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INTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
MULTIMEDIA SYSTEMS AND EQUIPMENT –  
MULTIMEDIA SIGNAL TRANSMISSION  –  

DEPENDABLE LINE  CODE  WITH  ERROR CORRECTION  
 

FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commiss ion  ( I EC)  i s  a  worl dwide  organ ization  for standard ization  compris i ng  
a l l  n ational  e l ectrotechn ical  commi ttees  ( I EC National  Comm i ttees).  The  object  of I EC i s  to  promote  
i n ternati ona l  co-operation  on  a l l  questions  concern i ng  standard i zati on  i n  the  e l ectri cal  and  e l ectron ic  fi e l ds .  To  
th i s  end  and  i n  add i ti on  to  other acti vi ti es,  I EC publ i shes  I n ternational  Standards,  Techn ical  Speci fi cations,  
Techn ical  Reports ,  Publ i cl y Avai l abl e  Speci fi cati ons  (PAS)  and  Gu ides  (hereafter referred  to  as  “ I EC  
Publ i cation (s )” ) .  Thei r preparation  i s  en trusted  to  techn ical  commi ttees;  any I EC Nati onal  Commi ttee  i n terested  
i n  the  subj ect  deal t  wi th  may parti ci pate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non -
governmental  organ izations  l i a i s i ng  wi th  the  I EC a l so  parti cipate  i n  th i s  preparation .  I EC col l aborates  cl osel y 
wi th  the  I n ternational  Organ i zation  for Standard ization  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
agreement between  the  two  organ i zati ons.  

2)  The  formal  decis ions  or ag reements  of I EC on  techn ical  matters  express,  as  nearl y  as  possib le,  an  i n ternati onal  
consensus  of opi n ion  on  the  rel evant sub jects  s i nce  each  techn ical  commi ttee  has  representati on  from  a l l  
i n terested  I EC National  Committees.   

3)  I EC Publ i cations  have  the  form  of recommendations  for i n ternational  use  and  are  accepted  by I EC National  
Commi ttees  i n  that  sense.  Whi l e  a l l  reasonable  efforts  are  made  to  ensure  that  the  techn ical  content  of I EC  
Publ i cations  i s  accu rate,  I EC  cannot  be  hel d  responsi ble  for the  way i n  wh ich  they are  used  or for any 
m i s i n terpretation  by any end  u ser.  

4)  I n  order to  promote  i n ternational  u n i form i ty,  I EC National  Commi ttees  undertake  to  app ly I EC Pub l i cations  
transparentl y to  the  maximum  extent  poss ible  i n  the i r national  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC Pub l i cation  and  the  correspond i ng  national  or reg i onal  publ i cati on  shal l  be  cl earl y i n d icated  i n  
the  l atter.  

5)  I EC i tsel f d oes  not  provi de  any attestation  of conform i ty.  I n dependent  certi fi cati on  bod ies  provi de  conform i ty 
assessment  services  and ,  i n  some  areas,  access  to  I EC marks  of conform i ty.  I EC i s  not  responsi ble  for any 
services  carri ed  ou t  by i ndependent certi fi cation  bod i es .  

6)  Al l  u sers  shou ld  ensure  that  they have  the  l atest  ed i ti on  of th i s  publ i cati on .  

7)  No  l i abi l i ty shal l  attach  to  I EC  or i ts  d i rectors,  employees,  servants  or agen ts  i ncl ud ing  i n d ivi dual  experts  and  
members  of i ts  techn ical  comm i ttees  and  I EC  Nati onal  Commi ttees  for any personal  i n j u ry,  property  damage  or 
other damage  of any natu re  whatsoever,  whether d i rect  or i nd i rect,  or for costs  ( i ncl ud i ng  l egal  fees)  and  
expenses  ari s i ng  ou t  of the  publ i cation ,  use  of,  or re l i ance  upon ,  th i s  I EC Publ i cati on  or any other I EC  
Publ i cations.   

8)  Atten tion  i s  d rawn  to  the  Normative  references  ci ted  i n  th i s  publ i cation .  Use  of the  referenced  publ i cations  i s  
i nd i spensable  for the  correct appl i cati on  of th i s  publ i cation .  

9)  Atten tion  i s  d rawn  to  the  poss ib i l i ty that  some of the  e l ements  of th i s  I EC Publ i cation  may be  the  subject  of 
paten t ri gh ts.  I EC shal l  not  be  hel d  respons ibl e  for i denti fyi ng  any or a l l  such  paten t ri gh ts .  

