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TECHNICAL  FIELD 

The  present  invention  relates  to  a  transmitting 
apparatus  and  a  receiving  apparatus  based  on  a 
new  phase  modulation  method  obtained  by  improv- 
ing  a  PSK  (Phase  Shift  Keying)  method  or  an  MSK 
(Minimum  Shift  Keying)  method. 

BACKGROUND  ART 

Fig.  1  shows  a  diagrammatical  structure  of  a 
modulator  using  a  quadrature  phase  shift  keying 
(QPSK)  method  known  in  the  art.  A  transmission 
signal  supplied  as  base  band  data  is  decomposed 
into  single  bits  ik  and  qk  alternately  by  a  distributor 
2,  and  is  inputted  to  balanced  modulators  8  and  10 
through  roll-off  filters  4  and  6,  respectively.  A  bi- 
nary  phase  shift  keying  (BPSK)  signal  is  obtained 
at  each  output  of  the  balanced  modulators  8  and 
10.  The  phase  of  the  carrier  wave  generated  by  a 
carrier  wave  generator  12  is  shifted  by  90  degrees 
by  a  phase  shifter  14,  and  hence  the  phases  of  the 
two  carrier  waves  differ  by  90  degrees.  Therefore, 
a  quadrature  PSK  signal  is  obtained  by  composing 
vectors  of  the  two  BPSK  signals  by  an  adder  16, 
and  then  by  removing  unnecessary  frequency 
components  by  a  band-pass  filter  18. 

The  modulated  signal  by  QPSK  is  expressed 
by  the  following  equation. 

S(t)  =  (ikcoscoct  +  qksincoct)  A/2  (1) 

In  this  case,  modulated  signal  by  BPSK  is 
obtained  at  the  output  of  either  the  balanced 
modulator  8  or  10  shown  in  Fig.  1,  and  is  ex- 
pressed  by  the  following  equation. 

S(t)  =  ikcosc»ct  (1A) 

Fig.  2  shows  phase  changes  in  QPSK.  Let  us 
consider  the  case  where  the  phase  of  the  signal 
changes  from  the  signal  point  Pi  to  P2  (a  phase 
rotation  amount  is  180  degrees),  or  from  the  signal 
point  Pi  to  P4  (a  phase  rotation  amount  is  90 
degrees)  .  In  an  ideal  case  where  these  phase 
changes  occur  for  the  zero  time  period,  the  phase 
locus  passes  along  the  l-axis  or  the  Q-axis,  and  the 
envelope  of  the  QPSK  signal  is  maintained  con- 
stant.  Actual  phase  changes,  however,  spend  finite 
times,  and  the  phase  loci  are  apart  from  the  l-axis 
and  Q-axis,  thereby  resulting  in  dips  as  shown  in 
Fig.  3.  For  example,  when  the  phase  rotation 
amount  is  180  degree,  the  amplitude  dips  to  ap- 
proximately  zero  because  the  phase  change  locus 
passes  through  a  neighborhood  of  the  zero  point, 
and  dips  3  dB  when  90  degree  change  occurs. 

Thus,  since  the  phase  loci  draw  a  curve  apart 
from  the  l-axis  and  Q-axis,  finite  times  are  required 

for  the  phase  changes,  and  the  level  of  the  en- 
velope  changes  at  phase  transitional  points. 

The  level  changes  which  occur  at  these  phase 
transitional  points  (1)  are  not  involved  in  information 

5  transmission,  and  (2)  widen  a  transmission  band- 
width  due  to  the  level  changes,  and  are  counted  as 
drawbacks. 

MSK  as  shown  in  Fig.  4  is  known  as  another 
technique  similar  to  PSK.  The  modulated  signal  by 

70  MSK  is  expressed  by  the  following  equation. 

S(t)  =  [ikcoscort]coscoct  +  [qksincort]sincoct  (2) 

This  shows  that  MSK  is  equivalent  to  using 
15  half-period  sinusoidal  waves,  whose  phases  differ 

by  90  degrees  from  each  other,  instead  of  square 
pulses  of  the  input  signal  used  in  the  QPSK  modu- 
lation  circuit  as  shown  in  Fig.  1.  MSK  is  character- 
ized  in  that  it  has  little  degradation  in  characteris- 

20  tics  such  as  phase  distortion  even  in  a  nonlinear 
transmission  line  having  a  saturation  characteristic, 
because  MSK  includes  no  discontinuous  transitions 
of  the  carrier  waves  and  has  an  envelope  of  a 
constant  amplitude. 

25  The  phase  of  MSK  draws  a  spatial  locus  that 
rotates  clockwise  or  counterclockwise  in  accor- 
dance  with  "0"  or  "1  "  of  the  transmission  data.  In 
other  words,  MSK  transmits  information  using  posi- 
tive  and  negative  rotational  directions.  MSK,  how- 

30  ever,  does  not  use  the  non-rotational  state  as  in- 
formation. 

DISCLOSURE  OF  THE  INVENTION 

35  It  is  therefore  an  object  of  the  present  invention 
to  provide  a  transmitting  apparatus  and  a  receiving 
apparatus  based  on  a  new  phase  modulation  meth- 
od  which  makes  it  possible  to  provide  an  efficient 
data  transmission  by  positively  utilizing  level 

40  changes  at  phase  transitional  points  during  phase 
modulation. 

Another  object  of  the  present  invention  is  to 
improve  the  data  transmission  efficiency  by  posi- 
tively  utilizing  the  non-rotational  state  of  the  phase 

45  locus  in  addition  to  the  positive  and  negative  rota- 
tional  directions  of  the  locus. 

According  to  a  first  aspect  of  the  present  in- 
vention,  there  is  provided  a  transmitting  apparatus 
based  on  phase  modulation,  comprising: 

50  data  conversion  means  for  dividing  input  data 
to  be  transmitted  into  every  predetermined  number 
of  bits,  and  for  sequentially  outputting  the  predeter- 
mined  number  of  bits  as  segmented  data; 

phase  locus  control  means  for  outputting  a 
55  phase  locus  control  signal  that  represents  each  of 

the  segmented  data  by  using  ternary  phase  rota- 
tion  information  corresponding  to  a  positive  direc- 
tion,  a  negative  direction  and  a  non-rotation  state  of 

3 
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phase  rotation  directions;  and 
modulation  means  for  modulating  the  phase  of 

a  transmission  signal  in  response  to  the  phase 
locus  control  signal. 

Here,  the  phase  locus  control  means  may  out- 
put  the  phase  locus  control  signal  representing  the 
segmented  data  by  the  ternary  phase  rotation  in- 
formation  associated  with  the  direction  of  the  phase 
rotation,  and  by  a  phase  at  which  the  phase  rota- 
tion  starts. 

According  to  a  second  aspect  of  the  present 
invention,  there  is  provided  a  receiving  apparatus 
based  on  phase  modulation,  which  receives  a 
phase  modulation  signal  formed  by  changing  the 
phase  of  a  signal  in  accordance  with  a  phase  locus 
control  signal  which  is  formed  by  dividing  input 
data  to  be  transmitted  into  segmented  data  of  a 
predetermined  number  of  bits,  and  by  representing 
each  of  the  segmented  data  sequentially  by  ternary 
phase  rotation  information  which  corresponds  to  a 
positive  direction,  a  negative  direction  and  a  non- 
rotation  state  of  phase  rotation  directions,  the  re- 
ceiving  apparatus  comprising: 

a  phase  detector  detecting  the  phase  modula- 
tion  signal; 

phase  locus  demodulation  means  for  de- 
modulating  the  phase  locus  control  signal  from  an 
output  of  the  phase  detector;  and 

decoding  means  for  decoding  the  phase  rota- 
tion  signal  into  the  segmented  data. 

