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©  Synchronous  adder  for  multicarrier  receiver. 

©  A  synchronous  adder  device  comprising  an  A/D  converter  (52,  53)  for  digitizing  a  receive  signal  transmitted 
through  a  plurality  of  subcarriers  by  sampling  it  and  an  adding  unit  (64)  for  determining  the  value  of  synchronous 
addition  for  each  sample  is  provided  with  synthetic  waveform  shaping  filters  (56-59)  for  waveform-shaping  every 
other  subcarrier,  squaring  units  (60-63)  for  squaring  the  respective  outputs  of  the  synthetic  waveform  shaping 
filters,  and  a  low  pass  filter  (65)  for  removing  harmonic  components  from  the  sum  of  outputs  of  the  squaring 
units.  In  the  case  where  the  signal  is  transmitted  through  four  subcarriers,  synchronous  addition  becomes 
possible  by  using  the  synthetic  waveform  shaping  filters  the  number  of  which  is  two  for  each  of  an  I  signal  and  a 
Q  signal  or  is  four  in  total.  The  number  of  squaring  units  equal  to  the  number  of  synthetic  waveform  shaping 
filters  suffices.  Though  an  output  of  the  squaring  unit  includes  an  envelope  component  and  harmonic  compo- 
nents  since  the  squaring  unit  squares  signals  of  the  plurality  of  subcarriers  together,  the  harmonic  components 
can  be  removed  by  the  low  pass  filter,  thereby  making  it  possible  to  extract  only  the  envelope  component. 
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BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

5  The  present  invention  relates  to  a  synchronous  adder  device  for  making  synchronous  addition  for  the 
power  of  a  sampled  receive  signal  for  symbol  identification,  for  example,  in  a  receiver  for  digital 
communication,  and  more  particularly  to  such  a  synchronous  adder  device  which  is  realized  with  small 
circuit  scale. 

io  Description  of  the  Related  Art 

On  a  receiving  side  in  the  digital  communication,  a  receive  signal  level  at  a  point  of  time  corresponding 
to  the  instant  of  time  of  transmission  of  a  symbol  ("1  "  or  "0")  on  a  transmitting  side  is  extracted  from  a 
receive  signal.  The  extracted  signal  level  is  compared  in  magnitude  with  a  threshold  value  to  reproduce  an 

75  original  symbol. 
In  the  case  where  digital  data  is  transmitted  in  a  narrow  band,  transmission  with  Nyquist  characteristic 

is  made  and  both  a  transmitting  side  and  a  receiving  side  generally  use  filters  which  have  the  same  Nyquist 
characteristic.  In  such  digital  transmission,  so  long  as  a  limiter  amplifier  is  not  used  as  a  receiving  amplifier, 
a  symbol  timing  for  extracting  a  symbol  from  a  receive  signal  can  be  obtained  from  a  point  at  which  an 

20  envelope  of  the  receive  signal  becomes  the  maximum. 
On  the  receiving  side,  the  receive  signal  is  digitized  at  a  sampling  frequency  which  is  N  (integer)  times 

as  high  as  a  symbol  clock  (or  symbol  transmission  frequency).  Thereafter,  the  square  value  of  each  sample 
is  calculated  and  the  square  value  for  every  N-th  sample  in  such  digitized  samples  is  subjected  to 
synchronous  addition  so  that  the  every  N-th  sample  providing  the  maximum  value  of  addition  is  detected  as 

25  a  sample  representing  a  transmit  symbol. 
In  the  digital  communication,  multivalued  transmission  using  a  plurality  of  subcarriers  with  carrier 

frequencies  slightly  shifted  from  a  center  frequency  is  made  in  order  to  improve  the  efficiency  of 
communication.  In  the  case  of  this  communication  system,  the  performance  of  detection  of  a  symbol  timing 
can  be  improved  by  using  the  sum  of  envelopes  of  the  respective  subcarriers. 

