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[5 7 ] ABSTRACT 

A phase detection system for at least one digital 
phase-modulated wave, in which two products of a 
phase-modulated digital signal and two reference car 
rier waves each having the same frequency as the 
phase-modulated digital signal and a phase difference 
90° therebetween are at ?rst produced, so that a con 
verted value which is a function of a phase difference 
between the phase-modulated digital signal and one of 
the reference carrier waves is found by integrating 
respectively the two products or by passing the two 
products in respective low-pass ?lters. The phase de 
tection of the phase-modulated wave is performed by 
comparing the converted value with a reference 
phase. Compensation means may be further provided 

A to compensate phase error in the converted value. 

6 Claims, 13 Drawing Figures 
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PHASE DETECTION SYSTEM FOR AT LEAST ONE 
DIGITAL PHASE-MODULATED WAVE 

This invention relates to a phase detecting system for 
at least one digital phase-modulated wave modulated to 
quantum or discrete phase positions in accordance with 
information signal or signals to be transmitted. 
As the phase detection system, there are a delayed 

detection system and a synchronous detection system 
in a broad classi?cation. The delayed detection system 
is employed for detecting a differential phase modu 
lated wave so that the phase position of a signal ele 
ment is compared with the phase position of an im 
mediately preceding signal element to detect a phase 
difference between two successive signal elements. Ac- - 
cordingly, a delay circuit having a delay vtime equal to 
the duration of the signal element is necessary in this 
system. Moreover, it is necessary that the delay time of 
the delay circuit is correctly maintained over a necessa 
ry frequency range. On the other hand, a reference car 
rier generator is necessary in the synchronous detec 
tion system to obtain a reference phase position. In this 
case, the phase position of the reference carrier is 
usually regulated by the use of phase-information trans 
mitted from the sending side or by detecting phase-in 
formation from the received signal. In this case, trans 
mission of the phase information is necessary by the use 
of another communication channel so that this is 
uneconomical and unusual. Moreover, it is vvery dif 
ficult to detect phase-information from the received 
signal and regulate the reference carrier generator. 
An object of this invention is to provide a phase de 

tection system of a digital phase-modulated wave or 
waves capable of performing phase detection cor 
responding to the delayed phase detection system or 
the synchronous detection system by a single circuit 
without complicated delay circuits and regulation cir 
cuits and suitable to reduce to practice by use of digital 
circuitry and to form time-divisional circuitry for a plu 
rality of phase-modulated waves. 
Another object of this invention is to provide a phase 

detection system of at least one digital phase-modu 
lated wave capable of performing phase detection by 
digital operation without use of a reference carrier 
generator having a feed back loop coupled to the 
digital phase-modulated wave. 

In accordance with a ?rst feature of this invention, 
two products of a phase-modulated digital signal and 
respective two reference carrier waves each having the 
same frequency as the phase-modulated digital signal 
and a phase difference 1r/2 therebetween are at ?rst 
produced, so that a value which is a function of a phase 
difference between the phase-modulated digital signal 
and one of the reference carrier waves is found by in 
tegrating respectively the two products or by passing 
the two products in respective lowepass filters, whereby 
phase detection of the phase-modulated digital signal is 
performed. 

In accordance with a second feature of this inven 
tion, the phase of each signal element of the phase 
modulated digital signal detected as mentioned above 
is temporarily stored as a stored phase, and this stored 
phase is replaced by a phase position of an immediately 
succeeding signal element similarly detected by the use 
of a phase difference between successive two signal ele 
ments. 
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2 
In accordance with a third feature of this invention, a 

phase representative of digital information to be trans 
mitted is substracted from a phase difference between 
the stored phase and the phase-modulated digital signal 
to obtain an error so that this error is employed to com 
pensate the stored phase so as to produce a compen 
sates stored phase of reference. 
As results of the above features, the system of this in 

'vention has following merrits: 
1. Since phase information is represented by digital 

information, phase information can be correctly 
represented by increasing the number of digits of the 
digital information. _ 

2. Even if an oscillator is employed for generating 
reference carriers, it is not necessary that the frequency 
of the oscillator is regulated. Accordingly, the stability 
of the oscillation frequency of the oscillator is very high 
while feed back means is not necessary. These are 
suitable to low cost of the system. 

3. A plurality of phase-modulated digital signals can 
be phase-detected in a time-divisional manner, so that 
the system can be formed in a small size and have a low 
cost. - 

The principle, construction, operation and merits of 
the system of this invention will be better understood 
from the following more detailed discussion in conjunc 
tion with the accompanying drawings, in which: 

FIG. I is a wave form for describing an example of a 
digital phase-modulated wave applied to the system of 
this invention; 

FIGS. 2 and 9 are vector diagrams explanatory of the 
principle of phase modulation in a phase-modulated 
wave applied to the system of this invention; 

FIG. 3 is a block diagram for illustrating an embodi 
ment of this invention; 

FIG. 4 is a ?ow-chart explanatory of the operation of 
the system shown in FIG. 3; 

FIG. 5 is a block diagram for illustrating a part of 
another embodiment of this invention; 

FIGS. 6A, 6B, 7 and 8 are block diagrams each for il 
lustrating another embodiment of this invention; 

FIGS. 10 and 11 are block diagrams each for illus 
trating an example of a circuit used in the embodiment 
shown in FIG. 8; and 

FIG. 12 shows characteristic curves explanatory of 
the operation of the example shown in FIG. I 1. 
The principle of this invention will first be described. 

