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Description 

TECHNICAL  FIELD 

5  The  present  invention  relates  to  a  method  for  reducing  the  influence  of  fading  of  a  Viterbi-receiver  having 
at  least  two  antennas,  which  receiver  receive  radio  signals  over  a  channel  which  is  liable  to  disturbance,  said 
method  comprising  the  steps  of: 

-  receiving  the  signals  on  the  antennas,  which  are  mutually  spaced  apart, 
-  sampling  signals  received  from  the  antennas  to  received  antenna  signals, 

10  -  forming  a  channel  estimate,  an  estimate  of  the  channel  transmission  function,  and 
-  signal  processing  in  the  equalizer  of  the  Viterbi-receiver  in  accordance  with  the  Viterbi-algorithm,  where- 

in  symbols  are  assumed  for  the  state  transitions  of  the  Viterbi-algorithm. 

BACKGROUND  ART 
15 

A  common  problem  that  occurs  in  radio  transmission  of  signals  is  that  the  signals  are  extinguished  as  a 
result  of  interference,  fading.  This  problem  is  evident  in  mobile  radio  transmissions  in  which  a  mobile  receiver 
moves  in  an  interference  field  with  frequently  recurring  fading.  One  known  method  of  reducing  the  influence 
of  fading  is  to  use  a  receiver  which  has  two  or  more  mutually  spaced  antennas,  for  instance  as  described  in 

20  Electronics  Letters,  20th  July  1989,  Vol.  25,  No.  15,  L.B.  Lopes:  Combined  Space/Time  Diversity  Technique 
for  Narrowband  TDMA  Mobile  Radio  Systems.  A  transmitted  digital  radio  signal  is  received  by  a  first  antenna 
and  is  delayed  in  time  by  a  suitable  selected  time  interval.  The  radio  signal  is  also  received  by  a  second  antenna 
whose  signal  is  added  to  the  delayed  signal  and  the  summated  signal  is  processed  in  an  equalizer,  which  may 
be  a  Viterbi-equalizer.  The  article  discloses  that  the  bit  error  content  decreases  in  accordance  with  the  length 

25  of  the  delay  interval.  An  alternative  method  is  one  of  using  receivers  that  are  equipped  with  several  antennas, 
as  described  in  Mobile  Communications  Design  Fundamentals  by  William  C.Y.  Lee,  Howard  W.  Sams  &  Co, 
Indiana,  USA.  In  section  3.5.1  of  this  book  several  examples  are  given  as  to  how  signals  from  two  receiver 
amplifiers  with  separate  antennas  can  be  added  in  order  to  counteract  fading.  In  the  case  of  digital  signal  trans- 
mission  this  addition  results  in  the  difficulty  of  necessitating  phase  correct  addition  of  the  signals.  The  signals 

30  received  by  the  individual  antennas  may  be  in  counter-phase  and  extinguish  one  another,  even  when  the  sig- 
nals  received  by  the  antennas  have  a  satisfactorily  high  strength.Consequently,  it  is  necessary  to  phase-lock 
the  signals,  which  is  difficult  to  achieve,  particularly  with  a  rapidly  fading  channel  which  is  subjected  to  noise 
disturbances.  Slow,  variable  phase-locking  is  used  advantageously  in  the  case  of  such  noise  disturbances, 
whereas  the  rapid  fading  requires  rapid,  variable  phase  locking. 

35 
DISCLOSURE  OF  THE  INVENTION 

The  aforementioned  problems  of  processing  in  a  receiver  signals  which  are  obtained  from  mutually  sep- 
arate  antennas  in  order  to  reduce  to  effect  of  fading  is  solved  in  the  following  manner  in  accordance  with  the 

40  invention.  There  is  estimated  for  each  antenna  a  transmission  function  for  the  channel  extending  to  the  an- 
tenna.  There  is  calculated  for  each  state  transition  between  an  old  and  a  new  state  in  the  Viterbi-algorithm  a 
part  metric  value  for  each  antenna  signal,  with  the  aid  of  respective  channel  estimates.  The  part  metric  values 
for  individual  antenna  signals  are  mutually  weighted  and  used  to  calculate  the  metric  values  at  the  transition 
between  the  old  and  the  new  state. 