30  The  conventional  synchronous  adder  device  for  performing  the  above-mentioned  synchronous  addition 
is  shown  in  Fig.  1.  The  device  includes  an  A/D  converter  2  for  digitizing  an  in-phase  component  (or  I  signal) 
1  of  a  receive  signal  for  each  subcarrier  at  a  sampling  frequency  which  is  N  times  as  high  as  a  symbol 
clock,  an  A/D  converter  4  for  digitizing  an  orthogonal  component  (or  Q  signal)  3  of  the  receive  signal  for 
each  subcarrier  at  the  above-mentioned  sampling  frequency,  frequency  converters  7  to  10  for  performing 

35  frequency  conversion  corresponding  to  the  respective  subcarriers  so  that  the  center  frequencies  of  digitized 
signals  5  or  6  of  the  respective  subcarriers  coincide  with  each  other  or  both  the  signals  5  and  the  signals  6 
of  the  respective  subcarriers  have  the  same  center  frequency,  waveform  shaping  filters  11  to  18  for 
waveform-shaping  the  I  and  Q  signals  of  each  subcarrier  having  the  same  or  coincident  center  frequency  by 
use  of  a  common  filtering  characteristic,  squaring  circuits  27  to  34  for  squaring  the  waveform-shaped 

40  signals  19  to  26,  respectively,  an  adder  35  for  adding  the  outputs  of  the  squaring  circuits  27  to  34,  an 
adding  circuit  36  for  adding  the  output  of  the  adder  35  to  the  previous  cumulative  or  integrated  value  of  the 
corresponding  sampling  interval,  a  memory  37  for  storing  the  result  of  addition  by  the  adding  circuit  36 
separately  for  each  sampling  interval,  and  a  decision  point  detecting  circuit  38  for  detecting  a  sample  in  a 
sampling  interval  which  provides  the  maximum  result  of  addition. 

45  The  device  of  Fig.  1  shows  the  construction  in  the  case  where  data  is  transmitted  through  four 
subcarriers  and  the  A/D  conversion  is  made  by  an  over-sampling  of  N  =  7  or  at  a  sampling  frequency 
which  is  seven  times  as  high  as  the  symbol  clock. 

In  this  synchronous  adder  device,  data  transmitted  through  four  subcarriers  is  inputted  to  the  A/D 
converters  2  and  4  after  separation  thereof  into  an  I  signal  1  and  a  Q  signal  3  through  quadrature  detection. 

50  The  A/D  converters  2  and  4  digitize  the  I  signal  1  and  the  Q  signal  3,  respectively,  at  the  sampling 
frequency  which  is  seven  times  as  high  as  the  symbol  clock. 

Then,  the  digitized  I  and  Q  signals  5  and  6  are  inputted  to  the  frequency  converters  7  to  10.  Since  the 
four  subcarriers  have  their  carrier  angular  frequencies  which  are  respectively  shifted  from  the  center 
frequency  by  -3Ac»,  -Aco,  and  3Ac»,  the  frequency  converters  7  to  10  subject  the  I  signals  5  and  the  Q 

55  signals  6  of  the  respective  subcarriers  to  frequency  conversion  corresponding  to  each  subcarrier  so  that 
both  the  I  signals  5  and  the  Q  signals  6  of  the  respective  subcarriers  have  the  same  center  frequency.  The 
state  of  such  frequency  conversion  is  illustrated  in  Figs.  2A  to  2C.  The  frequency  (see  Fig.  2A)  shifted  from 
the  center,  for  example,  by  ±Ao>  is  moved  by  +Ao>  through  the  processing  by  the  frequency  converter  so 
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that  the  subcarrier  is  converted  into  a  state  shown  in  Fig.  2B. 
Signals  39  to  46  processed  by  the  frequency  converters  7  to  10  are  inputted  to  the  waveform  shaping 

filters  11  to  18.  Each  of  the  waveform  shaping  filters  11  to  18  is  provided  with  a  characteristic  capable  of 
deriving  or  extracting  a  signal  in  a  frequency  range,  as  shown  by  a  square  in  Fig.  2B,  which  has  a  fixed 

5  width  around  the  center  frequency.  As  a  result,  a  signal  shown  in  Fig.  2C  is  extracted  by  the  waveform 
shaping  filter. 