In this case, phase detection of an eight-phase dif 
ferential phase-modulated wave transmitting three bits 
of information for each signal element is taken as an ex 
ample, With reference to FIG. 1 showing a wave form 
of areceived signal, if the instantaneous level, phase 

> position and amplitude of a signal element and the 
angle frequency of the carrier are assumed respectively 
as 51(1), (bl, wc and A, the instantaneous level of an i-th 
signal element S,(t) can be indicated as follows: 

S,(r)=A cos(wct+,¢,) (1) 
In this case, the time t satis?es a condition '0 s t<T if 
the duration of the signal element is indicated by “T”. 
Accordingly, the time t is zero at the start of the signal 
element and the value T at the termination of the signal 
element. 

In this system, a reference carrier wave having the 
same frequency as the received signal is employed to 
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detect at ?rst a phase difference between the reference 
carrier wave and the received signal. To obtain this 
phase difference, a product of the reference carrier 
wave and the received signal and a product of the 
received signal and another reference carrier having a 
phase position different by 1r/2 from that of the 
reference carrier wave are performed. If the angle 
frequency and phase position of the reference carrier 
wave are assumed as values w, and ¢_,-while theam 
plitude of the reference carrier wave is “ l ” without loss 
of the general meaning, the product of the referencev 
carrier wave and the received wave. can be indicated as 
follows: > 

+Al2.cos((wc— w.)l+(¢t+¢.)) (2) 
This product output is passed through a low pass ?lter 
so that a second member of the equation (2) is ob 
tained. In this case, since the value W6 is substantially 
equal to the value w,, the output is substantially equal 
to a value A/2.cos (ribi -— ¢_,). 
The second member of the equation '(2) can be also 

obtained by integrating the product output during a du 
ration 1- equal to n/2-multiple of the period of the carri 
er wave. In other words, the duration 1' is equal to a 
value 21r/wr. n, where n is a positive integer. Namely, 
the integration of a ?rst member is as follows: 

Moreover, since a value (w, = w,)t is substantially 
equal to zero in view of a condition w z w,, an integra 
tion of the second member is as follows: 

I=Ar/2- cos (¢i—¢-) (3) 

In a similar manner, a product of the received signal 
and another reference signal having a phase position 
different by 11/2 from the reference carrier is as follows: 
A cos( we! + (11,) cos (w,t + d), — 1r/2) 
= A/2.cos((wc + w,)t + d), + d), -— 11/2) 
+A/2-c0s((wc— w,)t+(¢r—¢.)+1r/2) (4) 

The second member only of the equation (4) can be 
also obtained by passing the product output into a low 

_ pass ?lter. In this case, since a value we is substantially 
equal to a value w,, the output of the low-pass ?lter is as 
ollows: 

On the other hand, if the‘ product output is integrated 
during a duration 1', an integration of the ?rst member 
of the equation (4) is as follows: 
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4 
Moreover, an integration of the second member of the 
equation (4) is as follows: 

== A/2.cos((¢, -— ¢,) + 1r/2) 

=A/2.sin(¢.—¢.) , 
This is an output of this integration. - 

If the signals indicated in the equations (3) and ( 5) 
are assumed as follows: 
yi= A r/2-c0s (4n — 4n) 
I: = T/Z-SiII (dh _ ‘1%) 

the following relationship is satis?ed. 

Therefore, a phase difference (1), between the received 
signal having a phase position do, and the reference car 
rier wave having a phase position can be indicated as 
follows: 

(5) 

(6) 
(7) 

<1» = dn — du = tan‘Bn/yi (8) 
This relationship is also obtained in a case of passing 
into the low-pass ?lter by the ratio of two outputs. 
As mentioned above, the product of the reference 

carrier wave and the received signal and the product of 
another reference wave having a phase position dif 
ferent by 1r/2 from that of the reference carrier wave 
are at ?rst obtained, and values x, and y, are obtained 
by integrating the products or passing the products into 
low-pass ?lters respectively. The phase difference (II, 
between the received signal and the reference carrier 
wave is obtained by the use of the ratio x,/y,. However, 
since a function tan"(x,/y,) is not a univalent function, 
the value (I), is not uniquely determined for a value x,~/y,~. 
Therefore, if the following relationship is assumed by 
the use of an absolute value I xJy, ] of the value x,/y,, 
the value 4), can be indicated as shown in Table l in ac 
cordance with the positive or negative conditions of the 
values x, and y,. 

TABLE I 

x, y, Quadrant Q, 

+ + ?rst (II, = '11,, 
— + second 0, =1r -— <I>,, 

— — third l1h= 1: + (bu 
+ — fourth 1Ih= 2n — 0‘, 

The value (In can be obtained as mentioned above. 
Accordingly, when a valued)“.1 of (i +1 )——th signal ele 
ment is similarly obtained, transmitted information can 
be detected by calculating a difference (1),“ -— (1),) in a . 
manner similar to the delayed detection system. 

In FIG. 2 and Table 2, codes and phase-positions of 
the eight-phase phase modulated wave are shown. By 
way of example, if a phase difference d between ad 
jacent two signal elements is included in a range 
5/8.1r<<7/8.1r, transmitted information of three bits 
is a code “100". 

In this example, codes are coded in Gray code. How 
ever, codes may be coded in other code con?gurations, 
such as normal binary codes. In Table 2, phase dif 
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ferences between adjacent two signal elements and 
Gray codes of the eight-phase phase-modulated wave 
are shown. 