According  to  a  third  aspect  of  the  present 
invention,  there  is  provided  a  transmitting  and  re- 
ceiving  apparatus  based  on  phase  modulation, 
comprising: 

data  conversion  means  for  dividing  input  data 
to  be  transmitted  into  every  predetermined  number 
of  bits,  and  for  sequentially  outputting  the  predeter- 
mined  number  of  bits  as  segmented  data; 

phase  locus  control  means  for  outputting  a 
phase  locus  control  signal  that  represents  each  of 
the  segmented  data  by  using  ternary  phase  rota- 
tion  information  corresponding  to  a  positive  direc- 
tion,  a  negative  direction  and  a  non-rotation  state  of 
phase  rotation  directions; 

modulation  means  for  modulating  the  phase  of 
a  transmission  signal  in  response  to  the  phase 
locus  control  signal. 

a  phase  detector  detecting  the  transmission 
signal; 

phase  locus  demodulation  means  for  de- 
modulating  the  phase  locus  control  signal  from  an 
output  of  the  phase  detector;  and 

decoding  means  for  decoding  the  phase  rota- 
tion  signal  into  the  segmented  data. 

The  present  invention  utilizes  the  non-rotational 
state  in  addition  to  the  positive  and  negative  rota- 
tional  directions  that  the  spatial  phase  locus  draws, 
and  defines  these  as  ternary  rotational  direction 

information,  thereby  using  the  fact  that  the  trans- 
mission  of  n-pieces  of  the  ternary  rotational  direc- 
tion  information  corresponds  to  transmitting  a  3"-bit 
signal.  Furthermore,  combining  the  rotational  direc- 

5  tion  information  with  the  rotation  start  phases  can 
further  improve  the  transmission  rate.  Moreover, 
changing  the  spatial  phase  locus  can  also  improve 
the  transmission  rate. 

w  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  block  diagram  showing  the  arrange- 
ment  of  a  conventional  quadrature  PSK  (QPSK) 
modulator; 

75  Fig.  2  is  a  schematic  diagram  illustrating  phase 
changes  in  the  modulator  of  Fig.  1; 
Fig.  3  is  a  diagram  illustrating  changes  in  an 
envelope  occurring  during  the  phase  changes  of 
Fig.  2; 

20  Fig.  4  is  a  block  diagram  showing  the  arrange- 
ment  of  a  conventional  MSK  modulator; 
Fig.  5  is  a  block  diagram  showing  the  entire 
arrangement  of  a  first  embodiment  of  a  transmit- 
ting  apparatus  and  a  receiving  apparatus  based 

25  on  the  phase  modulation  method  in  accordance 
with  the  present  invention; 
Fig.  6  is  a  block  diagram  showing  the  arrange- 
ment  of  a  transmitting  apparatus  shown  in  Fig. 
5; 

30  Fig.  7  is  a  block  diagram  showing  the  arrange- 
ment  of  the  data  encoding  portion  shown  in  Fig. 
6; 
Fig.  8  is  a  block  diagram  showing  the  arrange- 
ment  of  the  receiving  apparatus  shown  in  Fig.  5; 

35  Fig.  9A  is  a  diagram  illustrating  a  conventional 
BPSK; 
Fig.  9B  is  a  diagram  illustrating  the  basic  princi- 
ple  of  the  BPSK  (modified  BPSK)  in  accordance 
with  the  present  invention; 

40  Figs.  10A  and  10B  are  tables  showing  relation- 
ships  between  phase  rotation  states  and  seg- 
mented  data  in  the  first  embodiment; 
Fig.  11  is  a  table  showing  relationships  between 
phase  rotation  states  and  segmented  data  under 

45  the  condition  that  the  phase  rotation  directions 
and  phase  rotation  starting  positions  are  inde- 
pendently  determined  without  any  physical  con- 
straint  in  Figs.  10A  and  10B; 
Fig.  12  is  a  block  diagram  showing  the  arrange- 

so  ment  of  a  major  portion  of  a  second  embodi- 
ment  of  the  transmitting  apparatus  based  on  the 
phase  modulation  method  in  accordance  with 
the  present  invention; 
Fig.  13  is  a  table  showing  relationships  between 

55  phase  rotation  states  and  segmented  data  in  the 
second  embodiment; 
Fig.  14  is  a  table  showing  relationships  between 
phase  rotation  amounts  and  segmented  data 

4 
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under  the  condition  that  the  phase  rotation  direc- 
tion  is  positive  or  negative  in  a  third  embodi- 
ment  of  a  transmitting  apparatus  and  a  receiving 
apparatus  based  on  the  phase  modulation  meth- 
od  in  accordance  with  the  present  invention; 
Fig.  15  is  a  table  showing  relationships  between 
phase  rotation  amounts,  absolute  values  of 
phase  rotation  starting  positions,  and  segmented 
data  under  the  condition  that  the  phase  rotation 
direction  is  positive  or  negative,  and  the  phase 
rotation  directions  and  phase  rotation  starting 
positions  are  independently  determined  without 
any  physical  constraint  in  a  fourth  embodiment 
of  a  transmitting  apparatus  and  a  receiving  ap- 
paratus  based  on  the  phase  modulation  method 
in  accordance  with  the  present  invention;  and 
Fig.  16  is  a  block  diagram  showing  the  arrange- 
ment  of  a  function  generator  for  producing  a 
phase  locus  in  the  form  of  a  circle,  ellipse  or 
polygon. 

BEST  MODE  FOR  CARRYING  OUT  THE  INVEN- 
TION 

The  invention  will  now  be  described  with  refer- 
ence  to  the  accompanying  drawings. 

EMBODIMENT  1 

This  embodiment  uses  serial  data  as  input  data 
to  be  transmitted,  and  BPSK  as  a  phase  modulator. 
Figs.  9A  and  9B  are  schematic  diagram  illustrating 
the  difference  between  a  conventional  BPSK  and 
BPSK  (called  modified  BPSK  hereinafter)  in  accor- 
dance  with  the  present  embodiment.  Although  in 
the  prior  art,  the  phases  are  switched  between  0 
and  77,  the  present  invention  employs  a  three  value 
system  by  adding  information  of  non-rotation  to  the 
phase  rotation  directions  of  +  and  -.  More  specifi- 
cally,  the  embodiment  takes  account  of  the  fact 
that  it  takes  a  certain  time  period  for  phase 
changes  to  occur,  and  controls  phase  change  loci 
by  intentionally  utilizing  the  time  period  to  generate 
the  three  values,  thereby  improving  the  information 
transmission  speed. 

Fig.  5  is  a  block  diagram  showing  the  entire 
arrangement  of  a  first  embodiment  of  a  transmitting 
apparatus  and  a  receiving  apparatus  based  on  the 
phase  modulation  method  in  accordance  with  the 
present  invention. 

In  this  figure,  the  reference  numeral  100  de- 
notes  a  data  encoding  portion.  The  data  encoding 
portion  100  divides  the  serial  input  data  into  every 
4  bits,  to  prepare  segmented  data  di  -  di  g  as 
shown  in  Figs.  10A  and  10B.  For  example,  di  is 
0000,  d2  is  0001  and  die  is  1111.  The  seg- 
mented  data  di  -di  g  are  represented  by  a  com- 
bination  (<j>k,  qk)  of  binary  data  <j>k  and  ternary  data 

qk.  Here,  the  binary  data  <£k  (=  0,  n)  designates 
the  starting  position  of  the  phase  rotation  shown  in 
Figs.  10A  and  10B,  where  <£k  =  0  when  the  starting 
position  is  0,  and  <£k  =  -n  when  the  starting  position 

5  is  7T.  On  the  other  hand,  the  ternary  data  qk  (=  +, 
0,  -)  takes  +  (or  +1)  when  the  phase  rotation 
direction  is  positive  (counterclockwise),  0  when  the 
phase  does  not  rotate,  and  -  (or  -1)  when  the  phase 
rotation  direction  is  negative.  Each  segmented  data 

io  is  represented  by  two  data  (phase  data)  DA  (=  <£k, 
qk)  and  DB  (=  4>k+i.  qk+1).  For  example,  the  seg- 
mented  data  di  is  represented  as  (0,  +)  and  (tt, 
+  )  because  it  is  specified  by  a  positive  rotation 
from  0  followed  by  a  positive  rotation  from  -n. 

is  Likewise,  the  segmented  data  67  is  represented  as 
(tt,  0)  and  (tt,  -).  The  data  dx1  and  dx2  will  be 
described  later. 