The  main  task of I EC  techn ica l  committees  is  to  prepare  I n ternational  Standards.  However,  a  
techn ical  committee  may propose  the  publ ication  of a  techn ica l  report  when  i t  has  col l ected  
data  of a  d i fferent ki nd  from  that wh ich  i s  normal l y publ ished  as  an  I n ternational  Standard ,  for 
example  "state  of the  art" .  

I EC  TR 63094,  wh ich  is  a  techn ica l  report,  has  been  prepared  by I EC techn ical  committee  1 00 :  
Aud io,  video and  mu l timed ia  systems  and  equ ipment.  

The  text of th is  techn ica l  report i s  based  on  the  fol l owing  documents :  

Enqu i ry d raft  Report  on  voti ng  

1 00/2823A/DTR 1 00/2871 /RVDTR 

 

Fu l l  i n formation  on  the  voti ng  for the  approval  of th is  techn ica l  report can  be  found  in  the  
report on  voti ng  ind icated  i n  the  above  table.  
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Th is  document has  been  drafted  i n  accordance  wi th  the  I SO/IEC  D i rectives,  Part 2 .  

The  committee  has  decided  that the  con ten ts  of th is  document wi l l  remain  unchanged  un ti l  the  
stabi l i ty date  i nd icated  on  the  I EC  websi te  under "h ttp: //webstore. iec. ch "  i n  the  data  re lated  to  
the  speci fic document.  At  th is  date,  the  document wi l l  be   

•  reconfi rmed ,  

•  wi thdrawn ,  

•  rep laced  by a  revised  ed i tion ,  or 

•  amended .  

A b i l i ngual  vers ion  of th is  publ ication  may be  i ssued  at  a  l ater date.  

 

IMPORTANT – The  'colour inside'  logo  on  the  cover page  of th is  publ ication  i nd icates  
that i t  contains  colours  which  are  considered  to  be  usefu l  for the  correct  
understand ing  of i ts  contents.  Users  shou ld  therefore print  th is  document using  a  
colour prin ter.  
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INTRODUCTION  

This  document defines  a  l ine  code  that i ncorporates  error correction  capabi l i ty to  
communicate  re l iabl y among  mu l timed ia  components,  I /O  peripherals  and  computers.  A 
number of complex mu l timed ia  mach ines,  i n  particu lar robots,  au tomobi l es ,  and  network 
rou ters,  have  a  growing  demand  for d istributed  process ing .  I n  add i ti on ,  modern ization  of 
faci l i ti es  such  as  factories,  offices,  schools ,  and  homes  i s  creating  a  ubiqu i tous  and  
mu l timed ia  computing  envi ronment.  Un l ike  conven tional  PC appl ications  for documentation  
and  I n ternet  appl ications  that  exchange  texts  wi thou t  hard  time constrain ts,  these  types  of 
cooperative  computing  requ ire  re l iable  real - time responses  to  phys ical  even ts  occurring  i n  the  
real  world .  I n  order for d i stribu ted  nodes  to  cooperate  i n  real - time,  an  i n terconnecting  network 
shal l  rea l i ze  real -time  and  dependable  communication  wi thou t re-send ing  on  noisy 
envi ronments .  The  4b/1 0b  provides  a  dependable  l i ne  code  for such  rea l -time 
communications  between  mu l timed ia  components ,  I /O  peripherals  and /or computers  by 
provid ing  embedded  clock,  DC  balance,  error detection  and  error correction  features.  

The  real -time aspect means  that the  exactness  of the  system  includ ing  operations  and  
communications  depends  not on l y on  the  resu l t,  bu t  a lso  on  the  time  i t  took to  ach ieve  the  
resu l t.  I n  the  narrow sense,  the  real - time aspect means  that the  time constrain t,  i nclud ing  
dead l i nes  or cycles ,  must be  met.  

Real -time  tasks  wi th  the  time  constrain ts  are  general l y schedu led  and  executed  by a  rea l - time 
schedu ler and  a  rea l - time  operating  system .  Most  rea l - time  schedu l i ng  al gori thms  assume 
that  the  WCET (worst-case  execu tion  time)  of each  task i s  g i ven .  A real -time schedu l ing  
a lgori thm  converts  a  time constrain t of each  real - time  task to  a  priori ty.  Most real - time 
operati ng  systems  based  on  such  rea l -time schedu lers  pre-empt and  execute  tasks  in  order of 
priori ty at  every tick to  meet the  time constrain t.  

