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Description 

The  present  invention  relates  to  a  PCM  com- 
munication  apparatus  for  multiplexing  signals  on  a 
plurality  of  channels  and,  more  particularly,  to  a 
PCM  communication  apparatus  constructed  such 
that  a  code  allocated  to  a  time  slot  of  a  non- 
connected  channel  when  the  number  of  channels 
connected  to  a  multiplexer  unit  is  smaller  than 
allowed  multiplicity  and  a  code  appearing  in  a  time 
slot  of  a  particular  channel  which  is  connected  to 
the  multiplexer  unit  but  not  supplied  with  an  input 
signal,  i.e.,  idle  channel,  are  identical  with  each 
other. 

In  a  PCM  communication  apparatus  of  the  type 
described,  it  has  been  customary  to  encode  input 
signals  channel  by  channel  and  cause  a  multiplexer 
unit  to  time  division  multiplex  output  signals  on  the 
respective  channels  for  sending  them  out  to  a 
communication  link. 

Electronic  circuits  assigned  to  the  channels  are 
respectively  accommodated  in  packages  to  con- 
stitute  channel  units  which  ace  in  turn  connected  to 
input  connectors  of  the  multiplexer  unit.  Data  lines 
at  the  input  side  of  the  multiplexer  unit  are  pulled 
up  or  pulled  down  so  that  the  input  levels  of  the 
channel  signals  may  be  feed  from  instability.  Usu- 
ally,  the  input  data  lines  are  pulled  up  because 
should  they  be  pulled  down,  the  level  of  logical 
ONEs  which  are  included  in  channel  codes  would 
be  lowered  proportionally  to  division  of  resistance 
effected  by  pull-down  resistors  and,  thereby,  liable 
to  be  erroneously  determined  as  ZEROs.  In  the 
pull-up  type  arrangement,  while  any  of  the  channel 
units  is  not  connected  to  the  multiplexer  unit,  a 
disengaged  channel  input  level  at  the  multiplexer 
unit  becomes  a  ONE  so  that  the  multiplexer  unit 
multiplexes  a  sequence  of  ONEs  representative  of 
a  disconnected  state  together  with  data  on  the 
other  channels.  However,  where  a  code  consisting 
of  a  sequence  of  ONEs  is  one  of  the  channels,  the 
non-connected  channel  appears  as  if  it  were  busy. 

To  settle  such  a  problematic  situation,  there 
has  been  proposed  a  system  in  which  a  multiplexer 
unit  uses  special  monitor  lines  for  monitoring  con- 
nections  of  channels.  In  this  system,  while  any 
channel  is  not  connected,  the  multiplexer  unit  de- 
tects  an  open  state  of  the  associated  monitor  line 
at  its  disengaged  channel  input  side.  In  response  to 
the  detection  of  the  open  state,  the  multiplexer  unit 
generates  a  code  identical  with  a  particular  one 
which  is  generated  when  any  channel  is  idle,  that 
code  being  multiplexed  together  with  other  channel 
data.  Hence,  the  non-connected  state  of  the  chan- 
nel  unit  is  treated  as  an  idle  state  of  channel  data. 
The  problem  with  this  implementation  is  that  the 
monitor  lines  must  be  connected  one  to  each  chan- 
nel  unit  for  the  detection  of  disengaged  channels 

while  increasing  the  number  of  connectors  neces- 
sary  for  the  connection  of  the  monitor  lines,  result- 
ing  in  an  expensive  construction  and  a  dispropor- 
tionate  space  requirement. 

5  DE-A-2  460  234  discloses  a  PCM  communica- 
tion  apparatus  according  to  the  pre-characterizing 
portion  of  claim  1  .  The  system  comprises  a  trans- 
mitter  and  a  receiver  and  is  characterized  by  a 
scrambler  being  used  as  a  pulse  generator. 

io  It  is  an  object  of  the  present  invention  to  pro- 
vide  a  PCM  communication  apparatus  which,  while 
a  channel  unit  is  not  connected  to  a  multiplexer 
unit,  transmits  the  non-connected  state  with  accu- 
racy  and  sends  the  same  code  as  an  idle  code 

75  which  occurs  in  a  channel  connected  condition 
without  resorting  to  any  special  means  otherwise 
required  to  detect  connections  of  channel  units. 

