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Description 

Cross  Reference  To  Related  Application 

The  invention  described  herein  may  employ 
some  of  the  teachings  disclosed  and  claimed  in  com- 
monly  owned  co-  pending  EP  application  filed  on  even 
date  herewith  under  No  87630199.5,  publication  No 
0  263  773  entitled  SYMMETRIZATION  FOR  REDUN- 
DANT  CHANNELS. 

Technical  Field 

This  invention  relates  to  redundant  channels 
used  in  a  control  system  for  improving  system  avail- 
ability  and,  more  particularly,  to  a  method  and  means 
for  automatically  restoring  an  incorrectly  operating 
healthy  channel  to  one  operating  identically  to  the 
other  redundant  channels. 

Background  Art 

US-A-  3  805  235  discloses  equalization  means 
for  a  multi-channel  redundant  signal  computation 
control  system  and  suggests  attempting  to  cure  a  sick 
channel  by  virtue  of  a  feedback  signal  40  from  a  quad 
voter  32  used  to  influence  a  channel's  version  of  that 
signal  if  it  deviates.  The  equalization  technique  forces 
each  of  a  plurality  of  redundant  command  signal  com- 
putations  to  "track"  a  voted  best  one  of  the  signals  by 
equalizing  each  computation  on  the  basis  of  discrep- 
ancy  between  that  computation  and  the  elected  one 
of  the  plurality  of  such  computations.  (See  column  1, 
lines  61-68).  Such  equalization  "washes  out"  installa- 
tion  errors,  etc. 

In  critical  control  applications,  the  use  of  redun- 
dancy  is  commonplace  for  improving  the  realiability  of 
the  system.  Various  techniques  have  been  developed 
for  reliable  operation  of  redundant  channels  including 
interchannel  frame  synchronization,  voting  planes, 
etc.  These  techniques  are  designed  to  improve  the 
fault  detection  and  isolation  (FDI)  and  fault  tolerance 
capabilities  of  the  system  and  to  guarantee  identical 
operations  as  well  as  graceful  degradation  in  the 
presence  of  asymmetrical  events  and  transient  faults 
as  long  as  they  are  simplex  in  nature. 

Notwithstanding  the  capabilities  of  these  FDI  and 
fault  tolerant  techniques,  the  possibility  of  degraded 
or  non-identical  system  operation  cannot  ever  be  pre- 
vented.  The  reasons  for  degradations  can  be  many 
and  include  such  normal  events  as  temporary  loss  of 
power  or  abnormal  events  and  false  alarms  such  as 
asymmetrical  transients,  multiple  simultaneous  fail- 
ures  and  dissimilar  information  faults.  The  last  of 
these  events  is  called  the  "Byzantine  General's"  prob- 
lem  in  which  a  (sub)system  transmits  different  infor- 
mation  to  different  other  subsystems  causing  diver- 
gence  and  can  ultimately  lead  to  catastrophic  loss  of 

an  otherwise  properly  functioning,  healthy  system.  (It 
is  evident  that  if  a  "Byzantine  General"  gives  conflict- 
ing  battle  plans  to  his  field  commanders  then  he  will 
lose  the  battle.  This  is  particularly  apropos  in  the  con- 

5  text  of  a  redundant  channel  avionic  control  system  as 
used  in  military  fighter  aircraft.) 

The  fault  tolerant  character  of  the  system  de- 
mands  that  it  be  capable  of  upgrading  or  "healing"  a 
channel  indicating  faulty  operation  which  is  in  fact  not 

10  truly  misoperating  but  is  merely  experiencing  a  tran- 
sient.  It  is  important  to  make  this  upgrade  smoothly, 
i.e.,  without  disturbing  the  unaffected  operating  part 
of  the  system.  Current  practice  is  to  reinitialize  a 
channel  which  is  indicating  faulty  operation.  The 

15  thinking  is  that  this  reinitialization  will  ultimately  lead 
to  convergence  of  the  reinitialized  channel  with  the 
other  channels  under  the  influence  of  appropriate 
functional  signal  stimuli.  However,  according  to  the 
teachings  of  the  present  invention,  to  be  fully  dis- 

20  closed  below,  it  can  be  shown  that  the  reinitialized 
channel's  information  data  base  cannot  be  guaran- 
teed  to  be  made  identical  to  the  system  data  base  in 
the  unaffected  channels  using  this  approach.  In  fact, 
under  appropriate  conditions  it  can  diverge  suff  icient- 

25  ly  to  give  the  appearance  of  a  channel  failure  as  de- 
tected  by  an  output  voting  plane. 

Thus,  it  is  thought  in  the  art  that  if  the  selected  ini- 
tialization  values  are  derived  on  line  using  the  upcom- 
ing  channel's  own  data  base,  and  the  output  of  dy- 

30  namic  functions  in  a  cycle  such  as  filters,  etc.,  are  re- 
peatedly  used  as  back  values  for  the  next  cycle  that 
the  "transients"  will  eventually  die  down.  However,  as 
pointed  out  above,  this  technique  cannot  guarantee 
identicality.  Similarly,  the  technique  for  forcing  con- 

35  vergence  of  dynamic  elements  between  the  affected 
and  unaffected  channels  also  fails  to  guarantee  iden- 
ticality.  Furthermore,  such  an  approach  produces  lim- 
ited  transients  in  the  unaffected  channels  and  is, 
therefore,  unacceptable. 