Three bits of information transmissible on each signal 
element having eight possible phases or phase positions 
are shown in a left most column. The phase difference d 
is represented with respect to an immediately preced 
ing signal element as a reference. A multiplier multiply 
ing a unit phase (11/4 in this case) corresponds to a 
transmitted code. The multipliers are shown at a right 
most column while codes corresponding to the mul 
tipliers are shown at the left most column. 
With reference to FIG. 3, an example of this inven 

tion to perform the above-mentioned principle com 
prises an input terminal 1 for receiving an input phase 
modulated signal, reference signal generator 2 for 
generating the reference carrier wave fa having a 
frequency substantially equal‘ to the frequency of the 
input signal, a phase-shifter 3 having a phase shifting 
value 1r/2, modulation product circuits 4-1 and 4-2 
(e.g.; ring-modulator), integrators 5-l and 5-2 each re 
peating integration operation every time 7 equal to an 
integer multiple of one half the period of the carrier of 
the input signal, samplers 6-l and 6-2 each sampling 
the output of the integrator 5-1 or 5-2 for each signal 
element at the termination of the integrating time 7, a 
converter 7 (eg, conversion table) for converting 
respective absolute values of the samplers 6-1 and 6-2 
to the value (bio defined in the equation (9), a converter 
8 (e.g.; conversion table) for converting respective out 
puts of the sampler 6-1 and 6-2 and the value (1),, found 
at the converter 7 to the value (I), in accordance with 
Table l, a memory 9 storing respective values (I), and 
(PM of successive two signal elements, a subtracter 10 
for obtaining a difference (Chm -— (1),) to codes in ac 
cordance with Table 2, and an output terminal 12 for 
the detected code. 

In operation, the input signal is applied from the 
input terminal 1 to the modulators 4-1 and 4-2, so that 
a product of the received signal and the reference carri 
er wave f, is obtained at the output of the modulators 4 
1 while a product of the received signal and another 
reference carrier wave fb having a phase position dif 
ferent by 11/2 from the phase position of the reference 
carrier wave fa is obtained at the output of the modula 
tor 4-2. These outputs of the modulators 4-1 and 4-2 
are respectively de?ned by the equations (2) and (4) 
and applied respectively to the integrators 5-1 and 5-2 
so as to be integrated for a time substantially equal to 
an integer multiple of one half the period of the carrier. 
These integration operations are performed for each 
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6 
signal element in synchronism with bit timing pulses ap 
plied from terminals 5-0. The bit timing pulses are 
usually transmitted from the sending side but may be 
independently generated at this receiving side. The 
values y, and x, de?ned by the equations (3) and (5) 
respectively are obtained from the integrators 5~l and 
5-2 respectively. These outputs are sampled at the sam 
plers 6-1 and 6-2 respectively and applied to the con 
verters 7 and 8. The value <1)“, is obtained at the coni 
ve'rter 7 from a ratio of the absolute value Ix, I to the 
absolute value | y, I. The value <1)", and the sampled out 
puts of the samplers 6-1 and 6-2 are converted to the 
value (I), at the converter 8. The output (I), of the con 
ve'rter 8 is stored'in the memory 9, and the difference 
((1),+1 — Q‘) is obtained from the substracter l0 and ap 
plied to the code 11. At the output terminal 12, a code 
corresponding to the difference (4),,‘ — Q») is abtained. 

In the above mentioned principle, a transmitted code 
is detected by the use of a difference between values 
(DH, — (I), which are found for successive two signal ele 
ments similarly to the delayed detection system. The 
above mentioned value <1), can be applied to perform 
synchronous detection as follows. 

In this synchronous detection system, a phase regula 
tion circuit for synchronizing the phase position of a 
reference carrier wave with the received signal is not 
employed. In the above-mentioned detection principle, 
the phase position (I), of an immediately preceding 
signal element is stored to find the difference between 
this phase position (I), and a phase position (DH, of a 
succeeding signal element. In this detection system now 
mentioned, however, a code corresponding to a dif 
ference (PM —- 0, between a phase position (PM and a 
reference phase position 0, obtained in accordance 
with the received result of an immediately preceding 
signal element is found in accordance with the princi 
ple shown in Table 2. If following conditions are 
satisfied, namely: 

where “mm” is equal to a value 0, 1, 2, 3, 4, 5, 6 or 7, 
the value ‘PM is stored after changing to a value 0,“. in 
this case, it is conceivable that the stored phase posi 
tion is synchronized with the received signal. 
if a condition: 

is satis?ed, a phase difference is shown by a value (d,+1 
'_ m¢+1.'rr/4). 

If the value (dm — m,-+,.1r/4) is assumed a a value rm, a 
following condition is satis?ed. 

In this case, the phase position of signal element is in 
dicated by a value mar/4 since an eight-phase phase 
modulated wave is taken as an example. However, in a 
case of a N-phase phase-modulated wave, the phase 
position of signal element is indicated by a value 
mmr/ while a condition: —1r/N<r,<1r/N‘is satis?ed. In 
this principle, a value 0“, indicated by a following con 
dition: 



3,697,881 

is stored to compensate an error of phase position. In 
this case, “ ll I ” shows a notation of mode 21:, so that 
if the value of a sum shown within the notation exceeds 
the value 21r this‘value 21r is substracted from the sum 
to obtain the value 0,“. A difference ‘PM — 0, is found 
for the receiving of each signal element by the use of 
the phase position 11>“, of the signal element and a 
phase position 0, stored as mentioned above. 
Moreover, a code corresponding to the signal element 
is obtained from a multiplier mm of a unit phase cor 
responding to a phase difference d“, in accordance 
with the principle shown in Table 2. 
The above principle will be further described in 

details with reference to a ?ow chart shown in FIG. 4. It 
is assumed that a transmitted code is detected from an 
i-th signal element and a compensated phase position 0, 
is stored in the memory. When an (i + l)-th signal ele 
ment is received, the phase position thereof is found as 
mentioned above. In this case, a difference (PM -— 0, is 
at first calculated as shown in the flow chart of FIG. 4. 
If the difference (DH, -— 0,- is less than zero, a sum (DH, + 
Zr —-0, is found and applied to a register R. However, if 
the difference (DH, — 0, is stored in the register R. If the 
contents r of the register R do not satisfy a condition: — 
1r/8<r<1r/8, a difference r — /4 is found and “l" is 
added to a counter. Thereafter, the condition: —rr/8 
<r<1r8 is again tested. If the condition: —1r/8<r<1r/8 
is satis?ed, the contents mm of the counter at this in 
stant are coded to a code in accordance with the princi 
ple shown in Table 2 so that the code is sent out to, the 
output. Moreover, a sum I 0, + ‘Ir/4mm + Kmml is 
found from the contents rm of the register at this in 
stant and stored, as a stored phase 0H,, in the memory. 
In this case, a value K is a coefficient which meets with 
a condition: 0<K< 1. 

