuit 104 will generate decision data dl 

with many errors due to the D.C. offset. To eliminate 

25 this disadvantage, the subtraction circuit 121 subtracts 

from the phase difference signal El a correction value ....... ... _ --
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for the frequency drift, and thereby generates a corrected 

phase difference signal E! cleared of the D.C. offset due 

to the frequency drift. This corrected phase difference 

signal E.! is supplied to the decision circuit 104, which 

5 generates decision data dl whose data errors due to said 

frequency drift have been reduced. 

Referring to FIG. 8 together, decision error detector 

122 generates a decision error eb in response to the 

corrected phase difference signal E! and the decision 

10 data dl. Thus, the decision phases corresponding to the 

tiecision data dl (1, 1), (1, 0), (0, 0) and (O, 1) are 

-3 r./4, - 'li:/4, -z/4 and 3-;:;/4 radians, respectively. 

Referring further to FIG. 9 together, decision error 

adding means 124 generates a decision error sum ebl by 

15 adding -a decision error ·eb every time a clock signal elk 

N times the symbol rate, i.e. having N phases, is entered, 

and clears the decision error sum ebl at a timing before 

the start of reception on each TOMA channel (time t2 for 

channel "l" and time t6 for channel "2") in response to 

20 a clear signal clr. The period during which the decision 

error signals eb are added is one TOMA frame period 

(period Tf) • · -.Where clock signals elk in correct symbol 

synchronism with the re9eive signals E are obtained, the 

decision error adder 124 can maintain an adequate level 

25 of frequency drift estimating accuracy even if the decision 

errors eb are added with clock signals elk of a period 

equal to the symbol period (Le. N = 1). 
---- -
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The decision error sum ebl is supplied to a decision 

error register 126, which samples the decision error sum 

ebl at the timings of a sampling signal ·load {times tl . 

and t2), and supplies the sampled decision error sum eb2 

5 to the signal processor 107B. 

The si·gnal processor 107B computes frequency drift 

correction values prl, •.. , prM for each TDMA channel 

of the receive signals r as will be described below in 

response to a decision error sum es3 that has been read 

10 out and to receive information inf, and writes these 

correction values prl, •.. , prM into respectively 

corresponding correction data registers 125-1, ... , 125-M. 

A signal selector 123 selects the correction data register 

125-j of the ith channel indicated by a channel number 

15 indicating signal ch, and supplies the subtraction circuit 

121 with the correction value E.Ei stored in the correction 

data register 125-j as the correction value EE· Thus, 

referring to FIG. 9, the signal selector 123 supplies the 

subtraction circuit 121 with the correction value EE = prM 

20 at the timing of ·the reception of signals on channel M 

(until time t2), and with the correction value EE.= prl 

at the timing,of the reception of signals on channel "l" 

{from time t2 through time tS). Since the switching of 

the correction value EE. by the signal selector 123 can be 

25 accomplished instantaneously, this data demodulator can 

immediately correct any frequency drift even at the timi~g 
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of switching the channel for receive signals E. differing 

in frequency drift from one TDMA channel to another. 

This quick switching of the correction value EE. is 

especially useful for a data demodulator which requires 

5 switchi~g of the correction value EE. in a matter of tens 

of microseconds as in a digital cellular telecommunication 

system according to the above-cited RCS STD-27A (the bit 

rate is 42 kbps, M = 3). 

Next will be described the first technique for 

10 computing the correction value, suitable for prompt 

setting of the correction values prl, ••. , prM at the 

time of, for instance, starting the reception of burst 

signals !:.· 

The signal processor 107B reads out, every time the 

15 decision error register 126 samples the decision error 

sum eb2, this decision error sum eb2, and computes the 

average £Ei of the d~cision errors eb on this channel 

(supposed to be the ith channel) in every fixed period, 

which is one frame period Tf of TDMA sign~ls here. Where 

20 one frame period Tf consists of H symbols, the decision 

~error eb is added N x H times, and the average prj is 

representea by Equation (2). The signal processor 107B 

has, in its data RAM 204, M decision error storing memories 

205, in which the decision error sums eb2 are stored on 

25 a channel-by-channel basis. 

prj = eb2/ (N • H) (2) 



- 23 

The value prj, which is the average of decision 

errors eb on this ith channel, .represents the D.C. offset 

quantity of the phase difference signal ·£!_. If this 

average ·EE.i is obtained on, for instance, the Mth channel, 

5 the correction value prM currently set for the Mth channel 

will be deviating from the proper correction value by the 

average EE]_. Therefore, the signal processor 107B adds 

this average prj to the correction value prM stored in 

the correction data register 125~M for the M-th channel 

lP as indicated by Formula (3), and writes the sum of this 

addition into the correction data register 125~M as a 

new correction value prM. 

PrM ~ l?rM + eb2/ (N • H) (3) 

If this. new correction value prM is a sufficiently 

15 .corrected value, the corrected phase difference signal J2! 
on the Mth TDMA channel will thereafter have no D.C. offset, 

and the Mth channel will be cleared of the impact of the 

frequency drift. 