The  outputs  of  the  waveform  shaping  filters  11  to  18  are  respectively  squared  by  the  squaring  circuits 
27  to  34  to  determine  envelopes.  The  outputs  of  the  squaring  circuits  27  to  34  are  added  by  the  adder  35 
to  determine  the  sum  of  the  envelopes  of  the  four  subcarriers. 

io  A  value  determined  by  the  adder  35  is  added  by  the  adding  circuit  36  to  the  previous  value  stored  in 
the  memory  37.  The  memory  37  has  previous  cumulative  values  stored  separately  for  sampling  intervals  1 
to  7  corresponding  to  the  number  7  of  samples  in  the  over-sampling.  When  a  value  obtained  by  the  adder 
35  is  one  in  the  sampling  interval  2,  the  previous  cumulative  value  of  the  sampling  interval  2  is  read  from 
the  memory  37.  The  read  cumulative  value  and  the  value  obtained  by  the  adder  35  are  added  by  the 

is  adding  circuit  36.  The  result  of  addition  is  again  stored  into  a  location  of  the  memory  37  where  the 
cumulative  value  of  the  sampling  interval  2  is  to  be  stored. 

The  above  addition  is  made  for  a  certain  time.  The  decision  point  detecting  circuit  38  detects  the 
maximum  value  from  among  the  values  of  addition  stored  in  the  memory  37  for  the  respective  sampling 
intervals  as  the  results  of  addition  for  the  certain  time.  A  sample  corresponding  to  a  sampling  interval 

20  providing  the  maximum  value  is  identified  as  the  optimum  sample  for  symbol  reproduction. 
In  the  conventional  synchronous  adder  device,  however,  it  is  required  for  the  determination  of  the 

envelopes  of  the  four  subcarriers  that  the  frequency  conversion  process  should  be  performed  four  times 
and  each  of  the  filtering  process  and  the  squaring  process  should  be  performed  eight  times.  Namely,  it  is 
necessary  to  perform  the  frequency  conversion  process  by  the  number  of  times  which  is  equal  to  the 

25  number  of  subcarriers  and  to  perform  each  of  the  filtering  processes  and  the  squaring  process  by  the 
number  of  times  which  is  twice  as  large  as  the  number  of  subcarriers. 

There  is  a  problem  that  an  attempt  to  cope  such  a  large  quantity  of  frequency  conversion  process, 
filtering  process  and  so  forth  by  the  extension  of  a  hardware  results  in  an  increase  in  circuit  scale  and  an 
attempt  at  realization  by  a  software  results  in  the  difficulty  of  the  processing  in  a  real  time. 

30 
SUMMARY  OF  THE  INVENTION 

An  object  of  the  present  invention  is  to  solve  the  above-mentioned  problem  of  the  prior  art  or  to  provide 
a  synchronous  adder  device  in  which  the  same  function  as  the  conventional  device  can  be  performed  with  a 

35  small-scale  circuit  construction. 
To  that  end,  a  synchronous  adder  device  of  the  present  invention  comprising  A/D  conversion  means  for 

sampling/digitizing  a  receive  signal  transmitted  through  a  plurality  of  subcarriers  and  means  for  determining 
the  value  of  synchronous  addition  for  each  sample  is  provided  with  a  synthetic  waveform  shaping  filter  for 
waveform-shaping  every  other  subcarrier,  squaring  means  for  squaring  an  output  of  the  synthetic  waveform 

40  shaping  filter,  and  a  low  pass  filter  for  removing  a  higher  harmonic  component  from  the  sum  of  outputs  of 
the  squaring  means. 