45  The  invention  is  characterized  by  the  features  set  forth  in  the  following  claims. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

An  exemplifying  embodiment  of  the  invention  will  now  be  described  in  more  detail  with  reference  to  the 
50  accompanying  drawings,  in  which 

Figure  1  illustrates  schematically  a  radio  transmission  system  comprising  a  transmitter,  a  receiver  and  an 
intermediate  disturbed  channel; 
Figure  2  illustrates  time  slots  for  a  time  shared  transmission  system,  and  a  time  slot  signal  sequence; 
Figure  3  is  a  diagram  which  illustrates  the  individual  values  of  a  transmitted  symbol; 

55  Figure  4  illustrates  a  mobile  receiver  which  moves  in  a  signal  interference  pattern  between  two  buildings; 
Figure  5  is  a  block  schematic  illustrating  a  receiver  which  processes  signals  in  accordance  with  the  inven- 
tive  method;  and 
Figure  6  is  a  block  schematic  which  illustrates  parts  of  the  receiver  in  Figure  5  in  more  detail. 

2 
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BEST  MODE  OF  CARRYING  OUT  THE  INVENTION 

A  radio  transmission  system  for  time  shared  radio  communication  is  illustrated  schematically  in  Figure  1  . 
A  transmitter  has  a  unit  1  which  receives  an  information  carrying  signal  and  generates  corresponding  digital 

5  symbols  s.  These  symbols  are  subjected  to  digital/analogue  conversion  and  modulation  and  are  transmitted 
as  an  analogue  signal  Y  from  a  unit  2,  in  accordance  with  known  techniques.  The  signal  Y  is  intercepted  by  a 
receiver  having  receiving  units  3  which  are  R  in  number.  Each  of  the  receiving  units  has  an  antenna  4  and  is 
connected  to  a  respective  analogue/digital  converter  5.  These  converters  convert  the  signals  received  from 
the  antennas  4  to  received  antenna  signals  sinr(k).  The  reference  k  identifies  a  sampling  time  point  with  number 

10  k,  while  reference  r  indicates  that  the  signal  arrives  from  the  nth  antenna,  1  ̂ r^R.  The  received  antenna  signals 
sin  r(k)  are  sent  to  a  unit  6  in  which  signals  are  processed  in  accordance  with  the  inventive  method.  The  unit  6 
includes  means  which  carry  out  the  Viterbi-algorithm  and  means  for  estimating  a  channel  transmission  func- 
tion.  The  unit  produces  estimated  symbols  s  which  correspond  to  the  digital  symbols  s.  The  transmitted  signal 
Y  is  disturbed  during  transmission,  among  other  things  by  fading,  the  disturbing  influence  of  which  on  the  es- 

15  timated  symbols  s  is  reduced  in  the  receiver.  This  is  achieved  by  the  fact  that  the  antennas  4  are  at  least  two 
in  number,  R^2,  and  in  that  the  received  antenna  signals  sin  r(k)  are  processed  in  accordance  with  the  inventive 
method  in  the  unit  6,  as  described  in  more  detail  herebelow. 

As  beforementioned,  the  radio  transmission  system  according  to  the  present  embodiment  is  time-shared 
with  separate  time  slots  1-N  according  to  Figure  2,  in  which  t  represents  time.  Each  time  slot  f  can  transmit  a 

20  signal  sequence  SS,  which  includes  a  synchronizing  sequence  SO  and  a  data  sequence  DO  containing  the 
information  to  be  transmitted.  The  signal  sequence  SS  contains  binary  information,  although  the  aforesaid 
symbols  can  be  modulated  in  accordance  with  quadrature  modulation  for  instance,  as  illustrated  in  Figure  3. 
In  a  complex  numeric  plan  with  the  axes  referenced  I  and  Q,  the  four  possible  values  of  the  modulated  symbols 
are  marked  one  in  each  quadrant  with  the  binary  number  00,  01,  10  or  11.  That  time  taken  to  transmit  one 