This  object  is  achieved  by  the  PCM  commu- 
nication  apparatus  according  to  the  claim. 

20  The  PCM  communication  apparatus  of  the 
present  invention  receives  over  data  lines  which 
are  pulled  up  data  that  have  been  produced  by 
encoding  input  signals  channel  by  channel  accord- 
ing  to  a  predetermined  encoding  rule,  and  multi- 

25  plexes  the  encoded  data.  Each  of  channels  units 
includes  encoding  means  for  encoding  an  input 
signal  according  to  the  predetermined  encoding 
rule  and,  while  the  input  signal  is  absent,  generat- 
ing  a  particular  code,  and  code  converting  means 

30  responsive  to  an  output  of  the  encoding  means  for 
inverting  codes  of  those  bits  which  correspond  to 
ZERO  code  positions  of  the  particular  code.  A 
multiplexer  unit  includes  means  for  pulling  up  data 
lines  to  which  the  channels  are  individually  plugged 

35  in,  a  plurality  of  reconverting  means  each  for  re- 
converting  those  codes  at  bit  positions  which  are  to 
be  inverted  by  the  code  converting  means,  and 
multiplexing  means  for  time  division  multiplexing 
outputs  of  the  code  converting  means. 

40  The  object  of  the  present  invention  is  achieved 
due  to  provision  of  the  code  converting  means  and 
the  code  reconverting  means. 

The  present  invention  will  be  better  understood 
from  the  following  detailed  description  taken  in 

45  conjunction  with  the  accompanying  drawings  in 
which: 

Fig.  1  is  a  block  diagram  of  a  PCM  communica- 
tion  apparatus  embodying  the  present  invention; 
Fig.  2  is  a  block  diagram  showing  a  part  of  the 

50  apparatus  of  Fig.  1  in  detail;  and 
Fig.  3  is  a  timing  chart  demonstrating  the  opera- 
tion  of  the  apparatus  shown  in  Figs.  1  and  2. 

Referring  to  Fig.  1  of  the  drawings,  a  PCM 
communication  apparatus  of  the  present  invention 

55  embodying  the  present  invention  is  shown  and 
includes  channel  units  1,  2  and  3  and  a  multiplexer 
unit  12.  In  this  particular  embodiment,  the  appara- 
tus  is  a  PCM  terminal  constructed  to  encode  voice 
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frequency  signals  as  prescribed  by  CCITT 
(Consultative  Committee  of  International  Telegraph 
and  Telephone)  Recommendation  G.711,  A-law  and 
then  multiplex  output  data  on  respective  channels. 
The  channel  units  1,  2  and  3  which  are  identical  in 
construction  are  connected  to  individual  data  lines 
100  through  connectors,  not  shown. 

As  shown  in  Fig.  1,  the  channel  unit  1  com- 
prises  an  input  terminal  4  to  which  an  analog  voice 
signal  is  applied,  a  filter  5  for  limiting  the  frequency 
band  of  the  voice  signal,  a  digital  conversion  circuit 
6  adapted  to  encode  the  voice  signal  according  to 
CCITT  Recommendation  G.711,  A-law,  a  code  con- 
version  circuit  7  in  accordance  with  the  present 
invention,  a  timing  setting  circuit  8  for  supplying 
encoding  timing  pulses  to  the  circuits  6  and  7 
responsive  to  timing  pulses  which  are  delivered  to 
the  circuit  8  from  the  multiplexer  unit  12. 

The  digital  conversion  circuit  6  encodes  the 
voice  signal  based  on  the  A-law  to  generate  an 
eight-bits  code.  While  the  channel  does  not  send 
any  voice  signal,  the  circuit  6  generates  an  idle 
code  "11010101"  or  "01010101"  according  to  the 
encoding  rule  as  prescribed  by  the  A-law.  Here,  the 
first  bit  of  the  idle  code  is  representative  of  a 
polarity  of  the  data.  The  code  conversion  circuit  7 
inverts  the  input  digital  signal  at  each  ZERO  posi- 
tion  of  the  idle  code  and,  hence,  the  third,  fifth  and 
seventh  bits  of  the  A-law  code  are  inverted. 