Next will be described the second techniqu~ for 

20 computing the correction value, suitable for correcting 

frequency drifts of TDMA signals from the same communication 

partner station (on the same channel) . 

Center frequency fluctuations of receive signals r 

being consecutively received .on the same TDMA channel are 

25 in many cases likely to be extremely small between adjoining 

bursts. In such a case, if the correction value EE is 
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varied with a limited quantity of correction instead of 

finding out a totally new frequency drift correction value 

EE_ for each burst, the detected fluctuation quantity of 

frequency drifts in the presence of much noise accompanying 

5 receive signals E is likely to be reduced~ Therefore, 

according to this correction value computing technique, 

the correction value ·EE is computed with weighting by a 

weighting coefficient ~ as indicated by Formula (4) . 

10 

prM ~ prM + ( eb2 I (N · H) ) • v 

= prM + eb2 • vl ( 4) 

where . 0 ~ weighting coefficient ~ ~ 1, vl = ~/ (N · H) • 

According to the second correction value computing 

technique, the greater the value of the weighting 

coefficient ~, the shorter the period of frequency drift 

.15 correction. Therefore, immediately after the start of 

receiving burst signals Er the value of the weight 

coefficient v is set greater, and it is reduced to a 

smaller value after the completion of frequency drift 

correction, when the correction value prM becomes smaller 

20 than a prescribed level, to restrain the fluctuations of 

the correction value prM due to receiver noise. In 

particular, by setting the weighting coefficient to 1 

at the time of receiving the first burst signal E (the 

same as by the first correction value computing technique) , 

25 the frequency drift can be immediately corrected. To 

judge whether or not any receive signal E is being 
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received, exactly the same method as what was explained 

with regard to the first preferred embodiment of FIG. 1 

can be used, i.e. according to the receive information inf 

supplied from the control unit to the signal processor 107B. 

5 ·Incidentally, since it is unde.sirable to let the definitiol). 

error memories 205 to be cleared by any instantaneous 

interruption of the redeive signal Er the signal processor 

107B requires protecting means to prevent the decision 

error memories 205 from being cleared and the correction 

10 value EE from varying abruptly in time of instantaneous 

1nterruption of the receive signal r. , . . -
Referring to FIG. 10 together, the flow chart of this 

figure shows the second technique for correction value 

computation. The signal processor 107B reads out the 

15 decision error sum ·eb2 from the decision error register 

126 at tl, the ending time of TDMA signals on the Mth 

channel (step 21). The signal processor 107B than reads 

the Mth channel correction value prM corresponding to the 

decision error eb2 from the correction data register 125-M, 

20 and computes a new correction value ·prM by Formula (4), 

using the read-out correction value prM, the decision 

error sum eb2 and the weighting coefficient ~ (or Vl) 

which has been prepared in response to the receive 

information inf and .varies over time (step 22). Finally, 

25 the signal processor 107B stores the new correction value 

prM into the correction data register 125-M (step 23). 
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The flow described so far is repeated in the reception 

of TDMA signals on every channel. 

Since the data demodulator illustrated in FIG. 7, 

which is another preferred embodiment of the present 

5 invention, wholly consists of digital circuits as stated 

above, it readily permits large scale integration and 

dispenses with adjustment. As any frequency drift is 

corrected instantaneously on every TDMA channel, 

demodulated data d2 with the least error rate can be 

10 obtained for every channel. Furthermore, the time 

constant for this frequency drift correction can be 

flexibly varied according to the reception state of 

receive signals E..1 so that frequency drift correction 

can be accomplished promptly at the time of starting the 

·15 reception of burst signals ~ and with high resistance to 

noise during consecutive reception. 

As hitherto described, _data demodulators according 

to the invention readily permit large scale integration 

and dispense with adjustment because all their circuits 

20 including symbol synchronization circuits or frequency 

drift correcting circuits are digitized. Since these 

data demodulators flexibly vary the setting of the phase 

adjustment parameter for symbol synthronisrn and the 

correction parameter for frequency drift correction with 

25 the signal processor 107A and 107B and by a plurality of 

computing techniq~es inc~uding the varying of the weighting 
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coefficients~ and ~,over time according to the reception 

state of receive signals £ 1 they have the characteristic 

of being able not only to promptly achieve said symbol 

synchronization and correct any frequency drift into a 

5 normal reception state on every TDMA channel but also 

to reproduce demodulated data in a normal reception state 

with a low error rate even "in the presence of much noise. 

Although the invention has been described with 

reference to specific embodiments, this description is 

10 not meant to be construed in a limiting sense. Various 

modifications of the disclosed embodiments, as well as 

other embodiments of the invention, will become apparent 

to persons skilled in the art upon reference to the 

description of the invention. It is therefore contemplated 

15 that the appended claims will cover any such modifications 

or embodiments as fall within the tr~e scope of the 

invention. 