In the above explanation, it is assumed that a stored 
phase is already stored. However, it is not known what 
value is stored in the memory when a first signal ele 
ment is received. The stored value is compensated for 
receiving ‘of each signal element by repeating the 
above-mentioned operations, so that the stored value is 
corrected to a correct value. The speed of this cor 
rection is determined in accordance with the value of 
the coefficient K. If the coefficient K is equal to “ l ” as 
,an extreme case, this phase detection corresponds to 
the delayed phase direction in which phase detection of 
a signal element is performed with respect to the phase 7 
position of an immediately preceding signal element as 
a reference. On the other hand, if the coef?cient K is 
equal to zero, a value 0 given at ?rst is completely 
synchronized with the received signal so that this 
synchronized condition is thereafter maintained. 
With reference to FIG. 5, an example of a circuit per 

forming the above-mentioned synchronous phase de 
tection will be described. In this example, a memory 9 
is the same as the memory 9 shown in FIG. 3 and stores 
the phase position of a received signal element. A 
memory 14 stores the above mentioned stored phase 0,. 
A calculating circuit 13 (e.g.; conversion table) 
produces a difference (DH, — 0, by the use of the value 
(1)“, applied from the memory 9 and the stored phase 0, 
applied from the memory 14. If a condition: ¢,,.,— 0, 
<0is not satis?ed, the difference <I>,,,— 0, is stored in a 
register 15. However, if a condition: (13m - 0|<0 is 
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8, 
satisfied, a value in“ + 211 — 0, is stored in the register 
15. A calculating circuit 24 tests whether or not the 
contents r of the register 15 meet with a condition:' — 
1r/8<r<1r/8 in a case of detection of a eight-phase 
phase-modulated wave. If the contents r are not in 
cluded within the above range, the contents r are ap 
plied through a gate circuit 16 to a calculating circuit 
21. This calculating circuit 21 produces a difference r —— 
1r/4 which is again stored in the register 15 through a 
delay circuit 19 having a very small delay time. 
Moreover, the pulse from the calculating circuit 24 is 

applied to a counter 22. The contents r newly stored in 
the register 15 are tested by the calculating circuit 24. 
The above-mentioned condition: — 1r/8<r<1r/8 is not 
satis?ed, the above mentioned operations are repeated. 
When the condition: — 1rl8<r<1rl8 is satis?ed, the con 
tents r of the register 15 passes through a gate circuit 
17 opened in response to the pulse from the calculating 
circuit 24 and is applied to a calculating circuit 25. On 
the other hand, the contents m, of the counter 22 are 
converted to a code in a converter 23 in accordance 
with the principle shown in Table 2 to send out the 
code to an output terminal 26 through a gate circuit 18. 
The counting state of the counter 22 is reset at once in 
response to the output pulse of the calculating circuit 
24 applied through a delay circuit 20. The calculating 
circuit 25 produces'a sum 1r/2.m, + K.r by the use of the 
contents r of the register 15 and the contents m, of the 
counter 22 so as to be stored in the memory 14 and a 
new stored phase 0,. 
An example of obtaining the timing pulses for con 

trolling the integration period of the integrators (5-1 , 5 
2) will now be described. In a case where a modulation 
product of the received signal and the output of the 
reference carrier wave is performed at the modulator 
(4-1,4-2) as mentioned above, the output of the modu 
lator can be divided into two parts one of which has a 
frequency substantially equal to the frequency of the 
reference carrier wave and the other of which is a low 
frequency signal having an instantaneous level changed 
in accordance with only digital information trans 
mitted. If this low-frequency signal is separated from 
the former component by a low-pass ?lter, the timing 
pulses can be obtained so as to synchronize with 
characteristic instants of the low-frequency signal since 
the level of the low-frequency signal varies in ac 
cordance with digital information transmitted. 
Moreover, since the output of the low-pass ?lter (i.e.; 
the low-frequency signal) is proportional to values x, 
and y,, this output of the low-pass ?lter can be used in 
the place of the values x, and y‘. 
A separated channel may be employed to transmit 

bit timing information for integration and sampling. 
Moreover, it is desirable that the integrating time for 
integrating the output of the modulator (4-1, 4-2) for 
each signal element is substantially equal to an integer 
multiple of one half the period of the carrier as men 
tioned above. However, if the period of the carrier is 
suf?ciently smaller (e.g.; less than one several-th) than 
the duration of the signal element, integration error will 
be small even if the integration time is determined ir 
respective of the period of the carrier. Accordingly, the 
integration time may be determined so as to be equal to 
or smaller than the durationof the signal element ir 
respective of the period of the carrier. Furthermore, 
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the values of phase are represented in radians. How 
ever, values of phase represented in degrees can be also 
handled in this system. 