The  phase  data  (<£k,  qk)  outputted  from  the  data 
encoding  portion  100  are  supplied  to  a  phase  locus 

20  control  portion  200,  and  are  converted  into  a 
sinusoidal  wave  including  information  on  the  rota- 
tion  direction  and  rotation  starting  position.  Specifi- 
cally,  the  phase  locus  control  portion  200  converts 
the  phase  data  (<£k,  qk)  into  a  phase  locus  control 

25  signal  represented  by  the  following  expression,  and 
outputs  the  signal. 

sin(qksinc»rt  +  $  k)  (3) 

30  where  o>r  is  the  angular  velocity  of  the  phase  rota- 
tion.  Here,  the  present  invention  is  characterized  in 
that  the  rotation  direction  information  qk  takes  three 
values  of  (  +  ,  0,  -). 

The  phase  locus  control  signal  outputted  from 
35  the  phase  locus  control  portion  200  is  phase  modu- 

lated  into  a  modified  BPSK  signal  by  a  modulator 
300.  The  modulator  300  is  the  same  as  the  con- 
ventional  balanced  modulator  as  shown  in  Fig.  1. 
The  above  is  the  construction  of  the  transmitting 

40  apparatus.  The  modified  BPSK  generated  by  the 
transmitting  apparatus  is  transmitted  to  a  receiving 
end  via  a  wire  or  wireless  transmission  line  400. 

The  receiving  apparatus  is  constructed  as  fol- 
lows: 

45  The  signal  transmitted  through  the  transmis- 
sion  line  400  is  phase  detected  by  a  phase  detec- 
tor  500.  The  phase  detector  500  is  the  same  as  a 
conventional  phase  detector.  This  phase  detection 
produces  the  phase  locus  control  signal  given  by 

50  expression  (3),  which  is  supplied  to  a  phase  locus 
demodulation  portion  600. 

The  phase  locus  demodulation  portion  600  de- 
modulates  qkc»r  and  <£k  from  the  phase  locus  con- 
trol  signal  inputted  thereto,  and  supplies  them  to  a 

55  data  decoding  portion  700.  The  data  decoding  por- 
tion  700  obtains  the  phase  data  (<£k,  qk)  from  the 
signals  qkc»r  and  <£k,  decodes  them  into  the  seg- 
mented  data  di  -  die,  and  outputs  them. 

5 
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Fig.  6  is  a  block  diagram  showing  a  detailed 
arrangement  of  transmitting  apparatus  shown  in 
Fig.  5.  The  data  encoding  portion  100  includes  a  4- 
bit  shift  register  102  which  divides  the  input  data 
into  every  four  bits  to  generate  the  segmented  data 
di  -di6  shown  in  Figs.  10A  and  10B,  a  matrix 
circuit  104  for  converting  the  segmented  data  di  - 
di6  into  consecutive  two  phase  data  DA  and  DB,  a 
hexadecimal  switch  group  106  which  outputs  16  (4- 
bit)  reference  values,  and  a  table  switching  control 
portion  150  which  will  be  described  later. 

Fig.  7  is  a  block  diagram  showing  a  more 
detailed  construction  of  the  data  encoder  100.  The 
parallel  4-bit  data  outputted  from  the  4-bit  shift 
register  102  are  supplied  to  16  data  comparing 
portions  111  -  126.  Each  of  the  data  comparing 
portions  111  -  126  outputs  a  signal  (1111)  when  the 
segmented  data  associated  with  that  data  compar- 
ing  portion  is  inputted.  For  example,  the  data  com- 
paring  portion  111  outputs  a  4-bit  signal  (1111) 
when  the  segmented  data  di  (0000)  is  inputted, 
and  the  data  comparing  portion  112  outputs  a  4-bit 
signal  (1111)  when  the  segmented  data  d2  (0001) 
is  inputted.  For  this  purpose,  each  data  comparing 
portion  is  provided  with  a  hexadecimal  switch 
106m  (m  is  one  of  1  -  16),  and  four  comparators 
CMP.  The  hexadecimal  switches  produce  reference 
values  for  determining  the  segmented  data  di  - 
die-  For  example,  the  hexadecimal  switch  1061  in 
the  data  comparing  portion  111  outputs  the  value 
(0000)  corresponding  to  di  ,  and  the  hexadecimal 
switch  in  the  data  comparing  portion  112  outputs 
the  value  (0001)  corresponding  to  d2.  Each  com- 
parator  CMP  compares  the  corresponding  bits  from 
the  hexadecimal  switch  and  the  shift  register  102, 
and  outputs  1  if  they  agree,  and  0  if  disagree.  The 
4-bit  outputs  from  the  comparing  portions  111  - 
126  are  supplied  to  4-input  AND  gates  131  -  146, 
respectively.  Thus,  the  AND  gate  131  outputs  1 
only  when  the  input  data  is  di  ,  and  the  AND  gate 
132  outputs  1  only  when  the  input  data  is  62-  The 
remaining  AND  gates  operate  in  a  similar  manner. 
For  example,  the  AND  gate  146  outputs  1  only 
when  the  input  data  is  di  g  ■ 

The  segmented  data  di  -  di  g  are  supplied  to 
the  matrix  circuit  104.  The  matrix  circuit  104  has  an 
ordinary  matrix  for  the  data  conversion,  and  con- 
verts  the  segmented  data  di  -  di  g  and  the  table 
switching  data  dx1  and  dx2  into  phase  data  DA  and 
DB  as  shown  in  Figs.  10A  and  10B.  The  matrix 
circuit  104  further  comprises  an  input  buffer  for 
storing  the  input  data  fed  from  the  AND  gates  131  - 
146,  a  delay  element  for  delaying  a  signal  by  a 
two-clock  interval,  an  output  buffer  for  storing  the 
phase  data  DA  and  DB,  and  a  table  switching  de- 
tecting  circuit  for  detecting  the  table  switching. 

Referring  to  Figs.  10A  and  10B,  the  table 
switching  will  be  described.  As  described  above, 

the  segmented  data  di  -  diG  are  each  represented 
by  a  pair  of  phase  data  DA  (=  <£k,  qk)  and  DB  (  = 
4>k+i.  qk+1).  In  this  case,  if  the  <£k  and  qk  are 
completely  independent  of  each  other,  the  phase 

5  data  can  take  six  values  as  shown  in  Fig.  11 
because  each  value  of  the  binary  data  <£k  can  take 
three  values  determined  by  the  ternary  data  qk. 
Therefore,  a  pair  of  (<£k,  qk)  can  designates  36  (=  6 
x  6)  segmented  data.  In  general,  however,  the  data 

10  <t>k  and  qk  are  not  independent  of  each  other. 
Consider  the  segmented  data  di  ,  for  example. 
When  the  phase  locus  starts  to  rotate  from  the 
rotation  starting  position  of  0  in  the  direction  of  +  , 
it  is  constrained  to  start  next  from  the  rotation 

15  starting  point  of  -n.  In  other  words,  the  data  <£k  of 
the  second  data  (4>k+i.  qk+i)  cannot  take  0.  Consid- 
ering  such  physical  constraint,  a  pair  of  phase  data 
DA  and  DB  can  designate  only  18  segmented  data 
as  shown  in  Figs.  10A  and  10B.  In  addition,  the  two 

20  tables  shown  in  these  figures  must  be  switched. 
For  example,  when  the  data  di  and  di  g  are  suc- 
cessively  transmitted,  the  table  switching  data  dx1 
is  interposed  between  the  two  data. 