25  such  modulated  symbol  is  designated  symbol  time  TS. 
The  aforesaid  signal  fading,  so-called  Rayleigh-fading,  occurs  in  the  following  manner.  Figure  4  illustrates 

two  building  7  and  8  which  reflect  the  transmitted  signal  Y.  The  reflected  signals  interfere  with  one  another 
between  the  buildings  and,  as  a  result  of  a  phase  shift,  there  may  occur  a  regular  interference  pattern  with 
alternating  bulges  and  nodes  of  the  signal  strength.  A  mobile  receiver  9  which  moves  through  the  interference 

30  pattern  will  repeatedly  pass  the  nodes  where  the  signal  strength  is  very  low.  A  more  exhaustive  description 
of  signal  fading  is  given  in  the  aforesaid  reference  Mobile  Communications  Design  Fundamentals  by  William 
C.Y  Lee,  Chapter  1. 

The  aforesaid  unit  6  is  illustrated  in  more  detail  in  Figure  5,  where  for  the  sake  of  simplicity  the  number  of 
antennas  R  has  been  restricted  to  three.  The  Figure  also  shows  a  block  10  which  symbolizes  a  transmission 

35  function  h  for  the  actual  transmission  channel  which  influences  the  digital  signal  s.  The  transmission  function 
h  includes  the  transmitting  units  2,  the  radio  transmission  of  the  signal  Y,  the  receiving  units  3  and  the  analo- 
gue/digital  converters  5.  The  unit  6  includes  a  symbol  sequence  generator  9,  channel  estimating  circuits  17 
for  the  respective  antennas  4,  a  metric  calculating  unit  11  and  an  analyzer  12  which  effects  signal  processing 
in  accordance  with  the  Viterbi-algorithm.  A  part  channel  estimate  hest,r  is  calculated  in  each  of  the  channel  es- 

40  timating  circuits  17.  Each  part  channel  estimate  is  calculated  in  a  known  manner,  by  comparing  the  synchron- 
izing  sequence  SO  generated  by  the  symbol  sequence  generator  9  with  the  received  antenna  signals  sin  r(k) 
for  the  transmitted  synchronizing  sequence  SO.  It  is  assumed  in  the  present  embodiment  that  the  part  channel 
estimates  hest,rare  calculated  once  with  each  signal  sequence  SS,  with  the  aid  of  the  synchronizing  sequence 
SO,  and  are  held  constant  during  the  data  sequence  DO.  It  is  possible,  however,  to  adapt  the  part  channel 

45  estimates  hest,r  in  a  known  manner,  for  instance  in  the  manner  described  in  IEEE  Transations  on  Information 
Theory,  January  1973,  F.R.  Magee  Jr.  and  J.G.  Proakis:  Adaptive  Maximum-Likelihood  Sequence  Estimation 
for  Digital  Signaling  in  the  Presence  of  Intersymbol  Interference. 

When  the  data  sequence  DO  is  transmitted,  the  received  antenna  signals  sin  r(k)  are  obtained  for  the  in- 
formation  to  be  transmitted.  These  signals  are  analyzed  in  accordance  with  the  aforesaid  Viterbi-algorithm, 

so  which  has  a  number  of  states  M=VD-  1.  V  designates  a  number  of  values  which  a  symbol  can  assume,  this  value 
being  V=4  in  the  case  of  the  symbols  shown  in  Figure  3.  D  designates  the  time  dispersion  for  the  transmission 
channel  in  the  number  of  symbol  times  TS  and  it  is  assumed  in  the  illustrated  embodiment  that  D  equals  2. 
This  means  that  the  Viterbi-algorithm  shall  have  M=4  states  in  which  it  is  able  to  carry  out  the  desired  proc- 
essing  of  the  received  antenna  signals  sin  r(k).  A  more  detailed  description  of  the  Viterbi-algorithm  is  given,  for 

55  instance,  in  Proceeding  of  the  IEEE,  Vol.  61,  No.  3,  March  1973,  G.D.  Forney,  Jr.:  The  Viterbi  Algorithm.  The 
symbol  sequence  generator  9  assumes  sequences  of  symbols  S(ATjj)  for  a  state  trasition  ATy  in  the  Viterbi- 
algorithm  from  an  old  state  Tj  to  a  new  state  Tj.  With  the  aid  of  the  channel  estimates  hest,r,  assumed  input  sig- 
nals  are  calculated  in  accordance  with  a  relationship 