-~~--------· ----
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What is claimed is: 

1. A data demodulator provided with: 

phase detection means for detecting the phase of a 

·receive signal having undergone differential phase-shift­

keying (DPSK) by comparing the phase of said receive 

5 signal and that of a reference signal whose frequency is 

substantially equal to K (K is a positive integer) times 

the center frequency of said receive signal, and sampling 

the phase of said receive signal, which has been detectec,. 

to givE!! a phase signal in a parallel signal form every 

10 time a clock signal, resulting from the division of the 

symbol period of said reqeive signal into N (N is a 

positive integer) phases, is supplied: 

delay means for generating a delayed phase signal by 

giving said phase signal a delay equal in length to said 

15 symbol period; 

phase difference detection means for generating a 

phase difference signal by subtracting said delayed phase 

signal from said phase signal; and 

decision means responsive to said phase difference 

20 signal for generating decision data, which is the result 

of the phase decision of said phase difference signal, 

further provided with: 

decision error computing means responsive to said 

phase difference signal and said decision data for 

.--·--·-
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25 computing a decision error on the basis of the difference 

between the phase of said phase difference signal and the 

decision phase of said decision data; 

N decision error adding means each for generating 

a decision .error sum by adding said decision error every 

30 time said clock signal is supplied and for clearing said 

decision error sum in response to a clear signal; 

N decision error registers each for storing said 

decision error sum from the corresponding one of said 

decision error adding means every time a sampling signal 

35 is supplied; 

a sampling phase register for storing sampling phase 

signals; 

sampling means for generating symbol rate demodulated 

data by sampling said decision data in a phase indicated 

40 by said clock signal and said sampling phase signal; and 

signal processing means further comprising reading 

means for reading out said decision error sum from each 

of said N decision error registers, sampling phase 

computing means responsive to each of these.decision 

45 error sums for computing said sampling phase signal by 

a prescribed computing technique, and storing means for 

storing said sampling phase s_ignal into said sampling 

phase register. 

2. A data demodulator, as claimed in Claim 1, wherein 

1Uiiiilil1f 
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said receive signal has undergone ~/4-shift quadrature 

phase-shift-keying (z/4QPSK) . 

3. A data demodulator, as claimed in Claim 1, wherein 

said decision error computing means is decision error 

squaring means for generating said decision error by 

squaring the difference between the phase of said phase 

5 difference signal and the decision phase of said decision 

data. 

~. A.data demodulator, as claimed in Claim 1, wherein 

said decision error computing means is absolute value 

computing means for generating said decision.error by 

computing the absolute value of the difference between 

5 the phase of said phase difference signal and the decision 

phase of said decision data. 

5. A data demodulator, as claimed in Claim 1, further 

provided with timing signal generating means for generating 

said clock signal, said sampling signal and said clear 

signal. 

6. A data demodulator, as claimed in Claim 1, wherein 

said signal processing means is provided with: 

input/output (I/O) means for reading said decision 

error sum from each of said N decision· error registe~s i~ 
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5 a prescribed period and writing said sampling phase signal' 

into said sampling phase register, and 

computing means responsive to said N decision error 

sums, which have been read·out, for sending one of the 

·phases of said clock signal to said I/O means as said 

10 sampling phase signal. 

7. A data demodulator, as claimed in Claim 6, wherein 

said computing means sends said clock signal phase 

corresponding to the smallest value of said decision 

·error sum as said sampling phase signal. 

8. A data demodulator, as claimed in Claim 7, wherein 

said I/O means further receives receive information 

indicating the reception state of said receive signal, 

and 

5 said computing means further is responsive to said 

receive information for correcting said decision error 

sums with a weighting coefficient corresponaing to said 

receive information, and sending said clock· signal phase 

indicating the smallest value of these corrected decision 

10 error sums as ~aid sampling phase signal. 

9. A data demodulator, as claimed in Claim 8, wherein 

said corrected decision error sum is the weighted average 

of _said decision error sum for the preceding adding period 

and of a newly added sum of said decision errors. 
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10. A data demodulator, as claimed in Claim 7, wherein 

said sampling means comprises: 

a first sel~ctor controlled by a channel number 

indicating signal to select one of said sampling phase 

5 signals; 

a second selector controlled by said sampling phase 

signal from said first selector to select one of said 

N-phase clock signals·, and 

a sampling circuit for generating said symbol rate 

10 demodulated data by sampling said decision data with the 

clock signal selected by said second selector. 