For  this  purpose,  a  table  switching  control  por- 
25  tion  150  is  connected  to  the  matrix  circuit  104  in 

order  to  control  the  transmission  of  the  table 
switching  data  dx1  and  dx2.  For  example,  in  the 
case  where  the  segmented  data  di  and  di  g  are 
transmitted  successively,  since  the  table  switching 

30  data  dx1  must  be  interposed  between  the  two  data, 
the  matrix  circuit  104  must  output  the  phase  data 
corresponding  to  three  data  di  ,  dx1  and  di  g  for  the 
two  segmented  data  di  and  di  g  ■  To  realize  this,  the 
matrix  circuit  104  detects  that  a  table  switching 

35  occurs  when  the  data  di  and  di  g  are  inputted 
consecutively,  and  sends  a  switching  command  TR 
to  the  table  switching  control  portion  150,  while 
storing  the  data  di  g  in  the  input  buffer.  Then,  the 
table  switching  circuit  150  provides  the  matrix  cir- 

40  cuit  104  with  a  command  to  output  the  switching 
data  dx1.  The  matrix  circuit  104  outputs  the  phase 
data  corresponding  to  the  switching  data  dx1,  and 
then  outputs  the  phase  data  corresponding  to  the 
data  diG-  The  2-clock  delay  element  mentioned 

45  above  is  used  to  provide  the  data  di  g  with  the 
delay.  During  this  operation,  the  matrix  circuit  104 
connects  a  switch  54  shown  in  Fig.  6  directly  to  the 
clock,  so  that  the  interval  of  the  clock  pulses  sup- 
plied  to  the  matrix  circuit  104  and  an  averaging 

50  circuit  56  is  doubled.  The  averaging  circuit  56  will 
be  described  later. 

The  phase  locus  control  portion  200  is  ar- 
ranged  as  follows:  First,  the  binary  data  (rotation 
starting  phase)  4>k,  which  indicates  whether  the 

55  rotation  starting  position  is  0  or  n,  is  inputted  to  an 
adder  208.  On  the  other  hand,  the  ternary  data  qk  - 
(  +  ,  0,  -)  indicating  the  directions  of  rotation 
(including  the  non-rotation  state)  is  supplied  to  a 

6 
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multiplier  206  which  multiplies  it  by  a  sine  wave 
sincort  supplied  from  a  sine  wave  generator  204. 
Specifically, 

qksinc»rt  (4) 

is  obtained,  where  o>r  is  the  angular  velocity  of  the 
phase  rotation. 

The  output  of  the  multiplier  206  is  applied  to  an 
adder  208,  and  the  addition  represented  by  the 
following  expression  is  performed. 

qksincdrt  +  <t>  k  (5) 

The  output  of  the  adder  208  is  supplied  to  a 
sine  converter  210,  which  outputs  the  phase  locus 
control  signal  expressed  by  expression  (3).  In  other 
words,  the  phase  locus  control  portion  200  output 
the  sinusoidal  phase  locus  control  signal  including 
the  ternary  data  qk  indicating  the  direction  of  the 
phase  rotation  and  the  binary  data  <£k  indicating  the 
phase  rotation  starting  position.  The  phase  locus 
control  signal  is  phase  modulated  by  a  binary 
phase  modulator  300  having  a  balanced  modulator 
302  and  a  carrier  wave  generator  304.  Thus,  the 
modified  BPSK  signal  represented  by  the  following 
expression  is  outputted. 

sin(c»ct  +  qksinc»rt  +  <f>  k)  (6) 

In  order  to  transmit  a  single  (4-bit)  segmented 
data,  two  phase  data  DA  and  DB  must  be  transmit- 
ted  by  carrying  out  the  phase  rotation  twice.  Per- 
forming  such  double  phase  rotations  corresponds 
to  transmitting  2-bit  data  from  the  BPSK  modulator 
300.  Accordingly,  each  of  the  serial  4-bit  input  data 
di  -di6  (including  the  data  dx1  and  dx2  which  are 
utilized  as  the  table  switching  data  in  this  embodi- 
ment)  is  transmitted  in  the  form  of  2-bit  data  on  the 
transmission  line  400.  In  other  words,  the  4-bit  data 
can  be  transmitted  as  2-bit  data  by  representing 
the  directions  of  rotation  by  the  ternary  data  qk 
including  the  non-rotation  state  in  addition  to  the 
positive  and  negative  directions,  and  by  adding  the 
rotation  starting  position  information  4>k.  The  trans- 
mission  speed,  however,  is  not  necessarily  dou- 
bled,  which  will  be  discussed  later. 

Corresponding  to  the  above,  the  frequency  f  of 
the  clock  CLK  is  divided  into  f/2  by  the  frequency 
divider  52  as  shown  in  Fig.  6.  More  specifically, 
four  clock  pulses  are  needed  to  enter  a  single  (4- 
bit)  segmented  data  into  the  shift  register,  while  it 
is  enough  for  the  matrix  circuit  104  to  output  the 
two  phase  data  DA  and  DB  during  that  interval. 
Thus,  the  clock  frequency  is  divided  by  2  so  that 
each  phase  data  is  outputted  for  every  two  clock 
pulses.  The  clock  whose  frequency  is  f/2  is  sup- 
plied  to  the  matrix  circuit  104  and  the  averaging 

circuit  56  via  the  switch  54. 
However,  when  the  table  switching  data  dx1  or 

dx2  is  transmitted,  it  is  transmitted  in  conjunction 
with  one  of  the  segmented  data  di  -  di  g  during 

5  four  clock  pulse  intervals,  and  hence  single  effec- 
tive  data  is  substantially  transmitted  by  four  clock 
pulses.  In  this  case,  the  switch  54  is  connected 
directly  to  the  clock  CLK  so  that  the  clock  whose 
frequency  is  f  is  supplied  to  the  matrix  circuit  104 

io  and  the  averaging  circuit  56.  The  signal  that  con- 
trols  this  switching  is  supplied  from  the  matrix 
circuit  104  to  the  switch  54  as  mentioned  above. 

The  averaging  circuit  56  computes  the  average 
time  necessary  for  transmitting  single  data  from  a 

is  predetermined  number  (for  example,  10  pieces)  of 
data.  When  nine  effective  data  out  of  the  seg- 
mented  data  di  -  di  g  and  one  table  switching  data 
dx1  are  contained  in  the  10  data,  11  x  2  clock 
pulse  intervals  are  required.  That  is,  the  average 

20  interval  is  2.2  clock  intervals.  Accordingly,  the  read- 
ing  of  the  phase  data  <£k  and  qk  from  the  matrix 
circuit  104  should  be  carried  out  every  2.2  clock 
intervals.  The  signal  CKA  supplied  from  the  averag- 
ing  circuit  56  to  the  matrix  circuit  104  is  a  clock 

25  signal  which  has  been  averaged  in  such  a  manner. 
Such  averaging  presents  an  advantage  in  that  the 
transmission  speed  is  also  averaged. 

Next,  detailed  structure  of  the  receiving  ap- 
paratus  will  be  described  with  reference  to  Fig.  8. 

30  The  receiving  apparatus  demodulates  the  received 
signal  to  decode  the  data  by  the  operation  ba- 
sically  opposite  to  that  of  the  transmitting  appara- 
tus. 