In the above explanation, it is assumed that a phase 
modulated wave is applied to the system of this inven 
tion. However, if a plurality of phase-modulated waves 
are applied to this system, common circuitry provided 
after the samplers (6-1, 6-2) can be used time-divi 
sionaly for the phase-modulated waves. Moreover, if 
the input signal is at ?rst sampled and coded to a binary‘ 
signal, all the circuits can be formed by digital circuits. 
If a high speed calculating circuit can be employed, the 
above mentioned modulation product and integration 
can be performed by a common calculating circuit. 
With reference to FIG. 6A, an example, of this inven 

tion for receiving a plurality of phase-modulated waves 
having the same frequency comprises a reference carri 
er generator II which is the same as the reference carri 
er generator 2, a phase shifter III which is the same as 
the phase shifter 3, a scanning sampler I for scanning 
input signals applied from input terminals I,, I2, I,,, 
reference carriers obtained from the reference carrier 
generator II and the phase shifter III by the use of sam 
pling pulses applied from a control circuit VII, a coder 
IV for coding the sampled output of the scanning sam 
pler I, a memory V for temporarily storing the coded 
output of the coder IV, a calculating circuit VI for per 
forming the above mentioned calculation for the con 
tents of the memory V, and the control circuit VII for 
applying timing information to the circuits I, IV, V and 
VI. 

If a read-only memory VIII is provided for semiper 
manently storing respective sampled values of the 
reference carriers after coded as shown in FIG. 6B, the 
reference carrier generator II and the phase shifter III 
can be eliminated. In this case, contents of the read 
only memory VII is repeatedly read-out without sam 
pling and coded for each sampling period as shown in 
FIG. 6A. Moreover, since two reference carriers have 
only a phase difference between each other, a common 
memory table can be used in a normal address condi 
tion and a condition where addresses are shifted from 
the normal address condition. In this case, however, a 
clock is necessarily provided in the control circuit VII 
so as to synchronize with the cycle of the reference car 
rier wave. , 

The above-mentioned explanation relates to detec 
tion operation of an eight-phase phase-modulated 
wave. However, the system of this invention can be ap 
plied to detect at least one phase-modulated wave hav 
ing 2" possible quantum phase positions for trans 
mitting n bit or bits of digital information on each signal 
element. 

In the above explanation, it is assumed that the 
modulation product circuit (4-1, 4-2) produces an out 
put signal having positive and negative possible polari 
ties. However, if the modulation product circuit (4-1, 
4-2) produces an output signal of single polarity, two 
circuits are necessary for the modulation product cir 
cuit (4-1 or 4-2). 
With reference to FIG. 7, an example of this system 

for commonly phase-detecting a plurality of phase 
modulated waves is provided with a plurality of 
reference carrier generators "-1, "-2, II-n for 
generating reference carrier waves respectively having 
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10 
the same frequency as frequencies f,, f2, f, of the 
phase-modulated waves, and a plurality of phase shif 
ters III-1, III-2, III-n. 
With reference to FIG. 8, another example of this in 

vention will now be described. This example comprises, 
an input terminal A, a PGM coder B, a code converter 
C, a reference carrier generator D, an accumulator E, a 
code converter F, a code converter G for detecting 
transmitted phase information, and an output terminal 
II. 

It is assumed that a plurality of eight-phase dif 
ferential phase-modulated waves bit-synchronized with 
each other and allocated in frequency spaces l/T I-lerz 
are applied to the input terminal A. In this case, the 
time T is equal to or slightly less than the duration of 
each signal element of the phase-modulated wave. 
Eight quantum phases and codes to be transmitted on 
one of the eight-phase differential phase-modulated 
waves are shown in FIG. 9. Vectors shown in FIG. 2 in 
dicate phase-shift from a reference phase (i.e.; phase 
position of vector MMM) in response to combination 
of mark (M) and space (S) of three channels or bits I, II 
and III. The above mentioned eight-phase differential 
phase-modulated waves are applied to the PCM coder 
B, which samples the applied signal by sampling pulses 
of several tens kilo-Herz and codes PCM codes of 10 
bits by way of example. These PCM codes are code 
converted at the code converter C by the use of two 
reference carrier waves having a phase difference 1r/2 
therebetween supplied from the reference carrier 
generator D. This code conversion corresponds to 
phase detection in an analogue system. The outputs of 
the code converter C obtained for the two reference 
carrier waves respectively are applied to the accumula 
tor E, which accumulates separately the two outputs of 
the code converter C during each signal element and 
ends out respective accumulated results at the termina 
tion of each signal element to the code converter F. 
This operation corresponds to integration operation of 
an anlogue system. If it is assumed that respective 
phase differences between one of the reference carrier 
waves and the input signal and between the other of the 
reference carrier waves and the input signal are values 
(I), and <I>,—90° respectively, the two output codes of the 
accumulator E correspond respectively voltages pro 
portional to cos (D, and sin (1), respectively. Ac 
cordingly, the two output codes of the accumulator E 
can be converted to a code representative of the value 
(I), in the code converter F as mentioned below. The 
output of the code converter F is applied to the code 
converter G, which detects transmitted digital informa 
tion in view of the principle of differential phase-modu 
lation as mentioned below. 

Respective parts of the example shown in FIG. 1 will 
be further described in details below. The PCM coder 
can adopt any type of PCM code. However, it is as 
sumed in this case that the output code of the PCM 
coder B is “a folded binary code”. Moreover, it is as 
sumed that the folded binary code is derived therefrom 
as a parallel con?guration. However, if successive logi 
cal circuitry is designed so as to perform high speed 
operation, the output code of the PCM coder B may be 
derived therefrom in serial con?guration. 
The reference carrier generator D generates, for 

each phase-modulated wave, two reference carrier 
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waves of rectangular wave form which have the same 
frequency substantially equal to the frequency of the 
phase-modulated wave and a phase-difference 90° from 
each other. 
The code converter C converts the output of the 

PCM coder B in response to respective polarities “ l " 
and “0” of the two reference carrier waves from the 
reference carrier generator D. In this case, it is assumed 
for simple explanation that the number of the phase 
modulated wave is one and the number of the reference 
carrier wave is also one. The most signi?cant digit 
(MSD) of the PCM code is compared with the polarity 
of the reference carrier wave, so that the MSD is 
modi?ed to “ l " and “0” in response to the same polari 
‘ty and different polarities of the above compared digit 
and wave. The PCM codes in which only the MSD is 
modi?ed as mentioned above are applied to the accu 
mulator E. » - 

The accumulator E accumulates the converted PCM 
codes during the duration of each signal element and 
sends out the accumulated results at the termination of 
each signal element.‘ . 