As  rea l - time schedu l i ng  a lgori thms,  the  earl iest dead l ine  fi rst  (EDF)  schedu ler,  the  rate  
monoton ic (RM)  schedu ler,  and  their variations  have  been  establ ished ,  as  expla ined  in  Annex 
A.  These  a lgori thms commonl y schedu le  tasks  based  on  priori ti es  determ ined  by the  time 
constrain ts.  

Most  real -time schedu l i ng  a l gori thms assume that the  WCRT (worst-case  response  time)  of 
each  commun ication  packet i s  g i ven  in  case  of communication .  I n  order to  appl y real -time  
schedu l i ng  a lgori thms to  rea l -time commun ications,  pre-emptive  commun ication ,  wh ich  i s  
ach ieved  by Responsive  L ink ( I SO/IEC 24740),  and  the  error correction  capabi l i ty to  preven t 
the  re-send ing  a  broken  packet are  requ i red .  

A l i ne  code  is  a  l owest- l evel  commun ication  protocol  on  a  communication  l i ne.  Most  cu rrent 
l ine  codes  have  a  few typica l  functions  i nclud ing  embedded  clock,  DC  ba lance  and  bas ic error 
detection  features.  The  8b/1 0b  codec i s  a  major example,  wh ich  is  used  for PCI  Express,  USB  
3. 0,  SATA,  I EEE1 394b,  and  1 0GbE.  Bu t no  conventional  l ine  code  has  an  error correction  
capabi l i ty.  

When  an  encoded  code  (a  1 0b  code)  i s  broken  during  commun ication ,  the  mu l ti -b i ts  of the  
decoded  code  (the  8b  code)  are  corrupted .  I n  other words,  when  a  s ing le  bi t  error occurs  i n  
an  encoded  1 0-bi t  code,  the  decoded  8-b i t  code  (a  byte)  i s  complete l y broken.  

When  an  error i s  detected  on  the  decoder,  the  broken  data  is  normal l y re-transm i tted  under 
an  upper- level  commun ication  protocol .  However,  re-transm ission  i s  not  a l l owed  i n  order to  
real i ze  real -time commun ication .  

I t  i s  hard  for a  b i t- l evel  error correction  code  that i ncludes  the  Hamming  code  and  the  BCH  
code  to  i ncorporate  error correction  capabi l i ty,  because  mu l ti -b i ts  of the  decoded  code  are  
broken  even  i f a  s ing le-bi t error occurs  on  the  encoded  code.  
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I n  order to  i ncorporate  error correction  capabi l i ty on  the  8b/1 0b  codec,  a  b lock-level  error 
correction  includ ing  RS  (Reed-Solomon)  is  requ i red  as  a  large  packet- l evel  error correction .  
But the  b lock-level  error correction  is  not su i table  for rea l -time commun ication ,  because  the  
commun ication  l atency becomes  l onger as  i t  i s  impossib le  to  correct the  corrupted  data  un ti l  
a l l  correspond ing  packets  are  received .  

The  l ine  code  4b/1 0b  has  the  fol lowing  d isti ncti ve  features  for rea l -time communications:  

a)  embedded  clock;  

b)  DC  ba lance;  

c)  error detection ;  

d )  error correction .  

No  conventional  l i ne  code  supports  the  above features  at one  time.  For example,  the  i ndustry-
wide  s tandard  8b/1 0b  codec can  be  eas i l y replaced  wi th  the  4b/1 0b  l i ne  code  for h igh l y 
re l i ab le  communications.  

F i gu re  1  shows  a  d istribu ted  control  configu ration  of a  humanoid  robot as  one  of the  typical  
appl ications  of the  4b/1 0b  l ine  code.  The  e lectron ic  con trol  part  of the  humanoid  robot 
cons ists  of several  control  nodes  wi th  l ocal  sens ing  and  actuating  devices.  The  d istributed  
con trol l ers  are  connected  to  each  other by Responsive  L ink.  I n  th is  figure,  rectang les  
represent  node  con trol l ers,  and  dotted  l i nes  show communication  l i nks  such  as  the  
Responsive  L ink that  i s  a  poin t-to-poin t seria l  l i nk.  

 
IEC 

Figure 1  – A humanoid  robot 

For a  humanoid  robot to  walk stabl y,  a  servo  l oop  of 1  ms  or shorter i s  needed .  I n  th is  
configuration ,  the  farthest two  nodes  can  exchange  a  1 6-byte  packet wi th in  5  μs.  S ince  the  
time  i s  guaranteed  not to  fl uctuate,  the  d istribu ted  control  of a  humanoid  i s  cons idered  to  be  
sufficientl y possib le.  S ince  many actuators  that generate  noises  are  embedded  i nside  the  
robot,  the  l i ne  code  is  requ i red  for noise  to lerance.  The  4b/1 0b  i s  the  l i ne  code  that has  error 
correction  capabi l i ty.  