The  signal  received  via  the  transmission  line 
35  400,  which  is  a  modified  BPSK  signal  represented 

by  expression  (6),  is  inputted  to  a  synchronous 
detector  502  in  the  phase  detector  500.  The  syn- 
chronous  detector  502  multiplies  the  received  sig- 
nal  by  the  carrier  wave  reproduced  by  a  carrier 

40  reproducing  portion  504,  and  supplies  the  product 
to  a  band-pass  filter  506.  As  a  result,  the  band- 
pass  filter  outputs  the  phase  locus  control  signal 
represented  by  expression  (3). 

The  phase  locus  control  signal  is  supplied  to 
45  an  arc  tangent  circuit  602  in  the  phase  locus  de- 

modulation  portion  600  and  to  a  phase  shifter  604. 
The  phase  shifter  604  rotates  the  phase  of  the 
phase  locus  control  signal  by  90  degrees,  and 
supplies  it  to  the  arc  tangent  circuit  602  as  a 

50  cosine  wave.  Thus,  the  arc  tangent  circuit  602 
receives  the  phase  locus  control  signal  represented 
by  expression  (3)  and  the  cosine  wave  correspond- 
ing  thereto,  calculates  the  arc  tangent  of  the  ratio 
of  the  two  input  signals  (i.  e,  tangent),  and  outputs 

55  the  arc  tangent  or  the  reciprocal  of  the  tangent.  As 
a  result,  the  arc  tangent  circuit  602  produces  the 
output  represented  by  expression  (5),  from  which 
the  rotation  starting  phase  <j>k  and  the  rotation  di- 

7 
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rection  information  qk  are  demodulated  as  follows: 
First,  the  sum  represented  by  expression  (5)  is 

passed  through  a  low-pass  filter  606,  which  outputs 
the  rotation  starting  phase  4>k.  The  sum  repre- 
sented  by  expression  (5)  is  also  supplied  to  a 
differentiator  608  which  differentiates  the  sum,  and 
outputs  a  cosine  wave  whose  amplitude  is  o>rqk. 
That  is,  the  differentiator  outputs  the  following: 

cdrqkcos&)rt  (7) 

The  cosine  wave  is  further  supplied  to  a  multi- 
plier  610  which  multiplies  the  cosine  wave  by  a 
cosine  wave  cosc»rt  supplied  from  an  oscillator  612, 
and  supplies  the  product  to  a  band-pass  filter  614. 
The  band-pass  filter  614  outputs  the  amplitude  o>rqk 
which  is  inputted  to  a  differentiator  616.  The  dif- 
ferentiator  616  differentiates  the  input  by  c»r,and 
outputs  the  rotation  direction  information  qk. 

Thus,  the  phase  locus  demodulation  portion 
600  outputs  the  rotation  starting  phase  4>k  and  the 
rotation  direction  information  qk,  and  supplies  them 
to  the  data  decoding  portion  700. 

The  data  decoding  portion  700  restores  the 
segmented  data  di  -  di  g  from  the  two  phase  data 
Da  =  W>k.  qk)  and  DB  =  (<k+i.  qk+i)-  First,  the 
binary  data  4>k  is  supplied  to  two  comparators  701 
and  702,  and  is  compared  with  0  and  n,  respec- 
tively.  The  comparator  701  outputs  1  when  the 
binary  data  4>k  is  0,  and  the  comparator  702  out- 
puts  1  when  <t>k  is  n.  On  the  other  hand,  the  ternary 
data  qk  is  supplied  to  comparators  711,  712  and 
713,  and  is  compared  with  +,  0  and  -,  respectively. 
The  comparator  71  1  outputs  1  when  qk  is  +  ,  the 
comparator  712  outputs  1  when  qk  is  0,  and  the 
comparator  713  outputs  1  when  qk  is  -.  The  outputs 
of  these  five  comparators  are  supplied  to  a  matrix 
circuit  720. 

The  matrix  circuit  720  restores  segmented  data 
di  -  di6  from  the  two  phase  data  DA  and  DB.  For 
example,  when  the  phase  data  (0,  +)  and  (it,  +) 
are  inputted,  the  segmented  data  di  is  outputted  as 
shown  in  Fig.  10A,  and  when  the  phase  data  (0,  -) 
and  (it,  -)  are  inputted,  the  segmented  data  ds  is 
outputted.  To  realize  this,  the  matrix  circuit  720 
comprises  an  input  buffer  for  storing  the  two  phase 
data  DA  and  DB,  and  a  matrix  for  converting  the 
phase  data  DA  and  DB  outputted  from  the  input 
buffer  into  the  segmented  data  di  -  di  g  -  Further- 
more,  the  output  of  the  matrix  circuit  720  is  con- 
nected  to  an  output  buffer  730  and  a  decision 
circuit  740.  The  decision  circuit  740  detects  the 
table  switching  data  dx1  or  dx2  in  the  output  of  the 
matrix  circuit  720,  and  inhibits  the  output  of  dx1  or 
dx2  stored  in  the  output  buffer  730  if  the  data  is 
detected.  On  the  other  hand,  when  the  output  of 
the  matrix  circuit  720  is  the  segmented  data  di  - 
di6,  the  decision  circuit  740  allows  the  output  buff- 

er  730  to  output  the  segmented  data  stored  therein. 
Thus,  the  4-bit  segmented  data  is  obtained  from  a 
pair  of  the  phase  data  DA  and  DB. 

The  major  portion  of  the  demodulating  circuit 
5  operates  as  described  above.  The  clock  used  by 

the  demodulation  is  retrieved  as  follows:  First,  the 
data  <t>k  outputted  from  the  low-pass  filter  606  is 
inputted  to  a  clock  extraction  circuit  70.  The  clock 
extraction  circuit  70  picks  up  the  clock  from  the 

io  input  <t>k  using  a  PLL  circuit.  This  clock  corre- 
sponds  to  the  data  4>k  when  the  alternating  signal 
"101010101"  is  received.  The  frequency  f  of  the 
clock  outputted  from  the  clock  extraction  circuit  70 
is  doubled  to  2f  by  a  doubler  circuit  72,  and  is 

is  supplied  to  an  averaging  circuit  74  and  a  differen- 
tiating  circuit  608  to  activate  the  differentiating  op- 
eration. 

The  averaging  circuit  74  outputs  the  average 
value  of  2f.  The  output  of  the  averaging  circuit  74 

20  is  supplied  to  the  matrix  circuit  720,  and  thus 
determines  the  conversion  speed  of  the  matrix 
circuit.  This  corresponds  to  the  averaging  process 
at  the  transmitting  side. 

Next,  the  transmission  speed  of  the  first  em- 
25  bodiment  will  be  studied  in  comparison  with  that  of 

the  conventional  BPSK.  Here,  transmission  data  is 
supposed  to  be  "10101010".  In  BPSK,  the  phase 
switching  is  performed  between  the  points  Pi  and 
P2  in  the  phase  space  of  Fig.  2.  Accordingly,  the 

30  shift  distance  involved  in  the  phase  switching  is  2r, 
where  r  is  the  distance  between  the  origin  O  and 
the  point  Pi  .  Since  the  conventional  BPSK  trans- 
mits  1-bit  data  by  one  action,  the  shift  distance  in 
the  phase  space  per  bit  is  2r/bit. 

35  In  contrast,  since  the  present  embodiment  car- 
ries  out  the  phase  switching  by  drawing  a  semicir- 
cle  as  shown  in  Fig.  10A  and  10B,  the  shift  dis- 
tance  per  action  is  -nr,  and  4-bit  data  is  transmitted 
per  two  actions.  Therefore,  the  shift  distance  per  bit 

40  is  2?rr/4  =  7rr/2.  The  ratio  of  transmission  speeds 
can  be  expressed  as  a  reciprocal  of  the  ratio  of 
distances  per  bit  in  the  phase  space.  Consequent- 
ly,  assuming  that  the  shift  speed  in  the  phase 
space  is  identical,  the  ratio  of  transmission  speed 

45  of  the  conventional  BPSK  and  that  of  the  modified 
BPSK  of  the  present  embodiment  is  Ah  =  1.273. 
In  other  words,  the  modified  BPSK  of  this  embodi- 
ment  can  improve  the  transmission  speed  by  ap- 
proximately  27%  over  the  conventional  BPSK. 