With  such  a  construction,  in  the  case  where  the  signal  is  transmitted  through  four  subcarriers, 
synchronous  addition  becomes  possible  by  using  the  synthetic  waveform  shaping  filters  the  number  of 
which  is  two  for  each  of  an  I  signal  and  a  Q  signal  or  is  four  in  total.  The  number  of  squaring  means  equal 

45  to  the  number  of  synthetic  waveform  shaping  filters  suffices. 
Though  an  output  of  the  squaring  means  includes  an  envelope  component  and  a  higher  harmonic 

component  since  the  squaring  means  squares  signals  of  the  plurality  of  subcarriers  together  or  collectively, 
the  higher  harmonic  component  can  be  removed  by  the  low  pass  filter,  thereby  making  it  possible  to  extract 
only  the  envelope  component. 

50  Since  the  synthetic  waveform  shaping  filter  extracts  every  other  subcarrier,  the  leakage  of  a  higher 
harmonic  component  into  an  envelope  caused  by  the  squaring  is  little.  As  a  result,  accurate  synchronous 
addition  becomes  possible. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
55 

Fig.  1  is  a  block  diagram  showing  the  construction  of  the  conventional  synchronous  adder  device; 
Figs.  2A  to  2C  are  diagrams  showing  the  frequency  allocation  of  subcarriers  for  explaining  the  operation 
of  the  conventional  synchronous  adder  device; 
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Fig.  3  is  a  block  diagram  showing  the  construction  of  a  synchronous  adder  device  according  to  an 
embodiment  of  the  present  invention;  and 
Figs.  4A  to  4G  are  diagrams  showing  the  frequency  allocation  of  subcarriers  for  explaining  the  operation 
of  the  synchronous  adder  device  according  to  the  embodiment  of  the  present  invention. 

5 
DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

A  synchronous  adder  device  according  to  an  embodiment  of  the  present  invention  is  shown  in  Fig.  3. 
The  device  includes  A/D  converters  52  and  53  for  digitizing  an  input  I  signal  50  and  an  input  Q  signal  51  , 

io  respectively,  by  sampling  them  at  a  rate  which  is  integer  times  as  high  as  a  symbol  rate,  frequency 
converters  54  and  55  for  performing  frequency  conversion  to  adapt  the  frequency  of  the  input  signal  to  a 
frequency  characteristic  of  the  subsequent  synthetic  waveform  shaping  filter,  synthetic  waveform  shaping 
filters  56  to  59  having  a  waveform  shaping  characteristic  for  every  other  subcarrier,  squaring  circuits  60  to 
63  for  squaring  the  respective  outputs  of  the  synthetic  waveform  shaping  filters  56  to  59,  an  adder  64  for 

is  adding  the  outputs  of  the  squaring  circuits  60  to  63,  a  low  pass  filter  (LPF)  65  for  removing  a  higher 
harmonic  component  from  an  output  of  the  adder  64,  the  higher  harmonic  component  being  generated  in 
the  squaring  process,  an  adder  circuit  66  for  adding  an  output  of  the  LPF  65  to  a  cumulative  value  stored  in 
a  memory  67,  the  memory  67  for  storing  a  cumulative  value  for  each  sampling  interval,  and  a  decision  point 
detecting  circuit  68  for  detecting,  a  sample  from  which  a  transmit  symbol  is  to  be  reproduced,  from  the 

20  maximum  value  of  the  cumulative  values  for  the  respective  sampling  intervals. 
The  A/D  converter  52  or  53  of  this  device  is  inputted  with  an  in-phase  component  (or  I  signal)  50  or  a 

quadrature  component  (or  Q  signal)  51  of  a  receive  signal  transmitted  through  four  subcarriers  a1  ,  a2,  a3 
and  a4  which  have  their  frequencies  shifted  from  a  center  frequency  by  -3Ac»,  -Aw,  Aw  and  3Ac»,  as  shown 
in  Fig.  4A.  The  A/D  converter  52  and  53  digitize  the  input  signal  at  a  sampling  rate  which  is  integer  times  as 

25  high  as  the  symbol  rate. 
The  outputs  69  and  70  of  the  A/D  converters  52  and  53  are  inputted  to  the  frequency  converters  54  and 

55,  respectively.  The  frequency  converter  54  converts  or  moves  the  frequency  of  the  input  signal  by  +Ao>, 
as  shown  in  Fig.  4B,  and  the  frequency  converter  55  converts  the  frequency  of  the  input  signal  by  -Aw,  as 
shown  in  Fig.  4D. 