3 
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sa,r(ATij,k)  =  hesU  *  S(ATij) 
in  which  the  symbol  *  indicates  a  convolution.  The  part  metric  values  mr(ATjj,k)  for  a  future  selection  of  the 
state  transition  ATy  is  calculated  with  the  aid  of  the  assumed  input  signals  sail.(ATjj,k)  and  the  received  antenna 
signals  sin  r(k),  as  will  be  described  with  reference  to  Figure  6. 

5  This  Figure  illustrates  the  Viterbi-analyzer  12  and  the  metric  calculating  unit  11.  This  unit  includes  for  each 
of  the  part  channel  estimates  hest,r  an  arithmetic  circuit  13  and  a  coefficient  circuit  14.  The  arithmetic  circuits 
13  function  to  calculate  the  part  metric  values  in  accordance  with  a  relationship 

mr(ATij,k)  =  |sin,r(k)  -  sa,r(ATij,k)  |  2. 
Similar  to  the  aforegoing,  the  reference  k  designates  an  indicated  sampling  time,  the  index  r  designates  one 

10  of  the  antennas,  and  ATy  designates  the  state  transitions  according  to  the  Viterbialgorithm.  In  the  case  of  the 
illustrated  embodiment,  this  algorithm  has  M=4  states  designated  by  binary  numbers  00,  01,  10,  11,  having 
four  transitions  to  each  new  state,  as  illustrated  in  the  Figure,  and  thus  a  total  of  16  state  transitions.  A  metric 
value  is  calculated  for  each  of  these  state  transitions  in  accordance  with  a  relationship 

15 
R 

MCAT^,*)   =  M(T_. ,k- i )   +  s  Kr  *  mr  C d T . ^ k ) .  
r = l  

20 
Kr  designates,  in  this  case,  the  coefficients  in  the  circuits  14  and  the  weighted  summation  is  carried  out  in  a 
summator  1  5  for  all  of  the  R  antennas.  In  accordance  with  the  Viterbi-algorithm,  the  magnitude  M(Tj,k-1)  relates 
to  a  selected  metric  value  for  the  old  state  Tj  at  a  sampling  time  point  k-1  one  symbol  time  TS  prior  to  the  in- 
dicated  sampling  point  k.  The  old  metric  value  is  increased  with  the  weighted  sum  of  the  part  metric  values  in 

25  a  summator  16.  According  to  the  Viterbi-algorithm  there  is  selected  the  smallest  of  the  metric  values  at  the 
transition  to  the  new  state  Tj,  according  to  a  relationship 

M ( T . , k )   =  Min  {M(4T..  ,k)  } 
30  J  .  J 

1 

The  metric  value  M(Tj,k)  is  thus  the  value  selected  for  the  new  state  at  the  indicated  sampling  time  point 
k.  The  metric  value  M(Tj,k)  is  used  in  accordance  with  the  Viterbi-algorithm,  in  order  to  determine  the  estimated 

35  symbols  s.  The  metric  value  is  also  stored  for  continued  calculation  of  the  metric  values  at  the  subsequent 
sampling  time  point  k  +  1  . 

The  coefficients  Kr  for  weighting  the  part  metric  values  can  be  selected  in  various  ways.  According  to  one 
simple  alternative,  all  of  the  coefficients  are  constant  and  mutually  equal  and  in  the  case  of  the  example  illu- 
strated  in  Figure  6  where  R=3,  Kr  will  equal  P/3  where  P  is  a  chosen  constant.  This  method  implies  that  the 

40  radio  signal  on  one  of  the  antennas  4  with  fully  developed  fading  will  have  the  same  weighting  in  the  metric 
calculation  as  the  signal  on  one  of  the  antennas  where  the  signal  strength  is  good.  According  to  a  more  com- 
plicated  alternative,  the  strength  of  the  received  antenna  signals  according  to  sin  r(k)  is  measured  by  a  control 
circuit  18  and  the  value  of  the  coefficients  Kr  are  assumed  by  the  control  circuit  in  dependence  on  this  signal 
strength.  According  to  one  advantageous  embodiment,  Kr  is  proportional  to  the  energy  in  respective  received 

45  antenna  signals  Kr  =  c  ■  I  sinil.(k)  1  2.  In  this  case,  c  designates  a  constant  which  is  chosen  so  that  the  sum  of 
the  coefficients  S  Kr  will  equal  P  in  accordance  with  the  aforegoing. 