40  Another  technique,  i.e.,  of  initializing  the  informa- 
tion  in  all  channels  to  a  known  state  can  produce  ex- 
tremely  large  transients  in  the  system  outputs  and 
must,  therefore,  be  also  considered  unacceptable. 

45  Disclosure  Of  The  Invention 

The  failures  of  these  and  other  "convergence" 
techniques  can  be  traced  to  the  nature  of  digital  ar- 
ithmetic  computation.  An  arithmetic  computation  in  a 

so  digital  computer,  unlike  an  analog  computer,  requires 
representation  of  numbers  with  a  finite  precision  or 
word  length  regardless  of  the  fixed  or  floating  point 
format.  In  a  set  of  identically  operating  channels  the 
signal  and  configuration  data  bases  are  bit  for  bit 

55  identical  and  contain  historical  information  in  the  form 
of  back  values  of  filters,  command  gains,  switch  pos- 
itions,  etc.  It  is  important  to  note  that  this  identical, 
historical  data  base  is  continually,  hierarchically  and 
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chronologically  being  updated  by  the  system.  By  hier- 
archical  is  meant  that  control  laws  are  executed  in  a 
series  of  ordered  steps.  By  chronological  is  meant 
that  the  steps  are  ordered  according  to  time  of  occur- 
rence.  When  a  channel  degrades,  the  symmetry  of  its  5 
historical  data  base  is  lost  forever  and  cannot  simply 
be  recaptured  by  reinitializing  and  returning  the  chan- 
nel  to  normal  on-line  operation. 

Therefore,  an  object  of  the  present  invention  is  to 
provide  a  systematic  procedure  for  making  a  suspect  10 
channel's  historical  signal  data  base,  including  the  en- 
tire  representation  of  all  of  the  historical  data  base  in 
memory,  equal  to  that  of  a  properly  functioning  chan- 
nel  in  an  identically  operating  multichannel  system. 
This  equalization  may  occur  upon  an  external  request  15 
or  automatically. 

This  object  is  achieved  according  to  the  invention 
by  the  method  of  claim  1  and  apparatus  of  claim  5.  Ad- 
vantageous  embodiments  are  described  in  the  de- 
pendent  claims.  20 

According  to  the  present  invention,  a  hierarchical, 
chronological  update  of  the  historical  data  base  of  a 
suspect  channel  is  effected,  upon  request,  using  the 
corresponding  data  bases  of  the  unaffected  chan- 
nels.  The  implementation  of  the  procedure  relies  on  25 
communication  paths  which  are  usually  present  in  a 
redundant  system  for  the  purpose  of  exchanging 
functional  signals  and  other  information.  It  should  be 
noted  that  these  communication  paths,  or  cross- 
channel  data  links  (CCDLs),  are  embedded  in  the  30 
very  architecture  of  redundant  systems  and  are  not 
required  to  be  deployed  for  the  specific  purpose  of 
equalization.  The  invention  disclosed  herein  merely 
relies  on  these  communication  paths  (but  is  not  limit- 
ed  by  them)  for  the  purpose  of  transmitting  historical  35 
information  between  channels.  The  equalization  pro- 
cedure  described  in  detail  herein  essentially  consists 
of  updating,  via  the  CCDL,  the  historical  data  bases 
of  the  channels  being  restored  in  the  hierarchical, 
chronlogical  update  sequence  consistent  with  the  40 
normal  computation  sequence  of  the  involved  para- 
meters.  The  procedure  may  also  be  thought  of,  ab- 
sent  the  time  element,  as  a  hierarchical  updating  in 
the  sense  that  the  computational  steps  must  be  exe- 
cuted  according  to  a  known  sequence  in  which  each  45 
function  or  step  must  be  executed  before  another  all 
the  way  through  the  computational  frame.  Of  course, 
the  time  element  is  introduced  by  virtue  of  the  syn- 
chronous  operation  of  the  redundant  channels. 

In  other  words,  for  example,  if  a  normal  compu-  50 
tation  sequence  in  a  typical  control  law  (normally  im- 
plemented  in  software)  includes  the  filtering  of  an  in- 
put  signal  and  then  its  amplification  at  a  selected 
gain,  the  exact  historical  data  in  the  good  channel's 
filter  is  transmitted  over  the  CCDL  and  is  used  to  up-  55 
date  the  historical  data  used  by  the  corresponding  fil- 
ter  in  the  (suspect)  channel  being  "healed"  before  the 
input  signal  is  filtered  and  before  it  is  amplified  in  the 

suspect  channel.  Similarly,  the  exact  selected  gain 
from  the  "good"  channel  will  be  transmitted  for  updat- 
ing  the  corresponding  amplifier  in  the  suspect  chan- 
nel  before  the  filtered  signal  is  amplified. 