11. A data demodulator provided with: 

phase detection means, receiving a receive signal 

_having undergonelt''/4QPSK, for detecting the phase of 

said receive signal by comparing the phase of said receive 

5 signal and that of a reference signal whose frequency is 

substantially equal to K (K is a positive integer) times 

the center frequency of said receive signal, and sampling 

the phase of said receive signal, which has been cetectec, 

to give a phase signal in a parallel signal form every 

10 time a clock signal, resulting from the division of the 

symbol period of said receive signal into N (N.is a 

positive integer) phases, is supplied; 

delay means for generating a delayed phase signal by 

giving said phase signal a delay equal in length to said 

15 symbol period; 
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phase difference detection means for generating a 

phase difference signal by subtracting said delayed phase 

signal from said phase signal; and 

decision means responsive to said phase difference 

20 signal for generating decision data, which is the result 

of the phase decision of said phase difference signal, 

further provided with: 

timing signal generating means for generating a 

sampling signal, a clear signal and said clock signal; 

25 decision error squaring means for generating the 

~quare_of a definition error by squaring the difference 

between the phase of said phase difference signal and 

the decision phase of said decision data; 

N decision error adding means each for generating 

30 the sum of the squares of decision errors by adding the 

35 

square of said decision error every time said clock signal 

of the corresponding phase is supplied and for clearing 

the sum of the squares of said decision errors in response 

to said clear signal; 

N decision error registers each for storing said 

decision error sum from the corresponding one of said 

decision error.adding means every time a sampling signal 

is supplied; 

a sampling phase register for storing sampling phase 

40 signals; 

sampling means for generating symbol rate demodulated 
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data by sampling said decision data in a phase indicated 

by said clock signal and said sampling phase signal; and 

signal processing means further comprising I/O means 

45 for reading the sum of the squares of .said decision 

errors from each of said N decision error registers in a 

prescribed period and writing said sampling phase signal 

into said sampling phase register, and computing means 

for sending one of the phases of said clock signal, 

50 corresponding to the smallest value of the squares of 

said decision errors among the N sums of the squares of 

said decision errors, which have been read out, to said 

I/O means as said sampling phase signal. 

12. A data demodulator provided with: 

phase detection means, receiving a receive signal 

having undergone r./4QPSK, for detecting the phase of 

said receive signal by comparing the phase of said 

5 receive signal and that of a reference signal whose 

freq~ency is substantially equal to K (K is a positive 

integer) times the center frequency of said receive 

signal, and sampling the phase of said receive signal, 

which has been detected, to give a phase signal in a 

10 parallel signal form every ti.me a clock signal, resulting 

from the division of the symbol period of said receive 

signal into N (N is a positive integer) phases, is 

supplied; 
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delay means for generating a delayed phase signal by 

15 giving said phase signal a.delay equal in length to said 

symbol period; 

phase difference detection means for generating a 

phase difference signal by subtracting said delayed phase 

signal from said phase signal; and 

·20 decision means responsive to said phase difference 

signal for generating decision data, which is the result 

of the phase decision of said phase differenc~ signal, 

further provided with: 

t~ming signal generating means for generat'ing a 

25 sampling signal, a clear signal and said clock signal; 

decision error squaring means for generating the 

square of a decision error by squaring the difference 

between the phase of said phase difference signal and 

the decision phas.e of said decision data; 

30 N decision error adding means each for generating 

the sum of the squares of said decision errors by adding 

the square of said decision error every time said clock 

signal of the corresponding phase is supplied and for 

clearing the sum of the squares of said decision errors 

35 in response to said clear signal; 

N decision error registers each for storing said 

decision error sum from the corresponding one of said 

decision error adding means every time a sampling signal 

is supplied; 
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a sampling phase register for storing sampling phase 

signals; 

sampling means for generating symbol rate demodulated 

data by sampling said decision data in a phase indicated 

by said clock signal and said sampling phase signal; and 

s.ignal processing means further comprising input 

means for reading the sum of the squares of said decision 

errors from each of said N decision error registers in a 

prescribed period and receiving receive information 

indicating the reception state of said receive signal; 

SO output.means for writing said sampling phase signal into 

said sampling phase register; weighted average decision 

error computing means for c.omputing weighted average 

decision errors resulting from the weighted averaging 

of the N sums of the squares of said decision errors, 

55 which have been read out, and of the N sums of the squares 

of said decision errors in the preceding adding period; 

and computing means for sending one of the phases of said 

clock signal, corresponding to the smallest value of the 

sums of these weighted average decision errors to said 

60 output means as said sampling phase signal. 

13. A data demodulator provi_ded with: 

phase detection means, for detecting the phase of a 

receive signal having undergone differential phase-shift-

keying (DPSK) by comparing the phase of said receive 
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5 signal and that of a reference signal whose frequency is 

substantially equal to K (K is a positive integer) times 

the center frequency of said.receive signal, and sampling 

the phase of said receive signal, which has been detected, 

to give a phase signal in a parallel signal form every 

10 time a clock signal, resulting from the division of the 

15 

symbol period of said receive signal into N (N is a 

positive integer) phases, is supplied; 

delay means for generating a delayed phase signal 

by delaying said phase signal by one symbol; 

phase difference ~etection means for.generating a 

phase difference signal by subtracting saia delayed phase 

signal from said phase signal; and 

decision means responsive to said phase difference 

signal for generating decision data, which is the result 

20 of the phase decision of said phase difference signal, 

wherein: 

said receive signals are M-channel (M is a positive 

integer) TDMA signals, 

further provided with:. 