The  multiplexer  unit  12  comprises  code  re- 
conversion  circuits  9  each  of  which  is  adapted  to 
invert  those  bits  of  the  code  which  have  been 
inverted  by  the  associated  circuit  7  to  restore  the 
original  A-law  code,  a  multiplexing  circuit  10  for 
multiplexing  outputs  of  the  circuit  9  on  a  time 
division  basis,  a  clock  generator  13  for  generating 
a  reference  clock,  and  a  timing  pulse  generation 
circuit  14  adapted  to  generate  timing  pulses  for 
controlling  the  multiplexing  timing  as  well  as  the 
respective  channel  operation  timings. 

Assuming  that  the  channel  unit  1  ,  for  example, 
is  in  an  idle  state,  the  digital  conversion  circuit  6 
delivers  an  idle  code,  i.e.  "11010101"  or 
"01010101".  Since  the  code  conversion  circuit  7 
inverts  the  idle  code  at  its  ZERO  positions,  i.e.,  the 
third,  fifth  and  seventh  bits  of  the  A-law  code,  it 
produces  an  output  code  "11111111"  or 
"01111111".  Meanwhile,  the  input  data  lines  100  of 
the  multiplexer  unit  12  are  connected  to  a  power 
source  Vc  via  pull-up  resistors  11a,  11b  and  11c, 
respectively,  so  that  the  code  level  may  be  pre- 
vented  from  becoming  unstable.  Hence,  so  long  as 
the  channel  unit  is  not  connected  to  the  line  100,  a 
code  ONE  flows  through  the  line  100  at  all  times. 
In  this  condition,  continuously  flowing  through  the 
line  100  from  the  idle  channel  is  a  code 
"11111111"  which  is  identical  with  the  code  as  is 
supplied  from  the  idle  channel  unit.  As  previously 

mentioned,  each  code  reconversion  circuit  9  rein- 
verts  the  third,  fifth  and  seventh  bits  of  the  code 
which  have  been  inverted  by  the  code  conversion 
circuit  7  of  the  associated  channel,  so  that  the  idle 

5  code  "01111111"  or  "11111111"  is  restored  to 
"01010101"  or  "11010101".  Even  when  the  chan- 
nel  unit  is  not  connected  to  the  multiplexer  unit  12, 
the  circuit  9  produces  an  output  code  "11010101" 
which  is  identical  with  the  channel  idle  code.  This, 

io  while  any  of  the  channel  units  is  not  connected  to 
the  multiplexer  unit  12,  prevents  the  associated 
channel  from  appearing  as  if  it  were  busy. 

Referring  to  Fig.  2,  the  code  conversion  circuit 
7  comprises  an  exclusive-OR  (Ex-OR)  gate  71  to 

is  which  the  A-law  data  is  supplied  from  the  digital 
conversion  circuit  6,  and  a  three-states  NOT  gate 
72.  The  code  reconversion  circuit  9  comprises  a 
NOT  gate  91  and  an  Ex-OR  gate  92. 

The  operation  of  the  arrangements  shown  in 
20  Figs.  1  and  2  will  be  described  with  reference  also 

made  to  the  timing  chart  of  Fig.  3.  In  each  channel 
unit,  the  timing  setting  circuit  8  receives  a  clock 
signal  CLK  from  the  clock  generator  13  and  timing 
pulses  from  the  timing  pulse  generation  circuit  14. 