The  equalization  procedure  disclosed  herein  usu- 
ally  spans  many  computation  frames  due  to  the  inher- 
ently  limited  capacity  of  the  CCDL's  in  comparison 
with  the  large  number  of  parameters  to  be  equalized. 
However,  the  procedure  guarantees  identical  ity  of  fil- 
ter  back  values,  etc.,  because  it  relies  on  the  repeat- 
able  nature  of  digital  computations.  Thus,  when  all  in- 
puts  and  back  values  or  historical  data  into  a  function 
are  guaranteed  to  be  bit  for  bit  equalized,  and  all  fu- 
ture  inputs  are  guaranteed  to  be  equal  due  to  voting 
planes,  the  outputs  of  the  function  as  well  as  the  fu- 
ture  back  values  are  also  guaranteed  to  be  identical 
in  different  channels  in  the  absence  of  failures.  Thus, 
when  an  attempt  to  equalize  a  channel  fails,  it  can  be 
uniquely  isolated  to  a  faulty  channel. 

When  the  equalization  of  a  channel  is  requested, 
the  unaffected  channels  begin  transmitting  the  histor- 
ical  parameters  generated  after  the  completion  of  the 
computations  from  a  given  frame  over  the  CCDLs  to 
the  upcoming  channel  which,  in  turn,  hierarchically 
updates  its  corresponding  parameter  values  in  the 
correct  chronology  before  beginning  the  next  set  of 
computations.  This  hierarchical,  chronological  updat- 
ing  technique  is  the  key  element  forthe  success  of  the 
equalization  procedure  disclosed  herein. 

There  exists  another  type  of  information  data 
base  which  plays  a  key  role  in  autoequalization  and 
which  is  also  "equalized"  as  a  consequence  of  using 
the  techniques  disclosed  herein  in  conjunction  with 
symmetrization,  performed  after  equalization.  By  au- 
toequalization  is  meant  an  equalization  of  a  channel 
which  takes  place  automatically,  upon  the  detection 
of  a  problem  in  a  channel's  local  configuration  data 
base.  Autoequalization  is  distinguished  from  simple 
equalization  by  the  nature  of  the  initiating  or  request- 
ing  signal.  In  equalization,  the  request  is  generated 
externally,  e.g.,  by  a  pilot,  i.e.,  in  a  nonautomatic  fash- 
ion. 

In  each  channel  of  an  identically  operating  redun- 
dant  channel  system,  there  exists  a  Channel  Config- 
uration  Data  Base  (CCDB)  and  a  System  Configura- 
tion  Data  Base  (SCDB)  such  as  more  fully  disclosed 
in  co-pending  EP  application  Serial  No.  87630199.5, 
publication  No  0  263  773,  entitled  Symmetrization  for 
Redundant  Channels.  A  symmetrization  routine  ex- 
amines,  in  each  channel,  all  of  the  redundant  CCDBs 
available  over  the  Cross-Channel  Data  Links 
(CCDLs)  and  combines  them  into  a  SCDB  which  then 
qoverns  logical  control  of  all  state  based  decisions  in- 
cluding  voting  plane  configurations.  Since  all  chan- 
nels  perform  this  symmetrization  operation  simulta- 
neously  from  identical  information  (CCDBs,  using  a 
symmetrical  system  architecture),  channel  opera- 
tions  are  symmetrical  and  lead  to  computations  of 
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identical  outputs  using  identical  (voted)  inputs  and  bit 
for  bit  identical  back  values. 

The  systematic  equalization  procedure,  as  de- 
scribed  above,  has  the  effect,  in  conjunction  with 
symmetrization,  of  making  a  suspect  channel's  con- 
figuration  data  base  (CCDB)  equivalent  to  that  of  a 
properly  functioning  channel. 

In  the  past,  when  an  asymmetric  or  transient  fail- 
ure  such  as  a  fault  induced  by  the  "Byzantine  Gener- 
al's"  problem  occurred  in  the  CCDL  or  any  other  input 
element  of  the  system  in  such  a  way  as  to  affect  the 
configuration  or  data  base  of  only  a  subset  of  the 
channels,  the  failure  was  detected  and  isolated  at  the 
voting  planes  and  the  voting  plane  was  reconfigured. 
The  system  then  continued  to  operate  without  a  chan- 
nel  degradation  and  shutdown,  but  with  a  reduced  lev- 
el  of  redundancy  at  the  affected  voting  plane  or 
planes.  The  system  was  then  left  vulnerable  to  any 
subsequent  failures,  real  or  transient,  which  could 
lead  to  channel  shutdown.  There  was  no  built  in 
mechanism  to  automatically  "heal"  the  degradation  in 
the  configuration  caused  by  such  a  transient  or  asym- 
metrical  failure.  The  affected  voting  plane  cannot 
simply  be  abruptly  upgraded,  due  to  the  presence  of 
historical  data  bases  associated  with  the  degraded 
configuration. 

However,  in  further  accord  with  the  present  in- 
vention,  the  equalization  technique  used  for  restoring 
a  shutdown  channel  by  updating  the  historical  signal 
data  base  in  the  affected  channel  has  the  effect,  by 
way  of  symmetrization,  of  upgrading  the  configura- 
tion  data  base  existing  in  the  local  suspect  channel. 
The  voting  plane(s)  can  then  be  "reconfigured  up" 
and  the  system  smoothly  restored  to  its  full  level  of  re- 
dundancy  in  the  presence  of  transient  and  asymmet- 
rical  faults. 