30  The  I  and  Q  signals  71  and  72  frequency-converted  by  the  frequency  converter  54  are  inputted  to  the 
synthetic  waveform  shaping  filters  56  and  57,  respectively.  Similarly,  the  I  and  Q  signals  73  and  74 
frequency-converted  by  the  frequency  converter  55  are  inputted  to  the  synthetic  waveform  shaping  filters 
58  and  59,  respectively. 

Each  of  the  synthetic  waveform  shaping  filters  56  to  59  has  a  characteristic  with  which  the  waveform 
35  shaping  of  every  other  subcarrier  is  performed  as  shown  by  b1  and  b2  in  Figs.  4B  and  4D.  The  I  and  Q 

signals  75  and  76  waveform-shaped  by  the  synthetic  waveform  shaping  filters  56  and  57  have  waveforms 
shown  in  Fig.  4C,  and  the  I  and  Q  signals  77  and  78  waveform-shaped  by  the  synthetic  waveform  shaping 
filters  58  and  59  have  waveforms  shown  in  Fig.  4E. 

Signals  75  to  78  outputted  from  the  synthetic  waveform  shaping  filters  56  to  59  are  respectively 
40  squared  by  the  squaring  circuits  60  to  63  and  are  then  added  by  the  adder  64. 

By  virtue  of  the  squaring  process  in  the  squaring  circuits  60  to  63,  an  output  of  the  adder  64  includes 
not  only  an  envelope  component  c1  but  also  harmonic  components  c2  and  c3  which  are  four  times  as  high 
as  the  envelope  component,  as  shown  in  Fig.  4F.  These  harmonic  components  c2  and  c3  are  removed  a 
low  pass  filter  having  a  filtering  characteristic  shown  by  d  in  Fig.  4F  so  that  only  an  envelope  component 

45  shown  in  Fig.  4G  is  inputted  to  the  adding  circuit  66. 
The  operations  of  the  adding  circuit  66,  the  memory  67  and  the  decision  point  detecting  circuit  68  are 

the  same  as  those  in  the  conventional  device  shown  in  Fig.  1. 
A  process  until  the  envelope  signal  is  obtained  in  the  present  synchronous  adder  device  will  now  be 

explained  by  use  of  mathematical  expressions. 
50  A  receive  signal  transmitted  to  the  device  through  four  subcarriers  can  be  represented  by  A  in  the 

following  equation  (1).  Suffixes  "1",  "2",  "3"  and  "4"  in  the  equation  (1)  represents  1,  2,  3  and  4  of  the 
subcarriers  a1,  a2,  a3  and  a4.  The  equation  (1)  is  written  using  relations  shown  by  equations  (2)  to  (5).  In 
the  equation  (1),  Aw  is  represented  by  he. 

55  A  =  aie^e-j38"'  +  a2eJe2.e-Ji"t  +  ase^W"'   +  a^e^e'38"'  (1) 

ii  +  jqi  =  ai  e'61  (2) 

4 
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i2  +  jq2  =  a2e>ez  (3) 

is  +  jq3  =  a3eJe3  (4) 

5  k  +  jq+  =  aie'"4  (5) 

Since  the  receive  signal  involves  a  frequency  offset,  a  receive  signal  with  the  frequency  offset  co(off) 
taken  into  consideration  can  be  represented  in  a  form  A'  shown  by  the  following  equation  (6): 

w  A'  =  A  x  eJ<a(0,,)t  (6) 

The  frequency  converter  54  provides  the  frequency  conversion  of  +Ac»  to  the  signal  A'.  A  signal  Ar 
outputted  from  the  frequency  converter  54  is  represented  by  the  following  equation  (7): 