25  Each  of  the  timing  pulses  is  representative  of  the 
leading  time  slot  of  a  frame  which  the  multiplexing 
circuit  10  produces  by  multiplexing  data  on  the 
respective  channels.  Further,  the  circuit  8  produces 
encoding  timing  pulses  a  and  even  bit  inverting 

30  pulses  b.  Appearing  one  for  each  frame  of  the 
multiplexed  signals,  the  encoding  timing  pulses 
have  a  pulse  width  which  is  equal  to  the  length  of 
one  A-law  code.  The  encoding  timing  pulse  a  on 
any  of  the  channels  occurs  one  pulse  later  than  the 

35  encoding  timing  pulse  on  the  immediately  preced- 
ing  channel,  as  shown  in  Fig.  3.  In  each  of  the 
channel  unit,  the  digital  conversion  circuit  6  pro- 
duces  one  A-law  data  during  reception  of  one  en- 
coding  timing  pulse.  Meanwhile,  the  even  bit  invert- 

40  ing  pulses  b  are  applied  to  the  Ex-OR  gate  71  and 
become  high  level  at  even  bits  of  the  output  code 
of  the  circuit  6  to  invert  those  bits  of  the  code.  The 
three-states  NOT  gate  72  inverts  inputs  thereto 
when  supplied  with  the  pulses  a  and  assumes  a 

45  high  impedance  state  when  not  supplied  with  those 
pulses.  Therefore,  while  the  pulses  a  are  high  level, 
the  idle  data  "11010101"  and  "01010101"  become 
respectively  "10000000"  and  "00000000"  at  the 
gate  71  and  then  turn  into  "01111111"  and 

50  "11111111"  when  passed  through  the  gate  72. 
Each  code  reconversion  circuit  9  inverts  the 

input  data  by  the  gate  91  and  then  inverts  even 
bits  of  the  A-law  code  by  means  of  the  Ex-OR  gate 
92,  to  which  even  bit  inverting  pulses  b'  are  ap- 

55  plied.  In  this  manner,  the  circuit  9  inverts  the  code 
in  the  opposite  manner  to  the  circuit  7,  so  that  the 
output  or  the  gate  92  is  the  original  A-law  code. 
Naturally,  even  if  the  channel  is  not  connected  to 

3 
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the  data  line  100,  the  gate  92  outputs  A-law  data 
"01010101"  representative  of  an  idle  state. 

The  multiplexing  circuit  10  time-serially  ar- 
ranges  the  output  data  of  the  reconversion  circuits 
9  so  as  to  send  them  as  one  frame  data  to  a 
communication  link. 

In  the  illustrative  embodiment,  the  data  to  be 
transmitted  are  assumed  to  be  encoded  data  as 
prescribed  by  CCITT  Recommendation  G.711,  A- 
law.  However,  the  present  invention  is  not  limited  to 
the  application  of  the  A-law  and,  so  long  as  a 
particular  code  which  is  to  be  generated  on  any 
channel  when  a  channel  input  signal  is  absent  is 
predetermined,  it  is  applicable  to  codes  which  are 
encoded  by  an  encoding  rule  other  than  the  A-law. 

In  summary,  it  will  be  seen  that  in  accordance 
with  the  present  invention  the  idle  channel  data 
which  is  delivered  from  any  of  channel  units  to  a 
multiplexer  unit  when  the  former  is  connected  to 
the  latter  is  identical  with  data  which  is  generated 
when  the  former  is  not  connected  to  the  latter. 
This,  when  the  channel  unit  is  not  connected,  pre- 
vents  the  non-connected  channel  from  appearing 
as  if  it  were  connected. 

Claims 

1.  A  PCM  communication  apparatus  comprising  a 
plurality  of  channel  units  (1,  2,  3)  for  encoding 
an  input  signal  on  each  of  a  plurality  of  chan- 
nels  to  encoded  data  according  to  a  predeter- 
mined  encoding  rule  while  the  input  signal  is 
absent,  generating  a  particular  code  including 
ZERO  code,  and  a  multiplexer  unit  (12)  for 
multiplexing  the  encoded  data  on  the  respec- 
tive  channels, 

said  PCM  communication  apparatus  being 
characterized  in  that 

each  of  said  plurality  of  channel  units  (1  ,  2, 
3)  includes  code  converting  means  (7)  respon- 
sive  to  said  encoded  data  for  inverting  codes 
of  those  bits  which  correspond  to  ZERO  code 
positions  of  said  particular  code;  and  in  that 
said  multiplexer  unit  (12)  includes  means  (11a- 
c)  for  pulling  up  data  lines  (100)  to  which  said 
channel  units  (1,  2,  3)  are  individually  con- 
nected,  a  plurality  of  code  reconverting  means 
(9)  each  for  reinverting  those  codes  at  bit 
positions  which  are  to  be  inverted  by  said 
code  converting  means  (7),  and  multiplexing 
means  (10)  for  time  division  multiplexing  out- 
puts  of  said  code  reconverting  means  (9). 