As mentioned above, respective phase detectio 
between one of the two reference carrier waves and the 
input phase-modulated wave and between the other of 
the two reference carrier waves and the input phase 
modulated wave as well as integration of the respective 
results of the phase detections are digitally performed. 
The above phase detections are time-divisionally per 
formed for the two reference waves by supplying al 
ternately the two reference carrier waves from the 
reference carrier generator D to the code converter C. 
Moreover, two stages of registers are provided at the 
accumulator E to as to be connected in cascade with 
the accumulator E while the output of the two stages of 
registers are fed back to the accumulator E, so that 
contents of a preceding one of the two stages of re 
gisters are shifted to a successive one of the two stages 
of the registers in synchronism with the switching of the 
two reference carrier waves. 
To handle a plurality of phase-modulated waves, a 

plurality of pairs of reference carrier waves are 
generated from the reference carrier generator D, and 
a plurality of combinations (two stages) of registers are 
provided in the accumulator E similarly as mentioned 
above, so that the registers are switched in synchronism 
with the switching of the carrier waves. 

If two signals applied from the accumulator E to the 
code converter F are assumed as “x” and “y”, these 
signals “x” and “y” can be indicated as A.sin ‘it, and 
A.cos (Di. This code converter F converts the values 
A.sin Q, and A.cos (D, to a value (1), indicated as a coded 
digital signal. in this case, this conversion may be per 
formed by the use of a conversion table of tan‘l z/y 
after obtaining a quotient x/y. However, division is un 
suitable to high speed logical operation. Moreover, 
since the conversion table is designed for all combina 
tions of values x and y, the device will become a very 
large size in accordance with the increase of the 
number of bits of the valuesx and y. 
To eliminate the above defect, inhibited combina 

tions of values it and y may be removed from the con 
version table. In this case, since the required value (I), is 
equal to a value tan‘bc/y, the value (I), is not varied even 
if the respective values x and y are multiplied by the 
same multiplier. Accordingly, if respective MSD of the 
values x and y are both “0”, the values x and y are both 
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12 
multiplied by a multiplier 2” (where “N" is an integer) 
to shift by N bits so that the MSD of either the value x 
or y becomes always “1". Thereafter, combinations in 
each of which MSD of both the values x and y assume 
“0” are eliminated to increase preciseness. In Table 3, 
examples of inhibited combinations in a case where 
values it and y are each indicated by three bits of binary 
information are shown by mark (*) 

TABLE 3 
Inhibited Inhibited 
combinations x y combinations x y 

000 000 l 00 000 
" 000 00 l l 00 00 l 
* 000 0 l 0 l 00 0 l 0 
" 000 0 l l l 00 O l l 

000 l 00 l 00 l 00 
000 l 0 l l 00 l 0 l 
000 l l 0 l 00 l l 0 
000 l l l l 00 l l l 

' 00 l 000 l 0 l 000 
' 00 l 00 1 l 0 l 00 l 
* 00 l 0 l 0 . l 0 l 0 l 0 
" 00 1 0 l l l 0 l 0 l l 

00 l l 00 l 0 l l 00 
00 l 1 0 l l 0 l l 0 l ' 
00 l l l 0 l 0 l I l 0 
00 l 1 l l l 0 l l l l 

" 0 l 0 000 l l 5 000 
’ O l 0 00 1 l l 0 00 l 
' _ 0 l 0_ 0 l 0 l l 0 0 l 0 
' 010 01 l 1 10 0l 1 

010 100 l 10 100 
010 101 1 10 101 
010 1 l0 1 10 l l 0 
1 l0 1 l l . 110' l l l 
0 l l 090 l l l 000 

s 0 l l 001 l l l 001 
s 011910 lll 010 
‘i 0 l l 01 1 l l l 0] l 
a O l l 100 l l l 100 

01 l 101 1 l l .101 
0] l l 10 l l l l l 0 
01 1 1 l 1 l l l l l I 

An example of the code converter F to perform the 
above-mentioned operation shown in FIG. 10 com-_ 
prises a shift register 21 shifting signals x and y applied 
from terminals 20-1 and 20-2 respectively, a conver 
sion table 22 formed by a semipermanent memory by 
way of example, and a modi?er 23 modifying the out 
put of the conversion table 22 by the use of the shifted 
information from the shift register 21. ' 
As mentioned above, the output of the code con 

verter F for one of the phase-modulated waves 
becomes codes each indicative of a phase difference 
between the input phase-modulated wave and either 
one of the two reference carrier waves. If it is assumed 
that each of the output codes of the code converter F is 
formed by eight bits of binary information, one 
complete phase cycle 360° can be represented by 256 
steps. Accordingly, each of the quantum phase posi 
tions is precisely indicated by the use of a minimum 
value 360°l256 (z 14°). In a case where the input 
phase-modulated wave has eight quantum phase posi 
tions, the contents of the eight bits of binary informa 
tion vary for each signal element by a value equal to an 
integer multiple of a unit quantum phase 45° except the 
combination of polarities MMM of three channels as 
shown in FIG. 9. Moreover, a phase difference between 
adjacent two signal elements effectively varies in ac 
cordance with a frequency difference between the 
input phase-modulated wave and the two reference 
carrier waves. Accordingly, this phase difference (I). 
can be indicated as follows in a case of eight quantum 
phases. 
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where 
K: an integer 0. l, 2, 3, 4, 5, 6 or 7 determined in ac 
cordance with the principle shown in FIG. 9; 

6,: a phase difference between the phase-modulated 
wave and the two reference carrier waves; and 
an integer determined so as to make a value (0, 
n.7r/4) less than the unit phase 'rr/4. Accordingly, 
the phase difference 6, can be indicated by the use 
of a value less than the unit phase 11/4. Since an 
angle less than the unit phase 11/4 can be indicated 
by lower value five bits in a pure binary code, the 
drift of the phase can be detected from the lower 
value ?ve bits while a shift value between any two 
of the eight quantum phase positions and equal to 
an integer multiple of the unit phase 1r/4 can be in 
dicated by the upper value three bits. 