The  autoequalization  procedure  disclosed  herein 
is  triggered  by  a  discrepancy  between  the  above  de- 
scribed  Channel  Configuration  Data  Bases  (CCDBs) 
generated  by  each  of  the  redundant  channels.  The 
CCDB's  are  voted  to  generate  the  system  configura- 
tion  data  base  (SCDB)  which  is  in  turn  used  in  each 
channel  to  drive  all  computational  tasks.  The  SCDB  is 
also  compared,  in  each  channel,  to  the  individual 
CCDB.  Any  channel  in  which  the  CCDB  differs  from 
the  SCDB  is  considered  a  candidate  for  autoequaliza- 
tion.  The  unaffected  channels  transmit  their  historical 
information  associated  with  the  degraded  voting 
plane  over  the  CCDLs.  The  affected  channel  then  au- 
toequalizes  itself  in  a  hierarchical,  chronological  man- 
ner  according  to  an  equalization  process  as  described 
above.  The  affected  voting  plane  or  planes  are  then 
upgraded  smoothly  by  all  channels  by  way  of  sym- 
metrization. 

The  techniques  of  equalization  and  autoequaliza- 
tion  taught  herein  represent  a  very  significant  im- 
provement  over  the  prior  art.  They  are  designed  to 
provide  guaranteed  fault  tolerant  restoration  and  self 

healing  in  identically  operating  channels  in  a  redun- 
dant  channel  system  and  to  generate  identical  out- 
puts  in  the  presence  of  asymmetrical  and  transient 
faults  and  thus  represent  a  major  advance  in  the  art. 

5  These  and  other  objects,  features  and  advantag- 
es  of  the  present  invention  will  become  more  appa- 
rent  in  light  of  the  detailed  description  of  a  best  mode 
embodiment  thereof,  as  illustrated  in  the  accompany- 
ing  drawing. 

10 
Brief  Description  Of  The  Drawing 

Fig.  1  is  a  simplified  block  diagram  illustration  of 
a  redundant  channel  system  showing  portions  of 

15  the  channels  relevant  to  the  present  invention; 
Fig.  2  illustrates  a  typical  control  law; 
Fig.  3  illustrates  a  computation  and  update  se- 
quence  for  the  control  law  of  Fig.  2; 
Fig.  4  is  a  flowchart  illustration  of  an  autoequali- 

20  zation  request  subroutine; 
Fig.  5  is  a  flowchart  illustration  of  an  autoequali- 
zation  response  subroutine;  and 
Fig.  6  is  a  flowchart  illustration  of  the  generation 
of  the  autoequalization  request  (AER)  flag. 

25 
Best  Mode  For  Carrying  Out  The  Invention 

Fig.  1  is  an  illustration  of  signal  flow  in  a  redun- 
dant  channel  control  system  architecture.  Redundan- 

30  cy  management  techniques  are  applied  at  three  vot- 
ing  planes,  i.e.,  an  input  signal  voting  plane  12  (VP1), 
an  intermediate  signal  voting  plane  14  (VP2),  and  an 
output  signal  voting  plane  16  (VP3).  The  redundancy 
management  techniques  associated  with  voting 

35  planes  are  embedded  in  software.  The  number  and 
types  of  voting  planes  illustrated  are  for  illustrative 
purposes  only  and  are  not  intended  to  limit  the  applic- 
ability  of  the  invention  in  any  way. 

The  input  signal  redundancy  management  proce- 
40  duresatthe  input  voting  plane  12  consist  of  two  basic 

steps:  (i)  signal  selection  and  reconfiguration;  and  (ii) 
failure  detection  and  isolation. 

Various  groups  of  redundant  sensors  sets  will  ex- 
ist  in  the  system  such  as  one  such  set  18  illustrated 

45  in  Fig.  1.  For  example,  the  set  18  of  sensors  S1, 
S2,...SN,  i.e.,  20,  22,  ...24,  might  represent  redundant 
analog  or  digital  sensors  for  one  of  the  three  different 
types  of  rate  gyros  (pitch,  yaw,  roll)  in  a  typical  air- 
craft.  Thus,  it  will  be  understood  that  the  sensor  set 

so  18  illustrated  in  Fig.  1  is  merely  one  set  among  many 
such  sets  which  might  include  any  type  of  input  infor- 
mation,  such  as  accelerometers,  pilot  sensors,  angle 
of  attack  sensors,  position  sensors,  air  data  sensors, 
etc.  Similarly,  it  will  be  understood  that  the  redundant 

55  channel  system  10  illustrated  in  Fig.  1  includes  sev- 
eral  channels  26,  28,  30  which  are  merely  very  gen- 
eral  representations  of  channels  which,  in  reality,  are 
considerably  more  complex.  Only  the  general  out- 

4 



7 EP  0  263  055  B1 8 

lines  of  each  of  the  channels  with  respect  to  one  sen- 
sor  set  1  8  and  one  related  effector  or  actuator  32  is 
illustrated  in  Fig.  1.  In  reality,  it  will  be  understood, 
that  many  such  sensor  sets  and  effectors  are  within 
such  a  system.  Each  such  effector  will  in  general  be 
controlled  by  a  unique  control  law  responsive  to  vari- 
ous  sensors  within  the  system.  However,  the  general 
principles  disclosed  in  connection  with  Fig.  1  and  the 
remainder  of  the  Figures  and  the  specification  below 
are  generally  applicable  to  all  such  sensor  or  input  in- 
formation  sets  and  effectors  controlled  by  the  various 
channels. 