Currentl y many I /O  in terfaces  and  communication  s tandards ,  i ncl ud ing  PCI  Express  (PCI e) ,  
USB  3 . 0,  SATA,  I EEE  1 394b,  and  1 0GbE use  the  8b/1 0b  codec as  a  l i ne  code.  The  8b/1 0b  
has  a  l ot  of functions  and  i ts  code  rate  i s  re lativel y h igh  (abou t 80  %).  However i f one  b i t  error 
occurs  i n  an  encoded  data  (1 0b) ,  the  decoded  data  (8b)  wi l l  be  broken  complete l y.  Therefore  
when  the  8b/1 0b  codec i s  used  on  noisy envi ronment such  as  i ns ide  the  robot,  an  upper- level  
error correction  code  i s  requ i red .  For error correction ,  i t  i s  hard  to  appl y any bi t- level  error 
codec includ ing  the  Hamming  code  and  the  BCH  code,  because  mu l ti p le  decoded  b i ts  (1 -byte)  
wi l l  be  broken  even  i f an  encoded  b i t  i s  i nverted .  So,  b l ock-level  error correction  i nclud ing  
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Reed-Solomon ,  wh ich  i s  l ong  l atency ECC that i s  not su i table  for real -time appl ications,  i s  
requ ired .  Hence,  a  re l iable  l i ne  code  wi th  ECC is  requ i red  for such  appl ications.  

Patent  

The I n ternational  E lectrotechn ica l  Commission  ( IEC)  d raws  attention  to  the  fact that  i t  i s  
cl aimed  that compl iance  wi th  th is  document may i nvolve  the  use  of paten ts  as  l i s ted  be low:  

PATENT No.  5900850  (J apan)  

I EC takes  no  pos i ti on  concern ing  the  evidence,  va l i d i ty and  scope  of these  paten t ri gh ts .  

The  holder of these  paten t righ ts  has  assured  the  I EC that he/she  i s  wi l l i ng  to  negotiate  
l i cences  e i ther free  of charge or under reasonable  and  non-d iscrim inatory terms  and  
cond i ti ons  wi th  appl ican ts  throughou t the  world .  I n  th is  respect,  the  s tatement of the  holder of 
these  paten t ri ghts  is  reg istered  wi th  I EC.  I n formation  may be  obtained  from :  

Headquarters  for Research  Coord ination  and  Adm in istration  
2-1 5-45  M i ta,  M inato-ku ,  
Tokyo 1 08-8345  J apan  

Atten tion  is  d rawn  to  the  poss ibi l i ty that some of the  e lements  of th is  document may be  the  
subj ect  of patent  ri gh ts  other than  those  i den ti fied  above.  I EC shal l  not be  he ld  responsible  for 
i denti fying  any or a l l  such  paten t ri ghts.  

I SO (www. iso. org/paten ts)  and  I EC  (h ttp: //patents. iec. ch)  main tain  on - l ine  data  bases  of 
paten ts  re levant to  the ir standards.  Users  are  encouraged  to  consu l t  the  data  bases  for the  
most up  to  data  i n formation  concern ing  patents .  
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MULTIMEDIA SYSTEMS AND EQUIPMENT –  
MULTIMEDIA SIGNAL TRANSMISSION  –  

DEPENDABLE LINE  CODE  WITH  ERROR CORRECTION  
 
 
 

1  Scope 

This  document speci fies  the  l i ne  code  4b/1 0b  for dependable  mu l timed ia  s i gnal  transm ission  
requ ired  for complex mach ines,  such  as  robots  and  automobi les.  Th is  document corresponds  
to  the  functions  speci fied  i n  l ayer 1  to  l ayer 2  of the  OSI  reference  model  ( I SO/I EC 7498).  

The  pu rpose  of th is  document i s  to  faci l i tate  the  development and  use  of the  4b/1 0b  i n  
dependable  systems by provid ing  a  l i ne  code  protocol .  Th is  document provides  a  l i ne  code  
protocol  for i n terconnections  among  d istribu ted  real -time systems,  i nclud ing  embedded  
systems,  con trol  systems,  amusement systems,  robot systems,  and  in te l l i gent bu i l d ings.  The  
4b/1 0b  can  ach ieve  the  l i ne  code  wi th  ECC (error code  correction) .  The  4b/1 0b  is  the  l i ne  
code  that  rea l i zes  embedded  clock,  DC  balance,  error detection  and  error correction  at  a  t ime;  
i t  i s  not poss ib le  to  sati sfy these  functions  in  one  codec by conventional  schemes,  and  the 
4b/1 0b  l i ne  code  can  ach ieve  h i gh l y re l i ab le  and  dependable  d ig i ta l  commun ications.  