The  invention  has  been  described  with  reference  to  a  time  shared  system  for  radio  communication.  It  is 
possible,  however,  to  apply  the  invention  also  to  other  systems,  for  instance  systems  for  frequency  shared  radio 
communication.  In  such  systems  it  is  sufficient  to  transmit  a  synchronizing  sequence  used  informing  a  channel 

so  estimate  once  at  the  beginning  of  a  message.  The  channel  estimate  is  thereafter  adapted  during  the  whole  of 
the  message,  with  the  aid  of  the  signal  transmitted  unbrokenly  during  this  time  period.  If  there  is  limited  demand 
on  the  speed  of  the  system,  it  is  also  possible  to  form  a  channel  estimate  in  the  complete  absence  of  a  syn- 
chronizing  sequence,  for  instance  in  the  manner  described  in  IEEE  Transactions  on  Communications,  Vol. 
COM-28,  No.  11,  November  1980,  D.N.  Godard:  "Self-Recovering  Equalization  and  Carrier  Tracking  in  Two- 

55  Dimensional  Data  Communication  System". 

4 
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Claims 

1.  A  method  for  reducing  the  influence  of  fading  of  a  Viterbireceiver  having  at  least  two  antennas,  which  re- 
ceiver  receive  radio  signals  over  a  channel  which  is  liable  to  disturbance,  said  method  comprising  the  steps 

5  of: 
-  receiving  the  signals  on  the  antennas,  which  are  mutually  spaced  apart, 
-  sampling  signals  received  from  the  antennas  to  received  antenna  signals, 
-  forming  a  channel  estimate,  an  estimate  of  the  channel  transmission  function,  and 
-  signal  processing  in  the  equalizer  of  the  Viterbi-receiver  in  accordance  with  the  Viterbi-algorithm, 

10  wherein  symbols  are  assumed  for  the  state  transitions  of  the  Viterbi-algorithm, 
characterized  in  that  the  channel  estimate  includes  at  least  two  (R)  part  channel  estimates  (hest,r) 
belonging  to  individual  antennas  (4),  wherein  the  method  in  an  indicated  sampling  time  point  (k)  in- 
cludes  the  further  steps  of: 

-  forming  assumed  input  signals  (sail.(ATy  k))  from  the  assumed  symbols  (S(ATy))  with  the  aid  of  the 
15  part  channel  estimates  (hest,r),  wherein  an  assumed  input  signal  (sail.(ATy,k))  for  the  individual  part 

channel  estimates  (hest,r)  is  formed  for  each  state  transition  (ATy)  of  the  Viterbi-algorithm, 
-  forming  part  metric  values  (m^ATy.k))  for  the  individual  part  channel  estimates  (hest,r)  in  dependence 

on  the  received  antenna  signal  (sin  r(k))  which  belongs  to  the  part  channel  estimate  and  the  corre- 
sponding  assumed  input  signals  (sail.(ATy,k)), 

20  -  forming  for  an  indicated  state  transition  (ATy)  between  an  old  (Tj)  and  a  new  (TJ  state  in  the  Viterbi- 
algorithm  a  metric  value  (M(ATy,k)),  such  as  a  metric  value  (M(Tj,k-1))  chosen  in  accordance  with 
the  Viterbi-algorithm  for  the  old  state  (Tj)  at  a  sampling  time  point  (k-1)  preceding  the  indicated  sam- 
pling  time  point  (k)  increased  with  a  weighted  (Kr)  sum  of  the  part  metric  values  (mr(ATy,k))  belonging 
to  the  individual  part  channel  estimates  (hest,r),  and 

25  -  forming  metric  values,  corresponding  to  the  metric  value  (M(ATy,k))  for  the  indicated  state  transition 
(ATy),  for  all  state  transitions  (ATy)  to  the  new  state  (TJ  and  selecting,  in  accordance  with  the  Viter- 
bialgorithm,  the  smallest  (M(Tj,k))  of  these  metric  values  (M(ATy,k))  at  the  transition  to  the  new  state 
(Ti). 