25 decision error computing means responsive to said 

phase difference signal and said decision data for 

computing a decision error on the basis of the difference 

between the phase of said phase difference signal and 

the decision phase of said decision data; 

30 N decision error adding means each for generating 
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a decision error sum by adding said decision error every 

time said clock signal is supplied and for clearing said 

decision error sum in response to a clear signal; 

N decision error registers each for storing said 

35 decision error sum from the corresponding one of said 

40 

decision error adding means every time a sampling signal 

is supplied; 

M sampling phase registers for storing a sampling 

phase signal for each of said channels; 

sampling means for generating symbol rate demodulatec 

aata by sampling said definition data in a phase indicated 

by said clock signal, said M sampling phase signals, and 

a channel number indicating signal; and 

signal processing means further comprising reading 

45 means for reading out said decision error sum for each 

of said channels from each of said N decision error 

registers, sampling phase computing means responsive 

to each of these decision e.rror sums for computing said 

sampling phase signal for each channel by a prescribed 

SO computing technique, and storing means for storing each 

of said sampling phase signals into one or another of 

said M sampling phase registers. 

14. A data demodulator, as claimed in Claim 13, wherein 

said receive signal has undergone ~/4-shift quadrature 

phase-shift-keying (r/4QPSK). 

·- - -· ---· - -···--- ·--· · --·--- .. 
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15. A data demodulator, as claimed in Claim 13, wherein 

said decision error computing means is decision error 

squaring means for generating said decision error by 

squaring the difference between the phase of said phase 

5 difference signal and the definition phase of said decision 

data. 

16. A data demodulator, as claimed in Claim 13, wherein 

said decision error computing means is absolute value 

computing means for generating said decision error by 

computing the absolute value of the difference between 

5 the phase of said phase difference signal and the decision 

phase of said decision data. 

17. A data demodulator, as claimed in Claim 13, further 

provided with timing signal generating means, receiving 

a frame signal notifying the TDMA channel switching of 

said receive signal, for generating said clock signal 

5 synchronized with this frame signal, said sampling signal, 

said clear signal, and said channel number indicating 

signal. 

18. A data demodulator, as claimed in Claim 17, whwerein: 

said sampling signal is prepared immediately before 

the end of reception of said receive signal on each TDMA 

.channel; 

llliU1iiHr 
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said clear signal is prepared between the preparation 

of said sampling signal and the reception of said frame 

signal; and 

said channel number indicating signal is prepared 

upon reception of said frame signal. 

19. A data demodulator, as claimed in Claim 18, wherein 

said signal processing means further comprises: 

input/output (I/O) means for reading said decision 

error sum from each of said N decision error registers 

5 every time said sampling signal is supplied, and writing 

said sampling phase signal into said sampling phase 

register for the corresponding channel, and 

computing means responsive to said N decision error 

sums, which have been read out, for sending one of the 

ld phases of said clock signal to said I/O means as said 

sampling phase signal. 

20. A data demodulator, as claimed in Claim 18, wherein 

said sampling phase computing means sends said clock 

signal phase correxponding to the smallest value of said 

decision error sum as said sampling phase signal. 

21. A data demodulator, as claimed in Claim 18, wherein 

i:?aid I/O means further r~c~ives receive information 

indicating the reception state of said receive signal, anc 
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said comput.ing means further is responsive to said 

5 receive information for correcting said decision error 

sums with a weighting coefficient corresponding to said 

receive information, and sencind said clock signal phase 

indicating the smallest value of these corrected decision 

error sums as said sampling phase signal. 

22. A data demodulator, as claimed in Claim 18_, wherein 

said corrected decision error sum _is the weighted average 

of said decision.error sum for the preceding adding period· 

and of a newly added sum of said decision errors. 

23. A data demodulator provided with: 

phase detection means, receiving a receive signal 

having undergone ~/4QPSK, for detecting the phase of said 

receive signal by comparing the phase of said receive 

5 signal and that of a reference signal whose frequency 

is substantially equal to K (K is a positive integer) 

times the center frequency of said receive signal, and 

sampling the phase of said receive signal, which has been 

detected, to give a phase signal in a parallel signal 

10 form every time a clock signal, resulting from the division 

of the symbol period of said receive signal into N (N is 

a positive integer) phases, is supplied; 

delay means for generating a delayed phase signal by 

giving said phase signal a delay equal in length to said 

15 symbol period; 
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phase difference detection means for· generating a 

phase difference signal by subtracting said delayed phase 

signal from said phase signal; and 

decision means responsive to said phase difference 

20 signal for generating decision data, which is the result 

of the phase decision of said phase difference signal, 

wherein: 

said receive signals are M-channel (M is a positive 

integer) TDMA signals. 