2  Normative references  

There  are  no  normative  references  i n  th is  document.  

3 Terms,  defin i tions  and  abbreviated  terms  

For the  purposes  of th is  document,  the  fo l l owing  terms  and  defin i tions  apply.  

I SO and  I EC main ta in  term inolog ica l  databases  for use  i n  standard ization  at  the  fol l owing  
addresses:  

•  I EC  E lectroped ia:  avai lable  at  h ttp: //www.electroped ia. org /  

•  I SO  On l ine  browsing  p latform :  avai l able  at h ttp: //www. iso. org/obp  

3. 1  Terms  and  defin i tions  

3. 1 . 1   
byte  
B  

group of ei ght  bi ts  

3. 1 .2   
hal f byte  
HB  

un i t for transm i tting ,  the  s i ze  of wh ich  is  1 0  b i ts  

3. 1 .3   
4b  

orig inal  ha l f byte  (4-b i t)  data  

3. 1 .4   
1 0b  

encoded  1 0-bi t  data  for transm itting  

http://www.iso.org/obp
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3. 1 .5   
symbol  
un i t  for encod ing ,  the  s ize  of wh ich  i s  1 0  b i ts  

3. 1 .6   
frame 

un i t for transm i tting ,  the  s i ze  of wh ich  is  1 0  b i ts  

3.2  Abbreviated  terms  

ECC error correction  code  

DC d i rect curren t  

WCET worst case  execu tion  time  

WCRT worst case  response time  

4 4b/1 0b l ine code  

4.1  Overview 

The l i ne  code  4b/1 0b  hand les  a  1 0-bi t  frame encoded  by 4-bi t  d i g i ts .  The  ori g ina l  4  b i ts  of 
i n formation  d ig i ts  are  encoded  in to  a  1 0-b i t frame by the  look-up  table  shown  in  Table  1 .  A 
byte  (8  b i ts)  i s  d ivi ded  i n to  two  hal f bytes  (4b).  A hal f byte  (4b)  i s  encoded  to  a  symbol  (1 0b).  
A frame cons ists  of a  symbol  and  is  transm itted  to  the  communication  l i ne.  S ince  four b i ts  are  
encoded  to  ten  b i ts  by the  4b/1 0b  l i ne  code,  the  commun ication  speed  at 1   000  MHz i s  
approximatel y equal  to  400  Mbi t/s .  

4.2  Forward  error correction  (FEC)  

The l i ne  code  4b/1 0b  shou ld  provide  error-free  transm iss ion  for re l iable  rea l - time con trol .  
Error correction  shou ld  be  performed  by hardware.  The  4b/1 0b  performs  l i ne-code-level  error 
correction .  Orig inal  four-bi t data  (4b)  are  encoded  to  1 0-bi t transm itti ng  data  wi th  embedded  
clock,  DC balance,  2-b i t  error detection ,  and  1 -b i t  error correction  for a  ha l f byte  of data  (4  
b i ts  of i n formation  d i g i ts) .  

The  Hamming  d istance  of any d ig i ts  i n  a  symbol  (1 0b  code)  i s  l onger than  or equals  4  for 1 -b i t 
error correction  and  2-bi t  error detection .  

4.3  Embedded  clock 

The l i ne  code  4b/1 0b  ensures  that  successive  0  b i ts  or 1  b i ts  are  wi th in  fi ve  b i ts ,  even  i f a  1 -
bi t  error/symbol  occurs.  Characteristics  of the  embedded  clock are  shown  i n  Annex B.  

I n  the  case  of i ns ide  symbol  d ig i ts ,  successive  0  b i ts  or 1  b i ts  are  wi th in  fi ve  b i ts .  

I n  the  case  of i n ter-symbol  d ig i ts ,  success ive  0  b i ts  or 1  b i ts  are  wi th in  fi ve  b i ts .  

When  each  symbol  has  1 -b i t  error,  i f the  d is tance  of error b i ts  i s  greater than  four-b i t,  the  
success ive  0  or 1  b i ts  are  wi th in  fi ve  b i ts .  

I n  the  case  of two-bi t  errors,  d iscontinu i ty of d ig i ts  i s  not guaranteed .  