The  first  voting  plane  (VP1)  signal  select  blocks 
34,  36,  38  will  employ  an  algorithm  to  select  an  appro- 
priate  signal  value  on  lines  40,  42,  44.  The  algorithm 
used  may  include  taking  an  average  of  signals  within 
an  acceptable  band  of  values  or  any  such  similar  se- 
lection  method. 

For  example,  three  sensors  may  be  used  to  select 
a  mid  value  for  subsequent  control  computations. 
When  one  of  these  three  sensors  fails,  it  is  detected, 
isolated  and  replaced  by  the  fourth  sensor  in  a  mid 
value  selection  process  46,  48,  50.  Upon  detection 
and  isolation  of  a  second  failed  sensor,  a  switch  to  the 
average  value  of  the  remaining  two  sensors  for  con- 
trol  or  computations  is  made.  Should  a  third  failure  be 
detected,  the  reconfigured  duplex  set  is  considered 
faulted  and  may  be  removed  from  the  computational 
process. 

The  second  voting  plane  14  illustrated  in  Fig.  1  is 
applicable  only  for  reselecting  among  the  input  sig- 
nals  selected  at  the  first  voting  plane  12.  The  redun- 
dancy  management  procedure  applied  at  this  and 
other  voting  planes  may  be  identical  to  or  a  subset  of 
the  redundancy  management  algorithm  used  at  vot- 
ing  plane  1  depending  on  the  application. 

This  voting  plane  may  invoke  mid  value  voting 
among  those  selected  signals  which  are  digitally 
cross-strapped  and  placed  symmetrically  into  mem- 
ory  blocks  in  each  channel.  Under  no  failure  condi- 
tions  the  selected  signals  from  VP1  input  into  the  sec- 
ond  voting  plane  would  be  identical  in  all  channels  in 
the  absence  of  asymmetrical  events  or  faults,  includ- 
ing  Byzantine  faults,  leading  to  dissimilar  signals 
and/or  configuration  data  bases.  Since  all  channels 
select  the  identical  mid  value  in  the  absence  of  fail- 
ures,  the  input  data  base  in  all  channels  is  fully  sym- 
metrical.  As  a  result,  the  outputs  of  each  channel  are 
guaranteed  to  be  bit-for-bit  identical  if  the  historical  in- 
formation  data  bases  are  held  identical. 

The  selected  signals  54,  56,  58  from  the  second 
voting  plane  are  provided  to  control  law  blocks  60,  62, 
64  which  contain  all  of  the  control  laws  required  to  be 
executed  on  the  input  signals  54,  56,  58.  These  may 
include  typical  control  laws  including  simple  lead-lag 
filters,  first  order  lag  filters,  quadradic  filters,  quad- 
radic  ratio  filters,  integrators,  differentiators, 
switches,  etc. 

Any  of  these  control  law  elements  for  example,  a 
second  order  filter,  may  be  represented  as  a  transfer 
function  responsive  to  an  input  stimulus  x(n)  for  pro- 
viding  an  output  signal  y(n)  as  follows: 

y(n)  =  x(n)  +  [ai[x(n-1)]  +  a2[y(n-1)]] 
It  will  be  observed  the  after  the  x(n)  expression  in  the 
above  difference  equation  there  is  an  expression  in 
brackets  which  describes  the  historical  values  asso- 
ciated  with  that  filter  at  any  given  point  in  time.  It  is 
these  back  values  that  must  be  equalized,  according 
to  a  central  teaching  of  the  present  invention,  in  heal- 
ing  a  suspect  channel. 

The  control  laws  and  voting  plane  elements  in  a 
suspect  channel  will  be  equalized  over  cross-channel 
data  links  52a  by  transmitting  historical  values  from 
corresponding  control  laws  and  voting  plane  ele- 
ments  in  one  of  the  "good"  channels.  Thus,  if  control 
laws  in  block  60  are  subject  to  an  equalization  proce- 
dure,  there  will  be  a  transmission  of  historical  data 
from  control  laws  62  and  64  to  control  laws  60.  Of 
course,  control  laws  62  and  64  are  identically  operat- 
ing  and  therefore  the  choice  of  which  one  to  select  is 
immaterial.  However,  in  order  to  prevent  the  system 
from  perpetuating  a  fault  caused,  for  example,  by  the 
Byzantine  General's  problem,  the  parameters  from 
blocks  62  and  64  can  be  compared  and  used  in  block 
60  only  if  they  are  identical,  thereby  adding  another 
degree  of  fault  tolerance  to  the  system. 