Patentanspruche 

1.  PCM-Kommunikationsvorrichtung  mit  mehreren 
Kanaleinheiten  (1,  2,  3)  zum  Codieren  eines 
Eingangssignals  auf  jedem  von  mehreren  Ka- 

nalen  zu  codierten  Daten  gema/S  einer  be- 
stimmten  Codierregel,  wahrend  kein  Eingangs- 
signal  vorliegt,  wobei  ein  bestimmter  Code  ein- 
schliefilich  eines  NULL-Codes  erzeugt  wird, 

5  und  mit  einer  Multiplexereinheit  (12)  zum  Multi- 
plexieren  der  codierten  Daten  auf  die  jeweili- 
gen  Kanale, 

wobei  die  PCM-Kommunikationsvorrich- 
tung  dadurch  gekennzeichnet  ist, 

io  da/S  jede  der  mehreren  Kanaleinheiten  (1, 
2,  3)  eine  auf  die  codierten  Daten  ansprechen- 
de  Code-Konvertiereinrichtung  (7)  aufweist 
zum  Invertieren  von  Codes  derjenigen  Bits,  die 
NULL-Codepositionen  des  bestimmten  Codes 

is  entsprechen;  und  da/S  die  Multiplexereinheit 
(12)  Einrichtungen  (11a-c)  zum  Hochziehen 
von  Datenleitungen  (100),  mit  denen  die  Kanal- 
einheiten  (1,  2,  3)  individuell  verbunden  sind, 
mehrere  Code-Ruckkonvertiereinrichtungen  (9) 

20  zum  jeweiligen  Ruckinvertieren  derjenigen  Co- 
des  an  Bitpositionen,  die  von  der  Code-Kon- 
vertiereinrichtung  (7)  invertiert  werden  sollen, 
und  eine  Multiplexiereinrichtung  (10)  zum  Zeit- 
multiplexieren  der  Ausgangssignale  der  Code- 

25  Ruckkonvertiereinrichtungen  (9)  aufweist. 

Revendications 

1.  Dispositif  de  communication  a  modulation  par 
30  impulsions  codees  (MIC)  comprenant  une  mul- 

titude  d'unites  de  canal  (1,  2,  3)  pour  coder  un 
signal  d'entree  sur  chaque  canal  d'une  multitu- 
de  de  canaux  en  donnee  codee  selon  une 
regie  de  codage  predetermined  alors  que  le 

35  signal  d'entree  est  absent,  pour  produire  un 
code  particulier  comprenant  un  code  ZERO,  et 
une  unite  de  multiplexeur  (12)  pour  multiplexer 
la  donnee  codee  sur  les  canaux  respectifs, 

-  ledit  dispositif  de  communication  MIC 
40  etant  caracterise  en  ce  que  : 

-  chaque  unite  de  ladite  multitude  d'unites 
de  canal  (1,  2,  3)  comprend  un  moyen 
(7)  de  conversion  de  code  repondant  a 
ladite  donnee  codee  pour  inverser  les 

45  codes  des  bits  qui  correspondent  aux 
positions  du  code  ZERO  dudit  code  par- 
ticulier;  et  en  ce  que  ladite  unite  de  mul- 
tiplexeur  (12)  comporte  un  moyen  (11a- 
c)  pour  exciter  les  lignes  de  donnees 

50  (100)  auxquelles  lesdites  unites  de  canal 
(1,  2,  3)  sont  reliees  individuellement, 
une  multitude  moyens  de  reconversion 
de  code  (9),  chacun  pour  reinverser  les 
codes  aux  positions  des  bits  qui  doivent 

55  etre  inversees  par  ledit  moyen  de 
conversion  de  code  (7)  et  un  moyen  de 
multiplexage  (10)  pour  multiplexer  en 
temps  partage  les  sorties  dudit  moyen 
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de  reconversion  de  code  (9). 
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