30  2.  A  method  according  to  Claim  1  ,  characterized  by  forming  the  individual  part  metric  values  (m^ATy.k))  in 
dependence  on  an  absolute  value  of  the  difference  between  the  received  antenna  signal  (sin  r(k))  and  the 
corresponding  assumed  input  signals  (sa  r(ATy,k)). 

3.  Amethod  according  to  Claim  1  or  Claim  2,  characterized  in  that  all  of  the  coefficients  (Kr)  for  the  weighting 
35  of  the  part  metric  values  (mr(ATy,k))  have  mutually  the  same  values  (Kr=P/R). 

4.  Amethod  according  to  Claim  1  or  Claim  2,  characterized  by  choosing  the  coefficients  (Kr)  for  the  weight- 
ing  of  the  part  metric  values  (mr(ATy,k))  in  dependence  on  the  amplitude  of  the  corresponding  received 
antenna  signals  (sinil.(k)). 

40  5.  A  method  according  to  Claim  4,  characterized  in  that  the  coefficients  (Kr)  for  the  weighting  of  the  part 
metric  values  (mr(ATy,k))  are  proportional  (c)  to  the  energy  of  the  received  antenna  signals  (sin  r(k)). 

Patentanspruche 
45 

1.  Verfahren  zur  Verminderung  des  Fadingeinflusses  auf  einen  Viterbi-Empfanger  mit  mindestens  zwei  An- 
tennen,  wobei  der  Empfanger  Funksignale  uber  einen  Kanal  empfangt,  der  Storungen  unterworfen  ist  und 
das  Verfahren  die  Schritte  aufweist: 

-  Empfangen  des  Signals  an  den  Antennen  die  wechselseitig  beabstandet  sind, 
50 -  Abtasten  von  den  Antennen  empfangener  Signale  in  empfangene  Antennensignale, 

-  Bilden  einer  Kanalabschatzung,  einer  Abschatzung  der  Kanalubertragungsfunktion,  und 
Verarbeiten  des  Signals  in  dem  Entzerrer  des  Viterbi-Empfangers  nach  dem  Viterbi- 

Algorithmus,  wobei  Symbole  fur  die  Zustandsubergange  des  Viterbi-Algorithmus  angenommen  wer- 
den, 

55 dadurch  gekennzeichnet,  dalidie  Kanalabschatzung  mindestens  zwei  (R)zu  individuellen  An- 
tennen  (4)  zugehorige  Teil-Kanalabschatzungen  (hest,r)  einschlielit,  wobei  das  Verfahren  zu  einem 
angegebenen  Abtastzeitpunkt  (k)  die  weiteren  Schritte  einschlielit: 

5 
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-  Bilden  angenommener  Eingangssignale  (sail.(ATy,k))  aus  den  angenommen  Symbolen  (s(ATy))  mit 
Hilfe  der  Teil-Kanalabschatzungen  (hest,r),  wobei  ein  angenommenes  Eingangssignal  (sail.(ATy,k))fur 
die  individuellen  Teil-Kanalabschatzungen  (hest,r)  fur  jeden  Zustandsubergang  (ATy)  des  Viterbi- 
Algorithmus  gebildet  wird, 

5  -  Bilden  teilmetrischer  Werte  (m^ATy^Jfurdie  individuellen  Kanalabschatzungen  (hest,r)  in  Abhangig- 
keit  von  dem  empfangenen  Antennensignal  Sin  r(k),  welches  zu  der  Teil-Kanalabschatzung  und  den 
entsprechenden  angenommenen  Eingangssignalen  (sa  r(ATy,k))  gehort, 