Referring  now  to  Fig.  2,  a  typical  "control  law"  for 
an  aircraft  application  is  illustrated.  A  normal  or  vert- 
ical  aircraft  acceleration  signal  on  a  line  100  is  provid- 
ed  to  a  functional  block  102  which  may  include  a  cor- 
rection  factor  or  some  otherfunction.  Acorrected  sig- 
nal  value  on  a  line  104  is  provided  to  a  FILTER  1  block 
106  which  may  include  a  first  order  lag  filter  having 
historical  back  values.  It  is  filters  such  as  these  which 
contain  historical  information  which  must  be  chrono- 
logically  updated  over  one  or  more  of  the  CCDLs  52, 
52a,  52b  of  Fig.  1.  Afiltered  signal  value  on  a  line  108 
is  provided  to  a  GAIN  1  unit  110  which  is  responsive 
to  an  AIR  DATA1  signal  on  a  line  112  from  an  air  data 
signal  source  114.  Instead  of  air  data,  an  alternate  val- 
ue  may  be  provided  from  a  different  source  on  a  sig- 
nal  line  116  depending  on  the  position  of  a  switch  118. 
The  air  data  or  alternate  values  will  determine  the 
gain  in  the  gain  unit  110.  The  signal  output  of  gain  unit 
1  1  0  is  provided  on  a  line  1  20  to  a  switch  unit  1  22  which 
may  provide  it  as  an  output  signal  on  a  line  124  to,  for 
example,  other  control  laws. 

Switch  122  may  instead  obtain  its  output  signal 
from  a  signal  on  a  line  126  from  a  gain  unit  128  which 
in  turn  responds  to  an  input  signal  on  a  line  130  from 
a  FILTER  2  132  which  is  responsive  to  the  signal  on 
line  108  from  filter  106. 

The  control  law  illustrated  in  Fig.  2  has  no  partic- 
ular  significance  in  and  of  itself  for  the  disclosure  of 
the  invention  claimed  herein.  However,  it  is  illustra- 
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tive  of  a  typical  control  law  which  may  be  redundantly 
included  in  each  of  the  control  laws  60,  62,  64  of  Fig. 
1.  As  such,  according  to  the  present  invention,  if  a 
channel  is  involved  in  an  equalization  procedure,  it 
will  either  provide  or  be  the  recipient  of  historical  val- 
ues,  depending  on  whether  the  control  law  is  resident 
in  a  channel  requesting  equalization  or  being  request- 
ed  to  supply  historical  data  to  such  a  channel. 

Referring  now  to  Fig.  3,  which  will  be  referred  to 
in  conjunction  with  Fig.  2,  it  will  be  observed  that  the 
normal  computation  sequence  for  the  control  law  illu- 
strated  in  Fig.  2  is  laid  out  there  in  a  vertical  format 
indicative,  from  top  to  bottom,  of  the  normal  compu- 
tational  sequence  executed  by  the  control  law  of  Fig. 
2.  It  is  a  central  teaching  of  the  present  invention  that 
the  historical  updating  sequence  required  for  a  sys- 
tem  subject  to  an  equalization  procedure  is  to  transfer 
the  historical  signal  value  for  a  particular  filter,  switch, 
etc.,  after  executing  that  particular  unit  of  the  control 
law  in  the  providing  channel  (operating  correctly)  and 
before  executing  that  control  law  unit  in  the  next  cycle 
in  the  receiving  channel  (operating  incorrectly).  For 
example,  if  channel  number  1  of  Fig.  1  needs  to  be 
equalized  and  channel  number  2  is  selected  as  the 
channel  to  provide  the  historical  data,  then  if  filter  106 
in  channel  1  is  about  to  process  an  identical  (correct- 
ed)  signal  on  line  104,  the  filter  106  must  first  be  up- 
dated  using  the  last  frame's  historical  data  resident  in 
the  corresponding  filter  106  in  channel  2  over  CCDL 
52a  after  it  has  been  computed  in  the  previous  frame. 

Furthermore,  once  this  historical  filter  data  is 
transferred  and  utilized,  the  filtered  output  signal  on 
line  108  in  channel  1  will  be  identical  to  the  corre- 
sponding  channel  2  signal  on  line  108  and  as  long  as 
the  signal  inputs  on  line  104  are  identical,  it  will  stay 
identical.  Having  done  this,  the  historical  data  in  gain 
110  in  channel  1  can  be  updated  using  the  corre- 
sponding  channel  2  data  base  in  order  to  equalize  out- 
put  120.  The  other  computations  in  the  sequence  are 
similarly  hierarchically  and  chronologically  constrain- 
ed  by  the  imposed  execution/equalization  sequences 
shown  in  Fig.  3.  This  is  a  good  example  of  what  is 
meant  by  a  hierarchical,  chronological  updating. 

Referring  now  back  to  Fig.  1  ,  the  control  laws  in 
each  channel  will  provide  output  signals  on  lines  66, 
68,  70  to  output  value  command  blocks  72,  74,  76 
which  in  turn  provide  output  signals  on  lines  78,  80, 
82  to  effector  32.  Each  control  signal  may  contribute 
a  portion  or  all  of  the  command  signal  necessary  to 
drive  the  effector. 