25 further provided with: 

timing signal generating means, receiving a frame 

signal notifying the TDMA frame switching of said receive 

signal, for generating said clock signal synchronized with 

this frame signal, a sampling signal prepared immediately 

30 before the end of reception of said TDMA frame, a clear 

35 

signal prepared between the preparation of said sampling 

signal and the reception of said frame signal, and a 

channel number indicating signal prepared upon reception 

of said frame signal; 

decision error squaring means for generating the 

square of a decision error by squaring the difference 

between the phase of said phase difference signal and 

the decision phase of said decision data; 

N decision error adding means each for generating 

40 the sum of the squares of said decision errors by adding 

the square of said decision error every time said clodk 
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signal of the corresponding phase is supplied and for 

clearing the sum of the squares of said decision errors 

in response to said clear signal; 

N decision error registers each for storing said 

decision error sum from the corresponding .one of said 

decision error adding means every time a sampling signal 

is supplied; 

M sampling phase registers for storing sampling 

50 phase signals for each of said channels; 

sampling mea·ns for generating symbol rate demodulated-

data by sampling said decision data in a phase indicated 

by said clock signal, said M sampling phase signals, and 

said channel number indicating signal; and 

55 signal processing means further comprising I/O means 

for reading the sum of the squares of said decision 

errors from each of said N decision error registers at 

the generation timing of said sampling signal and writing 

each of said sampling phase signals into said sampling 

60 phase reg'ister of the corresponding channel; and computing 

means for sending one of the phases of said clock signal, 

corresponding to the samllest value of the squares of said 

decision errors among the N sums of the squares of said 

decision errors, which have been read out, to said I/O 

65 means as said sampling phase signal. 

24. A data demodulator provided with: 



11111111111111 1111111111111111 
- 44 - * C L M S * 

phase detection means, receiving a receive signal 

having undergone ;./4QPSK, for detecting the phase of 

said receive signal by comparing the phase of said receive 

5 signal and that of a reference signal whose frequency is 

substantially equal to K (K is a positive integer) times 

the center frequency of said receive signal, and sampling 

the phase of said receive signal, which has been detected, 

to give a phase signal in a parallel signal form every 

10 time a clock signal, resulting from the division of the 

symbol period of said receive signal into N (N is a 

positiv~ integer) phases, is supplied; 

delay means for generating a delayed phase signal 

by giving said phase signal a delay equal to said symbol 

15 period; 

phase difference detection means for generating a 

phase difference signal by subtracting said delayed phase 

signal from said phase signal; and 

decision means responsive to said phase difference 

20 signal for generating decision data, which is the result 

of the phase -decision of said phase difference signal, 

wherein: 

said receive signals are M-channel (M is a positive 

integer) TDMA signals, 

25 further provided with: 

timing signal generating means, receiving a frame 

signal notifying the TOMA frame switching of said receive 

l~iii1nr 
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signal, for generating _said clock signal synchronized with 

this frame signal, a sampling signal prepared immediately 

30 before the end of reception of said TDMA frame, a clear 

35 

signal prepared between the preparation of said sampling 

signal and the recepti?n of said frame signal, and a 

channel number indicating signal prepared upon reception 

of said frame signal; 

decision error squaring means for generating the 

square of a decision error by squaring the difference 

between the phase of said phase difference signal and 

~he de~ision phase of said decision data; 

N decision error adding means each for generating 

40 the sum of the squares of said decision errors by adding 

45 

the square of said decision error every time said clock 

signal of the corresponding phase is supplied and for 

clearing the sum of the squares of said decision errors 

in response to said clear signal; 

N d~cision error registers each for storing said 

decision error sum from the corresponding one of said 

decision error adding means every time a sampling signal 

is supplied; 

M sampling.phase registers for storing sampling phase 

50 signals for each of said channels; 

sampling means for generating symbol rate demodulated 

data by sampling said decision data in a phase indicated 

by said clock signal, said M sampling phase signals, a~d 
.. 

said channel number indicating signal; and 
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SS signal processing means further comprising input means 

for reading the sum of the squares of said decision errors 

from each of said N decision error registers at the 

generation timing of said sampling signal and receiving 

receive information indicating the reception state of 

60 said receive signal; output means for writing each of 

said sampling phase signals into said sampling phase 

register for the corresponding channel; weighted average 

decision error computing means for computing weighted 

average decision errors resulting from the weighted 

6S averag~ng of the N sums of the squares of said decision 

errors, which have been read out, and of the N sums of 

the squares of said decision errors in the preceding 

adding period with a weighting coefficient corresponding 

to said receive information; and computing means for 

70 sending one of the phases of said clock signal, 

corresponding to the smallest value of the sums of 

these weighted average decision errors to s'aid output 

means as said sampling phase signal. 

2S. A data demodulator provided with: 

phase detection means, for detecting the phase of 

a receive signal of an M-channel TDMA formula having 

undergone differential phase-shift-keying (DPSK) by 

5 comparing the phase of said receive signal and that of 

a reference signal whose frequency is substantially equa: 
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to K (K is a positive integer) times the center frequency 

of said receive signal, and sampling the phase of said 

receive signal, which has been detected, to give a phase 

10 signal in a parallel signal form every time a clock signal, 

resulting from the division of the symbol period 9f said 

receive signal into N (N is a positive integer} phases, 

is supplied; 

delay means for generating a delayed phase signal 

15 by giving said phase signal a delay equal in length to 

said symbol period; 