50  Considering  in  a  similar  manner,  the  ratio  of 
the  transmission  speed  of  the  phase  locus  of  an 
isosceles  triangle  whose  base  is  2r  and  height  is  r, 
and  that  of  the  conventional  BPSK,  is  approxi- 
mately  1  .4.  In  the  case  where  the  isosceles  triangle 

55  has  the  base  of  2r  and  the  height  of  r/2,  the  ratio  of 
transmission  speeds  is  approximately  1  .8. 

Furthermore,  when  the  phase  locus  is  an  el- 
lipse,  the  ratio  of  transmission  speeds  is  deter- 
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mined  as  follows: 
First,  the  elliptic  locus  passing  through  coordi- 

nates  (r,  0)  and  (-r,  0)  is  approximated  by  a  circular 
segment  which  has  a  radius  of  R  and  a  central 
angle  of  20.  The  length  of  the  circular  segment  is 
expressed  as  2Rsin_1(r/R)  because  it  equals  2R0, 
and  0  =  sin_1(r/R).  When  R  =  r,  for  example,  the 
circular  segment  becomes  a  semicircle  whose  arc 
length  is  2rsin_11  =  2rW2  =  -nr,  which  corre- 
sponds  to  the  semicircle  case  described  above.  On 
the  other  hand,  when  R  =  2r,  the  arc  length  is 
4rsin_1(1/2)  =  4r(W6)  =  (2/3)tti\  Accordingly,  the 
transmission  ratio  of  2r/(1/3)?rr  =  6h  =  1.91  is 
obtained  in  a  way  similar  to  that  described  above. 

EMBODIMENT  2 

In  the  first  embodiment,  the  input  data  is  di- 
vided  into  every  four  bits,  and  each  4-bit  data  is 
transmitted  by  two  bits.  To  achieve  this,  the  table 
switching  is  needed.  In  the  second  embodiment, 
the  input  data  is  divided  into  every  three  bits  in 
order  to  transmit  the  data  without  the  table  switch- 
ing.  In  this  case,  eight  kinds  of  segmented  data  are 
produced,  and  one  segmented  data  is  transmitted 
by  sending  the  ternary  rotation  direction  informa- 
tion  qk  twice.  This  embodiment  uses  this  rule. 

Fig.  12  is  a  block  diagram  showing  the  major 
portion  of  the  second  embodiment  of  a  transmitting 
apparatus  in  accordance  with  the  present  invention. 
The  input  data  is  entered  into  a  3-bit  shift  register 
821  ,  and  is  converted  into  3-bit  segmented  data  di 
-  dg.  For  example,  di  =  000,  d2  =  001,  d3  =  010, 
d+  =  011,  d5  =  don't  care,  dG  =  100,  d7  =  101, 
d8  =  110  and  dg  =  111. 

These  segmented  data  are  supplied  to  a  matrix 
circuit  822.  The  matrix  circuit  822  converts  the 
segmented  data  di  -  dg  into  two  phase  data  DA 
and  DB  in  accordance  with  the  table  shown  in  Fig. 
13.  Comparing  this  with  the  first  embodiment,  the 
phase  data  DA  and  DB  take  a  form  of  (<£k,  qk)  = 
(don't  care,  qk)  .  In  other  words,  since  this  embodi- 
ment  considers  only  the  phase  rotation  direction 
and  ignores  the  phase  rotation  starting  position, 
only  the  rotation  direction  information  qk  takes 
three  values  of  +  ,  0  and  -.  Thus,  the  phase  posi- 
tion  after  the  completion  of  the  phase  rotation  is 
not  taken  into  account.  For  example,  the  phase 
rotation  whose  direction  is  "  +  "  may  have  the 
phase  rotation  starting  positions  of  0  and  -n, 
wherein  the  phase  may  shift  from  0  to  -n,  or  from  -n 
to  0.  By  the  conversion,  the  segmented  data  di  is 
converted  into  (  +  ,  +  ),  and  d2  is  converted  into  (0, 
+  )■ 

The  phase  data  DA  and  DB  are  supplied  to  a 
phases  locus  control  portion  823  that  has  an  ar- 
rangement  similar  to  the  phase  locus  control  por- 
tion  200  of  Fig.  6.  The  phase  locus  control  portion 

823  outputs  the  phase  locus  control  signal  repre- 
sented  by  expression  (3). 

The  process  thereafter  is  the  same  as  that  of 
the  first  embodiment  except  that  the  phase  rotation 

5  starting  position  <£k  is  disregarded.  Thus,  the  de- 
scription  thereof  is  omitted  here. 

According  to  this  embodiment,  the  3-bit  serial 
input  data  di  -  dg  is  converted  into  two  bits  on  the 
transmission  line.  Since  the  phase  locus  is  a  semi- 

io  circular  arc  in  this  embodiment,  the  transmission 
ratio  reduces  to  0.96  (or  3h)  of  that  of  the  conven- 
tional  apparatus.  However,  employing  the  phase 
locus  of  isosceles  triangle  with  the  base  of  2r  and 
the  height  of  r/2  makes  it  possible  to  increase  the 

is  transmission  ratio  to  1  .34  times  that  of  the  conven- 
tional  apparatus.  Furthermore,  the  transmission  ra- 
tio  will  be  1.43  times  that  of  the  conventional  ap- 
paratus  if  the  phase  locus  of  an  ellipse  described 
above  is  used. 

20  With  regard  to  the  phase  data  DA  and  DB, 
although  a  pair  of  ternary  signals  are  used  for  each 
of  the  phase  data  to  generate  the  digital  signal,  a 
three-level  analog  signal  may  be  used  to  represent 
the  three  values  +  ,  0  and  -.  In  either  case,  it  is 

25  required  for  the  phase  data  to  control  the  direction 
of  the  phase  rotation  in  the  BPSK  phase  modula- 
tion  circuit  at  the  post  stage,  and  the  signal  form 
whether  the  phase  data  is  digital  or  analog  has 
nothing  to  do  with  the  subject  matter  of  the  present 

30  embodiment. 

EMBODIMENT  3 

Although  the  phase  rotation  direction  informa- 
35  tion  qk  of  three  values  (  +  ,  0,  -)  is  used  in  the  first 

embodiment,  a  rotation  magnitude  can  be  incor- 
porated  into  the  rotation  direction  information  qk. 
Specifically,  the  phase  rotation  magnitude  0k  = 
pkc»r  can  be  incorporated  into  the  positive  and 

40  negative  rotation  directions  as  shown  in  Fig.  14. 
The  basic  operation  of  this  embodiment  is  substan- 
tially  the  same  as  that  of  the  first  embodiment  as 
shown  in  Fig.  5  except  that  it  uses  qkpkor  (=  qk0k) 
instead  of  qk.  Considering  this,  the  operation  par- 

45  ticular  to  this  embodiment  will  be  described  below. 
First,  the  serial  input  data  is  entered  to  the  data 

conversion  portion  100,  which  latches  the  input 
data  every  m  bits  (where  m  is  an  integer  equal  to 
or  greater  than  2).  The  m-bit  data  will  form  2m 

50  kinds  of  data.  Here,  an  integer  n  that  satisfies  the 
following  expression  is  obtained. 