4.4  DC  balance  

I n  order for the  l i ne  code  4b/1 0b  not to  a l l ow a  cu rrent  to  fl ow i n  the  commun ication  cable,  the  
numbers  of 0  and  1  i n  a  symbol  are  same for DC  balance.  Bu t DC ba lance  between  
success ive  symbols  is  not necessary.  Characteristics  of the  DC ba lance  are  shown   
i n  Annex C.  
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I f an  error occurs,  b i t- l evel  DC  balance  is  not  guaranteed  among  nearest ne ighbour error 
symbols.  

4.5  4b/1 0b  data  encoding  

I n  the  case  of encod ing ,  the  l ook-up  table  that satisfies  the  three  above  cond i ti ons  i nclud ing  
embedded  clock,  DC ba lance,  and  error detection  and  correction ,  i s  used  as  shown  in  Table  1 .  
Orig inal  4-b i t  d i g i ts  (4b)  are  encoded  to  1 0-bi t d ig i ts  (1 0b) .  

Table  1  – The  4b/1 0b  data transform  

4b  1 0b  

0000  1 1 001 01 1 00  

0001  1 01 1 001 1 00  

001 0  1 1 001 1 001 0  

001 1  01 1 001 1 1 00  

01 00  01 1 1 01 0001  

01 01  1 1 0001 1 001  

01 1 0  01 01 1 1 01 00  

01 1 1  1 1 01 0001 01  

1 000  1 001 1 1 0001  

1 001  01 1 1 0001 1 0  

1 01 0  1 01 01 1 01 00  

1 01 1  1 1 01 001 01 0  

1 1 00  1 01 1 01 001 0  

1 1 01  1 001 1 001 1 0  

1 1 1 0  1 01 01 01 001  

1 1 1 1  01 1 01 01 01 0  

 

4.6  Frame format 

4.6. 1  Frame 

A frame consists  of 1 0  b i ts ,  i ncl ud ing  4  i n formation  bi ts  and  6  redundant b i ts  impl ici tl y,  as  
shown  i n  Table  1 .  

4.6.2  Setup  command  

After the  power is  fi rst appl ied ,  or after an  unexpected  burst  l i nk error occurs ,  the  
synchron ization  between  the  sender and  the  receiver can  be  l ost.  I n  such  a  s i tuation ,  the  l i nk 
is  i n i tia l i zed  expl ici tl y.  The  encoder in  the  i n i ti a l  mode  sends  the  setup  pattern  shown  in  
Table  2 .  The  decoder can  d istingu ish  the  pattern  from  normal  frames  and  thus  swi tches  to  the  
i n i tia l  mode.  The  i n i tia l i zed  decoder i n terprets  the  fi rst receiving  frame after the  i n i ti a l i zation  
as  the  start  frame of a  new frame sequence.  

Table  2  – Setup  command  

Setup  pattern  

01 1 01 001 01  
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4.6.3  Id le  command  

When  an  encoder has  no  actual  communication  data,  the  encoder sends  the  i d le  pattern  
shown  i n  Table  3  i n  order to  main ta in  the  frame synchron ization  of the  l i nk.  

Table  3  – Id le  command  

I d l e  pattern  

01 01 1 01 001  

 

4.7  Encod ing  

The l ook-up  table  that satisfies  embedded  clock,  DC balance,  error detection  and  correction ,  
and  control  commands  i nclud ing  setup  and  i d le  command  i s  shown  i n  Table  4 .  I n  the  case  of 
encod ing ,  the  4b/1 0b  l ook-up  tab le  is  d i rectl y used .  

Table  4  – The  4b/1 0b  look-up  

4b  1 0b  

0000  1 1 001 01 1 00  

0001  1 01 1 001 1 00  

001 0  1 1 001 1 001 0  

001 1  01 1 001 1 1 00  

01 00  01 1 1 01 0001  

01 01  1 1 0001 1 001  

01 1 0  01 01 1 1 01 00  

01 1 1  1 1 01 0001 01  

1 000  1 001 1 1 0001  

1 001  01 1 1 0001 1 0  

1 01 0  1 01 01 1 01 00  

1 01 1  1 1 01 001 01 0  

1 1 00  1 01 1 01 001 0  

1 1 01  1 001 1 001 1 0  

1 1 1 0  1 01 01 01 001  

1 1 1 1  01 1 01 01 01 0  

setup  01 1 01 001 01  

i d l e  01 01 1 01 001  

 

4.8  Decod ing  

Decod ing  i s  based  on  the  shortest  d is tance  decod ing  on  the  Hamming  d istance.  An  
implementation  of a  decoder i s  i l l ustrated  i n  Annex D.  