-  Bilden  eines  metrischen  Wertes  (M((ATy,k))  fur  einen  angegebenen  Zustandsubergang  (ATy)  zwi- 
schen  einem  alten  (Tj)  und  einem  neuen  (TJ  Zustand  im  Viterbi-Algorithmus,  wie  beispielsweise  eines 

10  metrischen  Wertes  (M((ATj,k-1)),  der  gemali  dem  Viterbi-Algorithmus  fur  den  alten  Zustand  (Tj)  zu 
einem  Abtastzeitpunkt  (k-1),  der  dem  angegebenen  Abtastzeitpunkt  (k)  vorhergeht,  gewahlt  wurde, 
der  mit  einer  gewichteten  (Kr)  Summe  der  teilmetrischen  Werte  (mr(ATy,k)),  welche  zu  den  individu- 
ellen  Teil-Kanalabschatzungen  (hest,r)  gehoren,  vergroliert  ist,  und 

-  Bilden  metrischer  Werte,  welche  dem  metrischen  Wert  (M(ATj,k))  fur  den  angegebenen  Zustands- 
15  ubergang  (ATy)  entsprechen,  fur  alle  Zustandsubergange  (ATy)  auf  den  neuen  Zustand  (TJ  und  Aus- 

wahlen  des  kleinsten  Wertes  (M(Tj,k))  dieser  metrischen  Werte  (M(ATj,k))  am  Ubergang  zu  dem  neu- 
en  Zustand  (TJ  nach  dem  Viterbi-Algorithmus. 

2.  Verfahren  nach  Anspruch  1  ,  dadurch  gekennzeichnet,  dali  die  individuellen  teilmetrischen  Werte  (mr- 
20  (ATy,k))  in  Abhangigkeit  von  einem  absoluten  Wert  der  Differenz  zwischen  dem  empfangenen  Antennen- 

signal  (sinir(k))  und  den  entsprechenden  angenommenen  Eingangssignalen  (sail.(ATy,k))  gebildet  werden. 

3.  Verfahren  nach  Anspruch  1  oder  Anspruch  2,  dadurch  gekennzeichnet,  dali  alle  Koeff  izienten  (Kr)  fur  die 
Wichtung  der  teilmetrischen  Werte  (m^ATy.k))  wechselseitig  dieselben  Werte  (Kr  =  P/R)  aufweisen. 

25 4.  Verfahren  nach  Anspruch  1  oder  Anspruch  2,  dadurch  gekennzeichnet,  dali  die  Koeff  izienten  (Kr)  fur  die 
Wichtung  der  teilmetrischen  Werte  (m^ATy.k))  in  Abhangigkeit  von  der  Amplitude  des  entsprechenden 
empfangenen  Antennensignals  Sin  r(k)  gewahlt  werden. 

5.  Verfahren  nach  Anspruch  4,  dadurch  gekennzeichnet,  dali  die  Koeff  izienten  (Kr)  fur  die  Wichtung  der  teil- 
30  metrischen  Werte  (mr(ATy,k))  proportional  (c)  zu  der  Energie  des  empfangenen  Antennensignals  sin  r(k) 

sind. 

Revendications 
35 

1  .  Un  procede  pour  reduire  I'inf  luence  de  I'evanouissement  dans  un  recepteur  de  Viterbi  ayant  au  moins  deux 
antennes,  ce  recepteur  recevant  des  signaux  radioelectriques  sur  un  canal  qui  est  sujet  a  des  perturba- 
tions,  ce  procede  comprenant  les  etapes  suivantes  : 

-  on  recoit  les  signaux  sur  les  antennes,  qui  sont  mutuellement  espacees, 40  -  on  echantillonne  les  signaux  recus  a  partirdes  antennes,  pour  donner  des  signaux  d'antenne  recus, 
-  on  forme  une  estimation  de  canal,  qui  est  une  estimation  de  la  fonction  de  transmission  du  canal, 

et 
-  on  effectue  dans  I'egaliseur  du  recepteur  de  Viterbi  un  traitement  de  signal,  conformement  a  I'algo- 

rithme  de  Viterbi,  dans  lequel  on  suppose  des  symboles  pour  les  transitions  d'etats  de  I'algorithme 
45  de  Viterbi, 

caracterise  en  ce  que  I'estimation  de  canal  comprend  au  moins  deux  (R)  estimations  de  canal  par- 
tielles  (hest,r)  appartenant  a  des  antennes  individuelles  (4),  le  procede  comprenant  les  etapes  sup- 
plementaires  suivantes,  a  un  instant  d'echantillonnage  indique  (k)  : 