2m  <  n2 

55  Then,  the  phase  rotation  magnitudes  01,  02  0n 
as  shown  in  Fig.  14  are  set  in  advance.  Here,  the 
phase  rotation  magnitudes  01,  02  0n  shown  in 
Fig.  14  are  shown  only  with  regard  to  one  of  the 

9 
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positive  and  negative  phase  rotation.  It  is  not  es- 
sential  to  set  the  phase  rotation  magnitudes  as 
(360  °/n)  x  1,  (360  °/n)  x  2  (360  °/n)  x  n,  and 
they  can  be  set  rather  arbitrary. 

The  data  conversion  circuit  100  (shown  in  Fig. 
5)  supplies  the  first  phase  data  DA  and  the  second 
phase  data  DB  to  the  phase  locus  control  portion 
200  in  order  to  identify  the  n2  data  di  1  -  dnn.  The 
phase  data  DA  and  DB  of  this  embodiment  differ 
from  those  of  the  first  embodiment  which  specify 
only  the  direction  of  the  phase  rotation  in  that  they 
specify  the  rotation  magnitudes  01  -  0n  in  addition 
to  the  rotation  direction. 

Thus,  each  of  the  m-bit  serial  data  is  transmit- 
ted  in  terms  of  two  modulating  actions  of  the 
modulator.  Accordingly,  when  the  elliptic  phase  lo- 
cus  described  above  is  employed,  the  transmission 
speed  is 
(3/7r)2m_1  »  2m_1  times  that  of  the  conventional 
BPSK,  and  when  the  phase  locus  of  a  semicircular 
arc  is  used,  it  increases  to  2mh  times. 

At  the  receiving  side,  the  signal  received 
through  the  transmission  line  400  is  demodulated 
by  the  phase  detector  500  and  the  phase  locus 
demodulation  portion  600.  This  gives  the  phase 
rotation  magnitudes  01  -  0n  contained  in  the  phase 
data  DA,  and  01  -  0n  contained  in  the  phase  data 
DB.  In  accordance  with  the  these  data,  the  data 
decoding  portion  700  determines  which  one  of  the 
segmented  data  di  1  -  dnn  has  been  received.  Thus, 
m-bit  serial  data  are  demodulated. 

EMBODIMENT  4 

Fig.  15  shows  data  structure  used  by  the  fourth 
embodiment.  This  embodiment  also  employs  hard- 
ware  having  substantially  the  same  construction  as 
that  of  the  first  embodiment,  and  hence  the  de- 
scription  thereof  is  omitted. 

This  embodiment  differs  from  the  first  embodi- 
ment  in  that  the  first  and  second  phase  data  DA 
and  DB  of  this  embodiment  are  defined  by  the 
combination  of 

(1)  n  phase  rotation  magnitudes  01  -  0n,  and 
(2)  n  rotation  starting  phases  <£1  -  4>n. 

The  remaining  parts  are  the  same  as  those  of  the 
first  embodiment. 

EMBODIMENT  5 

Fig.  16  is  a  block  diagram  showing  the  major 
portion  of  the  fifth  embodiment.  The  function  f(t)  of 
this  embodiment  is  generalized  from  the  sine  wave 
sincort  supplied  to  the  multiplier  206  in  Fig.  6.  This 
allows  the  phase  rotation  locus  to  be  not  only 
circular,  but  also  elliptic  or  triangular. 

In  Fig.  16,  a  function  generator  900  generates 
the  function  f(t),  and  supplies  it  to  the  multiplier 

206.  The  function  generator  comprises  an  l-axis 
ROM  902  that  generates  an  l-axis  signal,  a  Q-axis 
ROM  904  that  generates  a  Q-axis  signal,  a  multi- 
plier  906  that  multiplies  the  l-axis  signal  by  a 

5  coefficient  a,  a  multiplier  908  that  multiplies  the  Q- 
axis  signal  by  a  coefficient  b,  a  phase  shifter  910 
that  rotates  the  phase  of  the  output  of  the  multiplier 
908  by  90  degrees,  and  an  adder  912  that  adds  the 
output  of  the  phase  shifter  910  to  the  output  of  the 

io  multiplier  906. 
A  various  types  of  function  f(t)  can  be  gen- 

erated  by  appropriately  setting  the  coefficients  a 
and  b.  For  example,  by  setting  the  l-axis  signal  as 
coscort,  the  Q-axis  signal  as  sincort,  and  a  =  b  =  1  , 

is  the  following  expression  is  obtained. 

coscort  +  jsincort  (a  =  b  =  1)  (8) 

In  this  case,  the  phase  rotation  locus  is  a  circle. 
20  When  a  =  1,  b  <  a,  the  phase  rotation  locus  is 

elliptic  as  represented  by  the  following  expression. 

coscort  +  jb  sincort  (a  =  1  ,  b  <  a)  (9) 

25  According  to  this  embodiment,  various  phase 
loci,  such  as  a  circle,  ellipse,  triangle,  line,  and  the 
like,  can  be  generated.  A  plurality  of  phase  loci  can 
be  assigned  to  form  the  segmented  data  system, 
so  that  the  signal  transmission  is  carried  out  by 

30  these  plurality  of  phase  loci. 

INDUSTRIAL  APPLICABILITY 

The  transmitting  apparatus  and  the  receiving 
35  apparatus  based  on  the  phase  modulation  method 

in  accordance  with  the  present  invention  can  be 
widely  applied  to  the  communications  field  such  as 
television,  telephone,  personal  computer  commu- 
nications,  and  the  like. 

40 
Claims 

1.  A  transmitting  apparatus  based  on  phase  mod- 
ulation,  characterized  by  comprising: 

45  data  conversion  means  for  dividing  input 
data  to  be  transmitted  into  every  predeter- 
mined  number  of  bits,  and  for  sequentially 
outputting  the  predetermined  number  of  bits  as 
segmented  data; 

50  phase  locus  control  means  for  outputting  a 
phase  locus  control  signal  that  represents  each 
of  said  segmented  data  by  using  ternary  phase 
rotation  information  corresponding  to  a  positive 
direction,  a  negative  direction  and  a  non-rota- 

55  tion  state  of  phase  rotation  directions;  and 
modulation  means  for  modulating  the 

phase  of  a  transmission  signal  in  response  to 
said  phase  locus  control  signal. 

10 
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2.  A  transmitting  apparatus  based  on  phase  mod- 
ulation  as  claimed  in  claim  1,  characterized  in 
that  said  phase  locus  control  means  outputs 
the  phase  locus  control  signal  representing 
said  segmented  data  by  said  ternary  phase 
rotation  information  associated  with  the  direc- 
tion  of  the  phase  rotation,  and  by  a  phase  at 
which  said  phase  rotation  starts. 

3.  A  transmitting  apparatus  based  on  phase  mod- 
ulation  as  claimed  in  claim  1,  characterized  in 
that  said  phase  locus  control  means  outputs 
the  phase  locus  control  signal  representing 
said  segmented  data  by  said  ternary  phase 
rotation  information  associated  with  the  direc- 
tion  of  the  phase  rotation,  and  by  a  phase 
rotation  amount  of  said  phase  rotation. 

4.  A  transmitting  apparatus  based  on  phase  mod- 
ulation  as  claimed  in  claim  3,  characterized  in 
that  said  phase  rotation  amount  takes  a  plural- 
ity  of  values. 

5.  A  transmitting  apparatus  based  on  phase  mod- 
ulation  as  claimed  in  claim  1,  characterized  in 
that  said  phase  locus  control  means  outputs 
the  phase  locus  control  signal  representing 
said  segmented  data  by  said  ternary  phase 
rotation  information  associated  with  the  direc- 
tion  of  the  phase  rotation,  by  a  phase  at  which 
said  phase  rotation  starts,  and  by  a  phase 
rotation  amount  of  said  phase  rotation. 