20 

phase difference detection means for generating a 

phase difference signal by subtracting said delayed phase 

signal from said phase signal; and 

decision means responsive to said phase difference 

signal for generating decision data, which is the result 

of the phase decision of said phase difference signal, 

further provided with: 

subtracting means, inserted between said phase 

25 difference detection means.and said decision means, 

for subtracting from a phase difference signal generated 

by said phase difference. detecting means a correction 

value for correcting the D.C. offset of this phase 

difference signal, and supplying the corrected phase 

30 difference signal to said decision means; 

decision error detection means responsive to the 

phase difference signal from said subtracting means and 
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to said decision data for detecting the difference between 

the phase of said phase difference signal and the decision 

35 phase of said decision data; 

decision error adding means for generating the sum 

of said decision errors by adding said decision errors 

in the period of the supply of channel number indicating 

signals every time said clock signal is supplied and for 

40 clearing the sum of said decision errors in response to 

a clear signal; 

a decision error register for sampling the sum of 

said d~cision errors at the timing of a sampling signal 

which is supplied, and storing said decision error sum; 

45 M correction registers for storing said correction 

.value for each corresponding TOMA channel of said receive 

signals; 

a selector for selecting said correction value from 

one of said M correction registers as indicated by a 

50 channel number indicating signal; and 

signal processing means further comprising reading 

means for reading said decision error sum out of said 

decision error register,. computirig means responsive to the 

read-out decision error sum for computing said correc~ion 

55 value for each of said TOMA channels, and correction val~e 

storing means for storing these correction values into sa~d 

correction registers for the respectively corresponding 

channels. 

11111~1mir 
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26. A data demodulator, as claimed in Claim 25, wherein 

said receive signal has undergone ~/4-shift quadrature 

phase-shift-keying (~/4QPSK}. 

27. A data demodulator, as claimed in Claim 25, further 

provided with: 

timing signal generating means, receiving a frame 

signal notifying t~e TDMA channel switching of said 

5 receive .. signal, for generating said clock signal 

5 

synchronized with this frame signal, said sampling signal,· 

Said clear signal, and said channel number indicating 

signal. 

28. A data demodulator, as claimed in Claim 27, wherein: 

said sampling signal i~ prepared immediately before 

the end of reception of said receive signal on each TDMA 

channel; 

said clear signal is prepar~d between the preparation 

of said sampling signal and the reception of said frame 

signal; and 

said channel number indicating signal is prepared 

upon reception,of said frame signal. 

29. A data demodulator, as claimed in Claim 28, wherein: 

said signal processing means further includes I/O 

means for reading the sum of said decision errors out of 
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said decision error register at the timing of said sampling 

5 signal and writing each of said correction values into said 

correction registers for the respectively corresponding 

channels; and correction value computing means responsive 

to the sum of said decision errors, which has been read 

out, for computing said correction value for each of said 

10 TDMA channels and supplying these correction values to 

said I/O means. 

30. A data demodulator, as claimed in Claim 27, wherein: . 

s~id computing means computes the average of the sums 

of said decision errors in each prescribed period and for 

each of said TDMA channels, and adding said average to 

5 said correction value stored in said correction register 

for the corresponding channel to give a new correction 

value. 

31. A data demodulator, as claimed in Claim 30, wherein 

said prescribed period is one frame period of said TDMA 

signals. 

32. A data demodulator, as claimed in Claim 30, wherein 

said I/O means further receives receive information 

indicating the reception state of said receive signal, anc 

said computing means further is responsive to said 

5 receive information for correcting said average with a 

iiiOUr 
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weighting coefficient corresponding to said receive 

information, and adding this ·corrected average to said 

correction value to give a new correction value. 

33. A data demodulator, as claimed in Claim 32, wherein 

said computing means: 

computes said average uncorrected if it receives said 

receive information indicating the first burst reception 

5 of said receive signals, or 

computes said average corrected with said weighting 

aoefficient if 1t receives said receive information 

indicating the reception of the same TDMA channel. 

34. A data demodulator provided with: 

phase detection means, receiving a receive signal of 

an M-channel TDMA formula having undergone r./4QPSK, for 

detecting the phase of said receive signal by comparing 

5 the phase of said receive signal and that of a reference 

signal whose frequency is substantially equal to K (K is 

a positive-integer) times the center frequency of said 

receive signal, and sampling the phase of said receive 

signal, which has been detected, to give a phase signal 

10 in a parallel signal form every time a clock signal, 

resulting from the division o~ the symbol period of said 

receive signal into N (N is.a positive integer} phases, 

is ·supplied; 
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delay means for generating a delayed phase signal by 