-  on  forme  des  signaux  d'entree  supposes  (sa  r(ATy,k))  a  partir  des  symboles  supposes  (S(ATy)),  a 
50  I'aide  des  estimations  de  canal  partielles  (hest,r),  un  signal  d'entree  suppose  (sair(ATiji  k))  pour  les  es- 

timations  de  canal  partielles  individuelles  (hest,r)  etant  forme  pourchaque  transition  d'etats  (ATy)  de 
I'algorithme  de  Viterbi, 

-  on  forme  des  valeurs  de  metrique  partielle  (mr(ATy  k))  pour  les  estimations  de  canal  partielles  indi- 
viduelles  (hest,r),  sous  la  dependance  du  signal  d'antenne  recu  (sin  r(k))  qui  correspond  a  I'estimation 

55  de  canal  partielle  et  aux  signaux  d'entree  supposes  correspondants  (sar(ATy  k)), 
-  on  forme  pour  une  transition  d'etats  indiquee  (ATy)  entre  un  ancien  etat  (Tj)  et  un  nouvel  etat  (TJ 

dans  I'algorithme  de  Viterbi,  une  valeur  de  metrique  M(ATy,k)),  telle  qu'une  valeur  de  metrique 
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(M(Tj,k-1  ))  choisie  conformement  a  I'algorithme  de  Viterbi  pour  I'ancien  etat  (Tj)  a  un  instant  d'echan- 
tillonnage  (k-1)  qui  precede  I'instantd'echnantillonnage  indique  (k),  augmentee  par  une  somme  pon- 
deree  (Kr)  des  valeurs  de  metrique  partielle  (m^ATy.k))  correspondant  aux  estimations  de  canal  par- 
tielles  individuelles  (hest,r),  et 

-  on  forme  des  valeurs  de  metrique,  correspondant  a  la  valeur  de  metrique  (M(ATy,k))  pour  la  transition 
d'etats  indiquee  (ATy),  pour  toutes  les  transitions  d'etats  (ATy)  vers  le  nouvel  etat  (TJ  et  on  selec- 
tionne,  conformement  a  I'algorithme  de  Viterbi,  la  plus  petite  (M(Tj,k))  de  ces  valeurs  de  metrique 
(M(ATy,k))  a  la  transition  vers  le  nouvel  etat  (TJ. 

Un  procede  selon  la  revendication  1,  caracterise  en  ce  qu'on  forme  les  valeurs  de  metrique  partielle  in- 
dividuelles  (mr(A  Ty,k))  sous  la  dependance  d'une  valeur  absolue  de  la  difference  entre  le  signal  d'antenne 
recu  (sin  r(k))  et  les  signaux  d'entree  supposes  correspondants  (sa  r(ATy,k)). 

Un  procede  selon  la  revendication  1  ou  la  revendication  2,  caracterise  en  ce  que  tous  les  coefficients 
(Kr)  pour  la  ponderation  des  valeurs  de  metrique  partielle  (mr(ATy,k))  ont  mutuellement  les  memes  valeurs 
(Kr=P/R). 

Un  procede  selon  la  revendication  1  ou  la  revendication  2,  caracterise  en  ce  qu'on  choisit  les  coefficients 
(Kr)  pour  la  ponderation  des  valeurs  de  metrique  partielle  (mr(ATy,k))  sous  la  dependance  de  I'amplitude 
des  signaux  d'antenne  recus  correspondants  (sin  r(k)). 

Un  procede  selon  la  revendication  4,  caracterise  en  ce  que  les  coefficients  (Kr)  pour  la  ponderation  des 
valeurs  de  metrique  partielle  (mr(ATy,k))  sont  proportion  nelles  (c)  a  I'energie  des  signaux  d'antenne  recus 
(Sin,r(k)). 
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