75  Ai  '  =  A  x  eJi<at  x  eJ<a(0,,)t  (7) 

On  the  other  hand,  the  frequency  converter  55  provides  the  frequency  conversion  of  -Aco  to  the  signal 
A'  represented  by  the  equation  (6).  A  signal  A2'  outputted  from  the  frequency  converter  55  is  represented 
by  the  following  equation  (8): 

20 
A2'  =  A  x  e"j!<at  x  eJ"(0,,)t  (8) 

The  synthetic  waveform  shaping  filters  56  and  57  waveform-shapes  the  signal  of  the  equation  (7)  to 
leave  the  subcarrier  1  (a1  in  Fig.  4C)  and  the  subcarrier  3  (a3  in  Fig.  4C).  As  a  result,  a  signal  A1F' 

25  outputted  from  the  synthetic  waveform  shaping  filters  56  and  57  is  as  follows: 

A1F'  =  (ai  eie1  •  e_  j2{,ot  +  ase'63^28"')*^0"''  (9) 

On  the  other  hand,  the  synthetic  waveform  shaping  filters  58  and  59  waveform-shapes  the  signal  of  the 
30  equation  (7)  to  leave  the  subcarrier  2  (a2  in  Fig.  4E)  and  the  subcarrier  4  (a4  in  Fig.  4E).  As  a  result,  a 

signal  A2F'  outputted  from  the  synthetic  waveform  shaping  filters  58  and  59  is  as  follows: 

A2F'  =  (a2eJe2.e-J2i"t  +  a^e4'^2M)  x  eJ"(0,,)t  (10) 

35  The  I  signal  outputted  from  the  synthetic  waveform  shaping  filter  56  is  squared  by  the  squaring  circuit 
60,  and  the  Q  signal  outputted  from  the  synthetic  waveform  shaping  filter  57  is  squared  by  the  squaring 
circuit  61  .  The  sum  of  signals  outputted  from  the  squaring  circuits  60  and  61  is  represented  by  the  following 
equation  (11): 

40 
A !  2 M1F  A1F IF 

45 

=  ( a ^ 6 1   •  e-j26wt  +  a3ej63  •  e  

x  ejc(off)t  x  ( a ie - J0 i   .  e. 

+  a3e"je3  •  e-j26wt)  X  e -  -j  CO  (of  f  )  t 

J2S  tut 

j  2  <5  ut 

) 

+  a ^ e  -j4<5o)t  .  _j(01-03) 

50 

55 

+  a3a1eJ4a,1't  •  e j (63-e i )  

=  (ix2  +  qx2  +  i32  +  q32)  +  ( i . i ,  

+  qxq3  ) c o s (   4  S  wt   ) —   ( I D  

5 
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Also,  the  I  signal  outputted  from  the  synthetic  waveform  shaping  filter  58  is  squared  by  the  squaring 
circuit  62,  and  the  Q  signal  outputted  from  the  synthetic  waveform  shaping  filter  59  is  squared  by  the 
squaring  circuit  63.  The  sum  of  signals  outputted  from  the  squaring  circuits  62  and  63  is  represented  by  the 
following  equation  (12): 

5 

10 

A  '  2  = A   '  X A   ' *  I  ft2F  1  "2F  "2F 

=  (a2ej(?2  •  ei2d(ot  +  a4ej(?4  •  eJ26cut)  X  ejw(off)t  
10 

X  (a2e"je2  •  ej26a,t  +  a4e'j  94  •  e-J2a<ut  ) 

X  e-j">(off)t 

is  =  a22  +  a42  +  a2a4e-j46wt  - e j (e2-e4)  

+  a4a2ej46a,t  •  ej((?4-e2) 

20 
=  (i22  +  q22  +  i42  +  q42)  +  (  i 2 i 4  

+  q 2 q 4 ) c o s ( 4 < 5   Wt)  ( 1 2 )  