With reference to FIG. 11, an example of the code 
converter G will be described. In FIG. 11, a signal e,” 
shows that this signal e consists of ?ve digits from a 
fourth digit to an eight digit by way of example. The 
input of this code converter G applied from the code 
converter F is shown as a signal a,8 and applied to a 
cascade arrangement of a subtracter S,, a code con 
verter C, and an accumulator I,. This cascade arrange 
ment is smoothing means for compensating the above— 
mentioned phase ?uctuation less than the unit phase 
1r/4. The accumulator I, performs an integration opera 
tion as mentioned above, and digits b,“ from output 
digits b, ‘l of this accumulator I, are fed back to the sub 
tracter S,, in which the digits b,8 are subtracted from 
the digits a,5. Digits bf‘ and digits b,11 are neglected 
without feedback to the subtracter 8,. However, the 
digits b,3 are shifted by three digits to higher digits so 
that the feed back value is multiplied by one-eighth. As 
the subtraction of the digits bf from the digits a,5 at the 
subtracter 8,, an error 0,5 from a desired value of com 
pensation is obtained from the subtracter S, as a posi 
tive value since the digits 0,8 show only positive values. 
However, if negative digits are desirable to raise the 
convergent speed of the compensated output b,“, the 
digits 0,5 are converted to negative digits at the code 
converter C,. If it is assumed that the digits 0,5 are in 
dicated by a pure binary code and the error shown by 
the digits 0,5 increases, the digits c,5 vary from a state 
“0 0 0 0 0” to a state “1 l l l l” and then restores to 
the state “0 O O 0 0”. In this case, the convergent speed 
of the output digits b,‘1 becomes higher in a case where 
a range from a state “0 0 0 0 0” to a state “0 l l l l” is 
positive while a range from a state “I O 0 0 0” to a state 
“I l l l” is negative. Accordingly, if the digits c,5 are 
included in the range from the state “ 0 O 0 0 O” to the 
state “0 l l l l”, the digits c,5 are applied to the accu 
mulator 1, without code-conversion in the code-conver 
sion in the code converter C,. In this case, the accumu 
lator l, successively adds the error signals (0,5) until 
convergence. However, if the digits 0,5 exceed the state 
“1 0 0 0 0”, the digits c,5 are converted to a code which 
corresponds to a sum of the digits c,5 and a number 
“201 6”indicated by a decimal representation. In other 
words, while the digits c,5 more than the states “I 0 0 0 
0” correspond to numbers sixteen to thirty-one in 
dicated by a decimal representation, the digits c,5 are 
converted to any of numbers minus 16 to minus I. To 
perform this operation, since the accumulator I, is 
designed so as to have eleven bits of code configura 
tion, complements for the full range (i.e.; 2048 of 
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decimal representation) of the 11 bits of information' 
are produced in the code converter C, if the error is 
negative. The l 1 bits of code configuration at the accu 
mulator 1, consists of eight bits covering 2w radians and 
three bits for shifting by three bits as feed back. Ac 
cordingly, if the error is a number “31”, this error is 
converted at the code converter C, to a number 31 + 
2016 = 2047. In this case, “1" is subtracted from the 
contents of the accumulator I,. As mentioned above, 
the contents of the accumulator l, is accumulated in 
the positive direction until a value + 15 of the error and 
in the negative direction until a value — 16 of the error. 
Accordingly, phase error included in the output of the 
code converter F is effectively compensated in the 
compensation means comprising the circuits 8,, C, and 
11. 

Since the reference carrier generator D is provided 
independently against the input phase-modulated 
wave, the reference carrier wave and the input phase 
modulated wave have usually a frequency difference df. 
In this case, the above mentioned phase difference (I), 
drifts in a speed 21r.df.t. If the phase difference (I), in 
creases as mentioned above, the above mentioned 
compensation means cannot compensate the error 
since the compensation operation of the compensation 
means is delayed as shown in FIG. 12. If the drift is 
negligible in comparison with the unit phase 7T/4, it is 
not necessary to compensate this drift. However, if the 
frequencies of the reference carrier wave and the input 
phase-modulated wave are incorrect, the drift must be 
compensated. A cascade arrangement comprising a 
subtractor 8,, a code converter 0,», an accumulator I2 
and a code converter C3 is means for compensating this 
drift. The subtractor 8,, the code converter C2 and the 
accumulator I, forms compensating means similar to 
the cascade arrangement of the circuits 8,, C, and 
I2 mentioned above to compensate a drift compo 
nent in the digits 0,5. In this case, however, the code 
converter C2 produces complements for a range 
256 different from the range of the code converter 
C,. In other words, since the output e,8 of the ac 
cumulator I2 is formed by eight bits and the full 
range of this eight bits corresponds to the number 
256, the output gfiof the subtracter S2 becomes a 
number “3] + 224 = 255” in a case where the output 
f,5 is equal to a number 31. The compensated output e,8 
is applied to a code converter C3, in which the digits e,8 
are converted to negative information so that the digits 
e,” are subtracted from the digits b," at an adder A, if 
the direction of the drift is negative. For this purpose, a 
number “224” is added to the digits e.,8 at the converter 
C2 similarly to the converter C, if the digits e,8 are in 
cluded in a range from 16 to 31. 