6.  A  transmitting  apparatus  based  on  phase  mod- 
ulation  as  claimed  in  claim  1,  characterized  in 
that  said  phase  locus  control  means  controls 
said  phase  rotation  so  that  the  locus  of  said 
phase  rotation  draws  at  least  one  of  the  loci  of 
a  circle,  an  ellipse,  a  polygon,  and  a  line. 

7.  A  transmitting  apparatus  based  on  phase  mod- 
ulation  as  claimed  in  claim  6,  characterized  in 
that  said  phase  locus  control  means  represents 
the  phase  locus  control  signal  by  difference  of 
the  locus  of  said  phase  rotation. 

8.  A  transmitting  apparatus  based  on  phase  mod- 
ulation  as  claimed  in  claim  2,  further  character- 
ized  by  comprising: 

means  for  dividing  said  segmented  data 
into  groups  so  that  continuous  phase  control  is 
possible  in  each  of  said  groups  in  the  case 
where  one  or  more  starting  positions  of  said 
phase  rotation  cause  continuous  phase  control 
impossible  because  of  discontinuity  of  said 
starting  positions,  and  for  storing  tables  pre- 
pared  for  each  of  said  groups  to  cross-refer 
between  said  segmented  data  in  that  group 

and  said  phase  locus  control  signal;  and 
means  for  supplying  table  switching  data 

instructing  switching  between  said  tables. 

5  9.  A  transmitting  apparatus  based  on  phase  mod- 
ulation  as  claimed  in  claim  8,  further  character- 
ized  by  comprising  averaging  means  for  deter- 
mining  an  average  of  intervals  of  clock  that 
controls  said  segmented  data  and  said  table 

io  switching  data,  characterized  in  that  said  con- 
version  from  said  segmented  data  into  said 
phase  locus  control  signal  is  controlled  by  the 
averaged  interval  of  the  clock  outputted  from 
said  averaging  means. 

15 
10.  A  receiving  apparatus  based  on  phase  modula- 

tion,  which  receives  a  phase  modulation  signal 
formed  by  changing  the  phase  of  a  signal  in 
accordance  with  a  phase  locus  control  signal 

20  which  is  formed  by  dividing  input  data  to  be 
transmitted  into  segmented  data  of  a  predeter- 
mined  number  of  bits,  and  by  representing 
each  of  said  segmented  data  sequentially  by 
ternary  phase  rotation  information  which  cor- 

25  responds  to  a  positive  direction,  a  negative 
direction  and  a  non-rotation  state  of  phase 
rotation  directions,  said  receiving  apparatus 
characterized  by  comprising: 

a  phase  detector  detecting  said  phase 
30  modulation  signal; 

phase  locus  demodulation  means  for  de- 
modulating  said  phase  locus  control  signal 
from  an  output  of  said  phase  detector;  and 

decoding  means  for  decoding  said  phase 
35  rotation  signal  into  said  segmented  data. 

11.  A  receiving  apparatus  based  on  phase  modula- 
tion  as  claimed  in  claim  10,  characterized  in 
that  said  phase  locus  control  signal  represents 

40  said  segmented  data  by  said  ternary  phase 
rotation  information  associated  with  the  direc- 
tion  of  the  phase  rotation,  and  by  a  phase  at 
which  said  phase  rotation  starts,  and  said 
phase  locus  demodulation  means  demodulates 

45  said  phase  locus  control  signal. 

12.  A  receiving  apparatus  based  on  phase  modula- 
tion  as  claimed  in  claim  10,  characterized  in 
that  said  phase  locus  control  signal  represents 

50  said  segmented  data  by  said  ternary  phase 
rotation  information  associated  with  the  direc- 
tion  of  the  phase  rotation,  and  by  a  phase 
rotation  amount  of  said  phase  rotation,  and 
said  phase  locus  demodulation  means  de- 

55  modulates  said  phase  locus  control  signal. 

13.  A  receiving  apparatus  based  on  phase  modula- 
tion  as  claimed  in  claim  12,  characterized  in 

11 
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that  said  phase  rotation  amount  takes  a  plural- 
ity  of  values. 

14.  A  receiving  apparatus  based  on  phase  modula- 
tion  as  claimed  in  claim  10,  characterized  in 
that  said  phase  locus  control  signal  represents 
said  segmented  data  by  said  ternary  phase 
rotation  information  associated  with  the  direc- 
tion  of  the  phase  rotation,  by  a  phase  at  which 
said  phase  rotation  starts,  and  by  a  phase 
rotation  amount  of  said  phase  rotation,  and 
said  phase  locus  demodulation  means  de- 
modulates  said  phase  locus  control  signal. 

15.  A  receiving  apparatus  based  on  phase  modula- 
tion  as  claimed  in  claim  10,  characterized  in 
that  said  phase  locus  control  signal  is  con- 
trolled  such  that  the  locus  of  said  phase  rota- 
tion  draws  at  least  one  of  the  loci  of  a  circle, 
an  ellipse,  a  polygon,  and  a  line,  and  said 
phase  locus  demodulation  means  demodulates 
said  phase  locus  control  signal. 

16.  A  receiving  apparatus  based  on  phase  modula- 
tion  as  claimed  in  claim  15,  characterized  in 
that  said  phase  locus  demodulation  means  de- 
modulates  said  phase  locus  control  signal  by 
difference  of  the  locus  of  said  phase  rotation. 

17.  A  receiving  apparatus  based  on  phase  modula- 
tion  as  claimed  in  claim  11,  characterized  in 
that  said  phase  locus  demodulation  means  de- 
modulates  table  switching  data  when  said  table 
switching  data  has  been  transmitted,  said  table 
switching  data  instructing  switching  of  refer- 
ence  tables  that  cross-refer  between  said 
phase  locus  control  signal  and  segmented  data 
which  are  divided  into  data  groups  in  which 
continuous  phase  control  is  possible. 

18.  A  receiving  apparatus  based  on  phase  modula- 
tion  as  claimed  in  claim  17,  further  character- 
ized  by  comprising  averaging  means  for  deter- 
mining  an  average  of  intervals  of  clock  that 
controls  said  segmented  data  and  said  table 
switching  data,  characterized  in  that  said  con- 
version  from  said  phase  locus  control  signal 
into  said  segmented  data  is  controlled  by  the 
averaged  interval  of  the  clock  outputted  form 
said  averaging  means. 

19.  A  transmitting  and  receiving  apparatus  based 
on  phase  modulation,  characterized  by  com- 
prising: 

data  conversion  means  for  dividing  input 
data  to  be  transmitted  into  every  predeter- 
mined  number  of  bits,  and  for  sequentially 
outputting  the  predetermined  number  of  bits  as 

segmented  data; 
phase  locus  control  means  for  outputting  a 

phase  locus  control  signal  that  represents  each 
of  said  segmented  data  by  using  ternary  phase 

5  rotation  information  corresponding  to  a  positive 
direction,  a  negative  direction  and  a  non-rota- 
tion  state  of  phase  rotation  directions; 

modulation  means  for  modulating  the 
phase  of  a  transmission  signal  in  response  to 

io  said  phase  locus  control  signal; 
a  phase  detector  detecting  said  transmis- 

sion  signal; 
phase  locus  demodulation  means  for  de- 

modulating  said  phase  locus  control  signal 
is  from  an  output  of  said  phase  detector;  and 

decoding  means  for  decoding  said  phase 
rotation  signal  into  said  segmented  data. 

20.  A  transmitting  and  receiving  apparatus  based 
20  on  phase  modulation  as  claimed  in  claim  19, 

characterized  in  that  said  phase  locus  control 
means  forms  the  phase  locus  control  signal 
representing  said  segmented  data  by  said  ter- 
nary  phase  rotation  information  associated  with 

25  the  direction  of  the  phase  rotation,  and  by  a 
phase  at  which  said  phase  rotation  starts,  and 
said  phase  locus  demodulation  means  de- 
modulates  said  phase  locus  control  signal. 
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