A  square  sum  outputted  from  the  adder  64  for  all  the  subcarriers  is  the  addition  of  the  equations  (11) 
25  and  (12),  that  is,  as  follows: 

(ii2  +  qi2)  +  (i22  +  q22)  +  (is2  +  q32)  +  (k2  +  q+2)  +  {(his  +  qiq3)  +  O2U  +  q2q+)}cos(45cot)  (13) 

As  apparent  from  the  expression  (13),  the  result  of  squaring  includes  an  envelope  (h2  +  qi2)  +  (i22  + 
30  q22)  +  (i32  +  q32)  +  (k2  +  q+2)  and  the  fourth  harmonic  component.  This  harmonic  component  is  removed 

by  the  LPF  65.  As  a  result,  only  envelope  data  represented  by  the  following  expression  (14)  is  sent  to  the 
adder  66: 

(ii2  +  qi2)  +  (i22  +  q22)  +  (is2  +  q32)  +  (k2  +  q̂ 2)  (14) 
35 

Thus,  the  synchronous  adder  device  of  the  present  embodiment  obtains  the  envelope  data  by  using 
two  frequency  converters,  four  synthetic  waveform  shaping  filters,  four  squaring  circuits  for  squaring  the 
respective  outputs  of  the  synthetic  waveform  shaping  filters,  and  a  low  pass  filter  for  removing  a  higher 
harmonic  component  generated  by  the  squaring.  The  circuit  scale  of  the  device  of  the  present  embodiment 

40  is  remarkably  small  as  compared  with  that  of  the  conventional  device  shown  in  Fig.  1. 
Also,  in  the  synchronous  adder  device  of  the  present  embodiment,  every  other  subcarrier  is  extracted 

by  the  synthetic  waveform  shaping  filter  and  is  then  squared  by  the  squaring  circuit.  Therefore,  the  leakage 
of  harmonic  components  to  an  envelope  becomes  little.  As  a  result,  the  design  of  the  low  pass  filter 
become  simple. 

45 
Claims 

1.  A  synchronous  adder  device  comprising: 
a  plurality  of  synthetic  waveform  shaping  filters  (56-59)  for  waveform-shaping  every  other  subcar- 

50  rier;  and 
squaring  means  (60-63)  for  squaring  outputs  of  said  plurality  of  synthetic  waveform  shaping  filters 

respectively. 

2.  A  synchronous  adder  device  according  to  Claim  1  ,  further  comprising  a  low  pass  filter  (65)  for  removing 
55  harmonic  components  from  a  sum  of  output  signals  of  said  squaring  means. 

3.  A  synchronous  adder  device  comprising: 
A/D  converter  means  (52,  53)  for  digitizing  an  input  signal  by  sampling  it  at  a  rate  which  is  integer 

6 



EP  0  656  707  A2 

times  as  high  as  a  symbol  rate; 
a  plurality  of  synthetic  waveform  shaping  filters  (56-59)  for  waveform-shaping  every  other  subcar- 

rier; 
squaring  means  (60-63)  for  squaring  outputs  of  said  plurality  of  synthetic  waveform  shaping  filters 

5  respectively; 
adding  means  (64)  for  adding  output  signals  of  said  squaring  means;  and 
a  low  pass  filter  (65)  for  removing  harmonic  components  from  an  output  signal  of  said  adding 

means. 

70  4.  A  synchronous  adder  device  according  to  Claim  3,  wherein  said  input  signal  includes  an  I  signal  and  a 
Q  signal. 

5.  A  synchronous  adder  device  according  to  Claim  3  or  4,  further  comprising: 
a  memory  (67)  for  storing  a  cumulative  value  for  each  sampling  interval; 

75  adding  means  (66)  for  adding  an  output  of  said  low  pass  filter  to  the  cumulative  value  stored  in  said 
memory;  and 

decision  point  detecting  means  (68)  for  detecting  a  sample,  from  which  a  transmit  symbol  is  to  be 
reproduced,  from  the  maximum  value  of  said  cumulative  value. 
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