As mentioned above, the digits b,“ obtained after 
normal compensation operation by the circuits 8,, C, 
and I, and the digits h,8 obtained after drift-compensa 
tion operation by the circuits 8,, C2, 1, and C3 are added 
to each other at the adder A,, so that phase-drift and 
phase-error caused by the reference carrier wave 
generated independently to the input phase-modulated 
wave can be detected completely without no delay by 
the use of compensation technique mentioned above. It 
is very dif?cult to perform digitally in a high precise 
manner this detection operation of phase-error by an 
automatic phase control circuit having a feed back loop 
if the number of digit is small. 
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The above-mentioned correcting digits i1B obtained 
from the adder Al correctly indicates phase error. Ac 
cordingly, the phase error and phase drift included in 
the digits a18 is eliminated by subtracting the correcting 
digits i,8 from the input digits a,8 at a subtracter S3, 
However, noise included in the input phase-modu 

lated wave causes slight jitter at each quantum phase 
position. Since the digits jss and the polarity combina 
tions of three bits included in a signal element of the 
phase-modulated wave are shown in Table 4, the jitter 
caused by the noise is eliminated by adding digits R‘ to 
the digits j5a at an adder A2 so as to perform addition of 
a value 'rr/ 8 and to produce digits [2‘ shown in Table 4. 

TABLE 4 

Polarity 
11.121“; 1.13111. 

combinations 
0 0 0 M M M 0 O 0 l 

0 0 O l O O l O 
0 0 l 0 M M S 0 'O l l 
0 0 l l 0 l 0 0 
0 l 0 0 M S S 0 l 0 l 
0 l O l 0 l l O 
0 i l l 0 M S M 0 l l l 
0 I l l l O O O 
l O O O S S M l 0 0 l 
l O 0 l l O l O 
I 0 l 0 S S S l O l l 
l O l l l l O O 
l l O 0 S M S l l O l 
l I O l l l l O 
l l l 0 I S M M l l l l 
l l l l 0 0 0 0 

A delay circuit DEL is provided so that output digits 
m3‘ indicate an immediately preceding signal element. 
Accordingly, when the digit m3‘ is subtracted from 
digits 124 at a subtracter S4, differential phase modula 
tion component is eliminated, so that digits n13 
represent a ?xed-reference phase-modulated signal. 

Since the digits n13 are pure binary codes while tee 
phase-modulation of the input differential-phase modu 
lated wave is performed by Gray code, the digits n13 are 
converted to Gray code to obtain an correct output. 

If a plurality of phase-modulated waves are applied 
to the input terminal A, the accumulators l, and I2 and 
the delay circuit DEL must be added more circuits in 
proportion to the increase of the number of the phase 
modulated waves in the codeconverter G. 
The above mentioned example mentioned with 

reference to FIGS. 8, l0 and 11 can be also applied to 
demodulate a phase-modulated wave or waves having 
2" quantum phase positions for transmitting n-bits of 
binary information by each signal element as well as the 
phase-modulated wave of eight-quantum 'phase. 
Moreover, if a ?xed-reference phase modulated wave 
or waves is/are to be demodulated, the delay circuit 
DEL and the subtracter 5, may be eliminated so that 
the output of the adder A2 is directly applied to the 
code converter C,. 
What we claim is: 
l. A phase detection system for at least one digital 
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phase-modulated wave, comprising: 

an input terminal for receiving a digital phase-modu 
lated wave; 

a reference phase generator having means for 
generating a first reference carrier and a second 
reference carrier each having a frequency substan 
tially equal to the frequency of said digi al phase 
modulated wave and having a phase difference 90° 
therebetween; 

modulation product meanscoupled to the input ter 
minal and the reference phase generator to 
produce a ?rst modulation product of the first 
reference carrier and the digital phase-modulated 
wave and to produce a second modulation product 
of the second reference carrier and the digital 
phase-modulated wave; 

conversion means coupled to the modulated product 
means to convert the ?rst modulation product and 
the second modulation product to a converted 
signal indicative of a value corresponding to a 
phase difference between the digital phase-modu 
lated wave and one of said ?rst and second 
reference carriers; and 

comparison means coupled to the conversion means 
to compare the converted signal with one of a plu 
rality of possible discrete phase positions of the 
digital phase modulated wave so as to perform 
phase-detection of the digital phase-modulated 
wave. , 

2. A phase detection system according to claim 1, in 
which the conversion means comprises a pair of in 
tegrators each performing integration for each signal 
element of the digital phase-modulated wave. 

3. A phase detection system according to claim 1, in 
which the conversion means comprises a pair of low 
pass ?lters. 

4. A phase detection system according to claim 1, in 
which the system further comprises compensation 
means coupled to the comparison means to subtract a 
phase corresponding to a transmitted code and the 
reference phase from the phase position of the phase 
modulated wave to obtain a phase error and having 
means to perform the phase compensation of the 
reference phase by the use of the phase error. 

5. A phase detection system according to claim 1, in 
which the system further comprises a PCM coder ar 
ranged between the input terminal means and the 
modulation product means. 

6. A phase detection system according to claim 5, in 
which the comparison means comprises phase-error 
detection means for detecting phase-error from lower 
digit values of the converted signal, a subtractor cou 
pled to the conversion means and the phase~error de 
tection means for subtracting the phase-error from all 
digit values of the converted signal, and demodulation 
means coupled to the subtractor for performing 
demodulation of the phase modulated wave by the use 
of higher bits only of the output digital values of the 
subtractor. 