A  voting  plane  16  associated  with  the  output  sig- 
nal  selection  blocks  72,  74,  76  is  required  to  compare 
the  cross-strapped  signals  with  each  other  to  detect 
and  isolate  a  faulty  command.  The  commands  should 
be  bit-for-bit  identical  in  a  non-failed  state,  and  should 
lead  to  rapid  failure  detection  and  correct  isolation  of 
the  faulty  channel.  Alternatively,  the  signal  compari- 
son  technique  may  be  chosen  in  order  to  provide  an 

added  degree  of  fault  tolerance  and  avoid  repeated 
equalization  requests. 

Fig.  6  is  a  partial  illustration  of  the  mechanization 
of  a  special  case  of  using  symmetrization,  for  purpos- 

5  es  of  detecting  a  need  for  equalization,  i.e.,  autoe- 
qualization.  Reference  is  made  toco-pending  EP  ap- 
plication  Serial  No  87630199.5,  publication  No  0  263 
773  for  a  more  complete  disclosure  of  the  symmetri- 
zation  process  itself.  The  signal  on  line  139  of  Fig.  6 

10  of  this  patent  specification  corresponds  to  the  signal 
on  line  70  to  Fig.  2  of  that  specification.  The  illustra- 
tion  of  Fig.  6  herein  is  for  a  single  channel,  e.g.,  chan- 
nel  number  1  in  a  four  channel  system.  A  plurality  of 
channel  configuration  data  base  (CCDB)  signals  on 

15  lines  134,  135,  136,  137  from,  respectively,  channels 
1  ,  2,  3,  4,  are  received  over  cross-channel  data  links 
similar  to  those  shown  in  Fig.  1  and  are  presented  to 
a  channel  1  symmetrization  vote  as  indicated  by  a 
voting  process  138.  Each  of  the  CCDBs  received  are 

20  from  the  just  completed  (n-1)  computational  frame. 
The  voting  process  produces  a  voted  System  config- 
uration  Data  Base  [SCDB(n-1)]  signal  on  a  line  139 
which  is  presented  to  a  comparator  140  in  which  a 
comparison  is  made  between  the  voted  SCDB  (n-1) 

25  and  the  local  version  thereof  as  indicated  by  a  signal 
on  a  line  141.  Of  course,  the  CCDB  signal  lines  and 
the  SCDB  signal  lines  illustrated  in  Fig.  6  are  each,  in 
reality,  many  signals  comprising  a  complete  configur- 
ation  data  base.  If  the  comparison  determines  that  the 

30  two  compared  configuration  data  bases  are  different 
in  some  way,  than  a  MISCOMPARE  signal  on  a  line 
142  is  provided  to  a  block  143  in  which  steps  are  taken 
to  set  an  autoequalization  request  (AER)  flag  for  the 
local  channel.  One  the  equalization  process  is  com- 

35  pleted  a  new  symmetrization  vote  will  take  place  in 
the  local  channel  and  the  previously  degraded  por- 
tions  of  the  local  channel  may  now  be  upgraded. 

Referring  now  to  Fig.  4,  an  illustration  of  a  sub- 
routine,  or  logical  steps  which  may  be  executed  in  a 

40  channel  of  a  typical  quadraplex  system  to  effect  au- 
toequalization  at  voting  plane  2  (VP2)  when  request- 
ed.  It  will  be  understood  that  a  similar  procedure  can 
be  used  to  perform  autoequalization  at  any  other  vot- 
ing  plane  or  planes.  The  following  discussion  is  based 

45  on  the  VP2  equalization  case.  The  flowchart  of  Fig.  4 
may  be  characterized  as  describing  "autoequalization 
receive"  processing  to  determine  if  voting  plane  2 
should  be  the  recipient  of  autoequalization  and,  if  so, 
taking  the  necessary  steps.  Beginning  with  a  step  150 

so  in  which  the  subroutine  is  first  entered,  a  step  158  is 
next  executed  in  which  it  is  determined  whether  the 
configuration  at  voting  plane  14  of  Fig.  1  is,  fora  quad- 
raplex  system,  still  quad  or  at  least  still  triplex.  In 
other  words,  has  the  quad  system  degraded  belowtri- 

55  plex  to  duplex?  If  so,  the  system  has  degraded  to  a 
point  where  majority  votes  are  no  longer  meaningful 
and  hence  autoequalization  will  not  be  executed. 
Therefore,  all  AER  flags  are  cleared  in  the  CCDB,  as 
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executed  by  step  154,  and  an  exit  is  then  made  via 
step  156  from  the  subroutine.  If  the  configuration  at 
voting  plane  2  is  still  quad  ortriplex,  a  step  160  is  next 
executed  in  which  the  channel's  System  Configura- 
tion  Data  Base  (SCDB)  is  read  to  determine  the  sys- 
tem  status,  as  understood  by  the  channel,  including 
any  autoequalization  requests  within  the  various 
channels  in  the  system. 