4.9  Error hand l ing  

4.9. 1  1 -bi t  error 

The encod ing  scheme of the  4b/1 0b  can  automatical l y detect and  correct any 1 -b i t error i n  a  
frame.  However,  when  errors  of greater than  2  b i ts  are  present i n  a  frame,  the  error correction  
mechan ism  does  not work.  I n  such  a  s i tuation ,  the  ca lcu lation  of the  syndrome resu l ts  i n  the  
case  described  in  4 . 9. 2  or the  case  described  i n  4 . 9. 3 .  
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4.9.2  2-bi t  error 

I n  th is  case,  the  decoder can  detect an  unrecoverable  fata l  error.  I f a  fata l  error i s  detected  i n  
a  frame,  then  the  decoder shou ld  not try to  correct d ig i ts  i n  the  received  frame and  shou ld  
i n terrupt the  control l er (processor) .  

4.9.3  Over 3-bi t  error 

Although  the  probabi l i ty of th is  case  is  very l ow,  the  decoder cannot detect the  occurrence  of 
the  fata l  error in  th is  case.  S ince  th is  error i s  i nd istingu ishable  from  other correctable  1 -bi t 
errors,  the  received  frame is  i nadequatel y mod i fied  by the  decoder.  Th is  s i tuation  al l ows  
transm ission  of an  i ncorrect packet and  is  h igh ly undesi rable.  Therefore,  when  s imple  1 -b i t 
errors  are  corrected  i n  two  successive  frames,  the  decoder considers  th is  to  be  a  fata l  error 
that cannot be  corrected ,  and  so  hand les  the  frame i n  the  manner described  i n  4 . 9 . 2 .  
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Annex A 
(informative)  

 
Real -time schedul ing  

There  are  several  real - time schedu l ing  a lgori thms,  includ ing  earl iest dead l ine  fi rst (EDF),  
wh ich  is  an  optimal  d ynam ic schedu l i ng  a lgori thm ,  and  rate  monoton ic (RM),  wh ich  i s  an  
optimal  s tatic schedu l ing  a lgori thm .  

The  EDF  a lgori thm  translates  the  dead l i ne  to  a  priori ty.  The  priori ty of the  task wi th  the  
earl i est  dead l i ne  becomes the  h i ghest.  

The  RM  a lgori thm  trans lates  the  cycle  time to  a  priori ty.  The  task wi th  the  shortest  cycle  is  
ass igned  to  have  the  h ighest priori ty.  

Many other real -time  schedu l ing  a l gori thms  a lso  translate  the  time constrain t  to  a  priori ty.  

F i gure  A. 1  shows  an  example  of EDF  schedu l i ng .  Priori ty-based  schedu l i ng  is  performed  at  
every clock tick and  at tim ings  when  tasks  are  re leased  ( invoked ),  as  wel l  as  at  execution  
fin ish .  

 

Figure A. 1  – EDF  schedul ing  

This  rea l -time task schedu l i ng  process  can  be  regarded  as  an  overtaking  process,  i . e.  tasks  
wi th  h igher priori ties  are  executed  earl ier than  tasks  wi th  l ower priori ties.  I n  order to  
implement th is  i dea  in  a  d istributed  real -time system ,  communication  of h igher priori ty tasks  
shou ld  be  able  to  overtake  other communication .  The  Responsive  Link  ( I SO/IEC 24740)  does  
th is  at every node.  The  Responsive  L ink covers  the  functional i ty of l ayer 1  to  l ayer 4  of the  
OSI  reference  model  ( I SO/I EC 7498).  
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Annex B  
(informative)  

 
Characteristics  of embedded  clock 

The l i ne  code  4b/1 0b  ensures  that success ive  0  b i ts  or 1  b i ts  are  wi th in  fi ve  b i ts ,  even  i f a  1 -
bi t  error/symbol  occurs.  

I n  the  case  of i ns ide  symbol  d i g i ts ,  success ive  0  b i ts  or 1  b i ts  are  wi th in  fi ve  b i ts .  For example,  
i f a  1 -b i t  error occurs  on  the  1 1 001 1 001 0  symbol ,  successive  0  bi ts  or 1  b i ts  are  wi th in  fi ve  
b i ts  as  shown  in  Table  B . 1 .  