15 giving said phase signal a delay equal in length to said 

20 

symbol period; 

phase difference detection means for generating a 

phase difference signal by subtracting said delayed phase 

signal from said phase signal; and 

decision means responsive to said phase difference 

signal for generating decision data, which is the result 

of the phase decision of said phase difference signal, 

further provided with: 

timing signal generating means, receiving a frame 

25 signal notifying the TDMA channel switching of said receive 

signal, for generating said clock signal synchronized with 

this frame signal, a sampling signal prepared immediately 

before the end of reception on said TDMA channel, a clear 

signal prepared between the preparation of said sampling 

30 signal and the reception of said frame signal, and a 

channel number indicating signal prepared upon reception 

of said frame signal; 

subtracting means, inserted between said phase 

difference detection means and said decision means, for 

35 subtracting from a phase difference signal generated by 

said phase difference detecting means a correction value 

for correcting the D.C. offset of this phase difference 

signal, and supplying the corrected phase difference signal 

to said decision means; 
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decision error detection means responsive to the 

phase difference signal from said subtracting means and 

to said decision data for detecting the difference between 

the phase of said phase difference signal and the decision 

phase of said dec~sion data; 

decision error adding means for generatin~ the sum 

of said decision errors by adding said decision error in 

the period of the supply of said channel number indicating 

signals every time said clock sigri.al.is supplied and for 

clearing the sum of said decision errors in response to 

SO said clear signal; 

a decision error register for sampling the sum of 

said decision errors every time said sampling signal is 

supplied and storing said decision error sum; 

M correction registers for storing said correction 

55 value for each corresponding TDMA channel of said receive 

signals; 

a selector for selecting said correction value from 

one of said M correction registers as indicated by said 

channel number indicati~g signal; and 

60 signal processing means fu+ther comprising reading 

means for ·reading said decision error sum out of said 

decision error register, computing means responsive to 

the read-out decision error sum for computing the average 

of the sums of said decision errors in each frame period 

65 of said TDMA signals and adding said average to said 
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corrected value stored in said correction register _of the 

corresponding TDMA channel to give a new correction value, 

and correction value storing means for storing these 

correction values into said correction registers for 

70 the respectively corresponding channels. 

35. A data demodulator provided with: 

phase detection means, receiving a receive signal 

for detecting the phase of a receive signal of an M-channel 

TDMA formula having undergone r./4QPSK by comparing the 

5 phase o~ said receive signal and that of a reference 

signal whose frequency is substantially equal to K (K is 

a positive integer) times the center f~equency of said 

receive signal, and sampling .. the phase.of said receive 

signal, which has been detected, to give a phase signal 

10 in a parallel signal form every time a clock signal, 

resulting from the division of the symbol period of 

said receive signal into N (N is a positive integer) 

phases, is supplied; 

delay means for generating a delayed phase signal 

15 by giving said phase signal a delay equal to length to 

said symbol period; 

phase difference detection means for generating a 

phase difference signal by subtracting said delayed .phase 

signal from said phase signal; and 

20 decision means responsive to said phase difference 



-----------------------~-====~============--------

-----

- 55 - 1·"'11! 1111U11 
H S * 

signal for generating decision data, which is the result 

of the phase decision of said phase difference signal: 

further provided with: 

timing signal generating means, receiving a frame 

25 signal ~otifying the TDMA channel switching of said receive. 

signal, for generating said clock signal synchronized with 

this frame signal, a sampling signal prepared immediately 

before the end of reception of said TDMA frame, a clear 

signal prepared between the preparation of said sampling 

30 signal and the reception of said'frame signal, and a 

channel number indicating signal prepared upon reception 

of said frame signal; 

subtracting means, inserted between said phase 

difference detection means and said decision means, for 

35 subtracting from a phase difference signal generated by 

said phase difference detecting means a correction value 

for correcting the D.C. offset of this phase difference 

signal, and supplying:the corrected phase difference 

signal to said decision means; 

40 decision error detection means responsive to the 

phase difference signal from said subtracting means and 

to said decision data for detecting the difference between 

the phase of said phase difference signal and the decision 

phase of said decision data; _ 

45 decision error adding means for generating the sum 

of said decision errors by adding said decision error in 
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the period of the supply of said channel number indicating 

signals every time said clock signal is supplied and for 

clearing the sum of said decision errors in response to 

50 said clear signal; 

a decision error register for .sampling the sum of 

said decision errors every time said sampling signal is 

supplied and storing said decision error sum; 

M correction registers for storing said correction 

55 value for each corresponding TDMA channel of said receive 

signals; 

a selector for selecting said correction value from 

one of said M correction registers as indicated by said 

channel number indicating signal; and 

60 signal processing means further comprising reading 

means for reading said decision error sum out of said 

decision error register and receiving receive information 

indicating the reception state of said redeive signals, 

computing means for correcting the average of the sums 

65 of said decision errors read out in each frame period of 

said TDMA signals with a weighting coefficient correspondi~g 

to said receive information and adding this average to sai~ 

correction value stored in said correction register of the 

corresponding TDMA channel to give a new correction value, 

70 and correction value storing means for storing these 

correction values into said correction registers for the 

respectively corresponding channels. 

iliU1r 
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36. A data demodulator, as claimed in Claim 35, wherein 

said computing means: 

computes said average uncorrected if it receives said 

receive information indicating the first burst reception 

5 of said receive signals, or 

computes said average corrected with said weighting 

coefficient if it receives said receive information 

indicating the reception of the same TDMA channel. 

···--····-.- -···· --------