Table  B . 1  – The  l ength  of successive  0  or 1   
in  case  of 1 -bi t  error 

The number of 
errors  

Line  code  The l ength  of 
successive  0  or 

1  

0  (ori g i nal )  1 1 001 1 001 0  2  

1  01 001 1 001 0  2  

1  1 0001 1 001 0  3  

1  1 1 1 01 1 001 0  3  

1  1 1 01 1 1 001 0  3  

1  1 1 0001 001 0  3  

1  1 1 001 0001 0  3  

1  1 1 001 1 1 01 0  3  

1  1 1 001 1 01 1 0  2  

1  1 1 001 1 0000  4  

1  1 1 001 1 001 1  2  

 

I n  case  of i n ter-symbol  d ig i ts,  success ive  0  b i ts  or 1  b i ts  are  wi th in  fi ve  b i ts.  For example,  
i n ter-symbol  successive  0  bi ts  or 1  b i ts  of the  1 1 001 1 001 0  and  1 001 1 1 0001  symbols  are  
wi th in  fi ve  b i ts .  

When  each  symbol  has  a  1 -b i t  error,  i f the  d istance  of error bi ts  i s  greater than  four bi ts ,  the  
success ive  0  b i ts  or 1  b i ts  are  wi th in  fi ve  b i ts  as  fol lows.  

•  1 1 001 1 001 0  1 001 1 1 0001 :  orig i nal  

•  1 1 001 1 0000  1 0001 1 0001 :  1 -b i t error/symbol  

I n  the  case  of two-bi t  errors,  d iscontinu i ty of d ig i ts  i s  not guaranteed .  
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Annex C  
(informative)  

 
Characteristics  of DC balance 

I n  order for the  l i ne  code  4b/1 0b  not to  a l l ow a  cu rrent to  fl ow i n  the  commun ication  cable,  the  
numbers  of 0  and  1  i n  a  symbol  are  same for DC  ba lance.  Bu t DC ba lance  between  
success ive  symbols  i s  not necessary.  I n  other words,  the  isomery of 0  and  1  i ns i de  a  symbol  
i s  guaran teed .  But  the  isomery of 0  and  1  i n  any connecting  1 0-b i t  window is  not guaranteed ,  
as  shown  i n  Table  C. 1 .  

Table  C . 1  – An  example  of the  i somery of 0  and  1  in  a   
successive  1 0-bi t  window 

Window number 1 0-bi t  window The  number of 1 s  

0  1 1 001 01 1 00   0 1 1 1 01 0001  5  

1  1 1 001 01 1 00   0 1 1 1 01 0001  4  

2  1 1 001 01 1 00   0 1 1 1 01 0001  4  

3  1 1 001 01 1 00   0 1 1 1 01 0001  5  

4  1 1 001 01 1 00   0 1 1 1 01 0001  6  

5  1 1 001 01 1 00   0 1 1 1 01 0001  5  

6  1 1 001 01 1 00   0 1 1 1 01 0001  6  

7  1 1 001 01 1 00   0 1 1 1 01 0001  5  

8  1 1 001 01 1 00   0 1 1 1 01 0001  4  

9  1 1 001 01 1 00   0 1 1 1 01 0001  4  

 

I f an  error occurs,  b i t- l evel  DC  balance  i s  not  guaranteed  among  nearest neighbour error 
symbols.  
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Annex D  
(informative)  

 
Implementation  of a  decoder 

Each  Hamming  d istance  HD i  between  a  received  frame (1 0b)  and  each  symbol  Ci  as  shown  i n  
Table  4  i s  ca lcu lated .  I n  the  express ions  below,  k  i s  a  4-bi t  b inary shown  i n  the  l eft  column  i n  
Table  4  and  Ck  i s  a  1 0-bi t  b i nary i n  the  ri ght column  i n  Table  4 .  

M in imum  value  of the  Hamming  d istance  HDmin  i s  ca lcu lated  by the  fo l l owing  equation :  

•  HDmin  =  m in {  HD i  } .  

When  HDk  i s  equal  to  HDmin ,  the  1 0b  Ck  i s  decoded  to  the  4b  k.  

I f HDmin  i s  equal  to  0 ,  the  1 0b  Ck  i s  decoded  to  the  4b  k wi thou t error.  

I f HDmin  i s  equal  to  1 ,  the  1 0b  Ck  i s  decoded  to  the  4b  k.  I n  th is  case,  the  1 -b i t  error i s  

corrected ,  and  the  corrected  error shou ld  be  i n formed  to  the  upper layer.  

I f HDmin  i s  g reater than  1 ,  the  1 0b  Ck  i s  decoded  to  a l l  0s .  I n  th is  case,  a  mu l tip le-bi t  error i s  
detected ,  and  the  error shou ld  be  i n formed  to  the  upper layer.  The  decoded  4b  k (a l l  0s)  i s  

broken.  

The  1 0b  symbol  Ck  and  correspond ing  decoded  4b  k  are  determ ined .  
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