A  step  162  is  next  executed  in  which  the  data  in 
the  subject  channel  at  voting  plane  2  is  compared  to 
the  data  contents  of  the  other  channels  in  the  system 
as  communicated  over  the  CCDLs.  This  step  corre- 
sponds  to  the  comparison  140  of  Fig.  6.  If  a  determi- 
nation  is  made  in  step  162  that  the  channel's  voting 
plane  2  is  faulted  then  an  exit  is  made  via  step  156 
from  the  subroutine  and  other  steps  may  be  taken,  in- 
cluding  the  setting  the  channel's  AER  flag  as  in  the 
step  143  of  Fig.  6.  (Such  a  step  could  easily  be  inter- 
posed  between  steps  162  and  164  to  save  an  exit  and 
later  return  if  no  other  tasks  need  be  completed  out- 
side  the  subroutine  before  executing  step  166.) 

If  it  is  determined  in  step  162  that  the  channel's 
voting  plane  14  is  not  faulted,  a  determination  is  next 
made  in  a  step  164  as  to  whether  or  not  the  channel's 
AER  flag  is  set.  If  not,  an  exit  is  made  in  step  156.  If 
so,  the  step  166  is  next  executed  in  which  a  compar- 
ison  of  the  sensor  set  data  from  any  two  "good"  chan- 
nels  (those  not  requesting  AER)  is  made,  if  the  data 
is  identical,  as  determined  in  a  step  168,  the  channel's 
filters,  switches,  etc.,  are  updated  in  a  hierarchical, 
chronological  manner  with  historical  data  from  com- 
parable  filters,  switches,  etc.,  in  one  of  the  "good" 
channels,  as  indicated  in  a  step  170.  If  the  data  was 
determined  not  to  be  identical  in  step  168,  step  170 
is  bypassed  and  a  step  172  is  executed  directly  in 
which  a  determination  is  made  as  to  whether  or  not 
the  update  has  been  completed.  If  not,  an  exit  is  made 
in  step  156  and  another  pass  through  the  subroutine 
may  be  made  later.  If  so,  all  AERf  lags  in  the  channel's 
CCDB  are  cleared  in  a  step  174  and  an  exit  is  made 
in  step  156. 

Referring  now  to  Fig.  5,  a  flowchart  illustration  is 
presented  of  the  logical  steps  required  to  be  executed 
by  each  channel  in  the  quadraplex  system  to  deter- 
mine  whether  or  not  it  is  being  called  upon  to  transmit 
historical  data  to  a  channel  requesting  autoequaliza- 
tion  and,  if  so,  to  effect  such  a  transfer  of  data.  The 
flowchart  of  Fig.  5,  like  Fig.  4,  represents  only  a  small 
portion  of  the  total  scope  of  the  autoequalization  proc- 
ess  but  typifies  the  procedure  as  illustrated  in  the 
special  case  of  voting  plane  2  and  may  be  character- 
ized  as  describing  "autoequalization  transmit"  proc- 
essing  for  VP2. 

After  entering  the  subroutine  illustrated  in  Fig.  5 
in  a  step  200,  a  step  208  is  next  executed  in  which  a 
determination  is  made  as  to  whether  or  not  the  sys- 
tem's  voting  plane  2  configuration  is  still  quadraplex 
or  triplex.  If  not,  then  step  204  is  executed  and  an  exit 

is  made  in  step  206.  No  autoequalization  will  be  per- 
mitted  under  such  a  circumstance. 

If  it  is  determined  in  step  208  that  the  system's 
voting  plane  2  configuration  is  still  quadraplex  or  tri- 

5  plex,  the  SCDB  in  that  channel  is  consulted  to  read 
the  present  value  of  the  AER  as  indicated  in  a  step 
210.  If  the  AER  is  equal  to  zero,  i.e.,  if  the  AER  flag 
is  not  set,  as  indicated  by  a  decision  step  211  then 
step  204  and  206  are  executed  and  the  subroutine  is 

10  exited. 
If  not,  a  step  222  is  next  executed  in  which  a  de- 

termination  is  made  as  to  whether  or  not  all  historical 
data  has  been  transmitted  in  connection  with  an  au- 
toequalization  request.  If  so,  then  step  204  and  206 

15  are  executed  in  which  all  AER  flags  in  the  CCDB  are 
cleared  and  an  exit  is  made  from  the  subroutine.  If  all 
the  historical  has  not  been  transmitted  then  a  step 
224  is  next  executed  in  which  additional  historical 
data  from  the  subject  channel's  filters,  switches,  etc., 

20  are  transmitted  in  a  hierarchical,  chronological  man- 
ner  to  the  channel  requesting  autoequalization.  Step 
206  is  next  executed  and  an  exit  is  made  from  the 
subroutine. 

The  routines  necessary  to  carry  out  the  equal  iza- 
25  tion  and  autoequalization  procedures  disclosed  in  the 

various  channels  of  the  redundant  system  can  be  pro- 
grammed  into  any  one  or  more  signal  processors  in 
the  system.  Each  channel  may  have  its  own  signal 
processor  dedicated  or  partially  dedicated  to  this 

30  function  as  shown  by  a  signal  processor  250  in  Fig. 
6.  An  AER  flag  signal  on  a  line  252  is  provided  to  the 
signal  processor  in  response  to  the  miscompare  sig- 
nal  on  line  142.  The  signal  processor  will  of  course 
contain  all  of  the  basic  building  blocks  of  a  modern 

35  signal  processor  including  input/output  ports,  random 
access  memory,  read  only  memory,  a  central  proc- 
essing  unit,  an  address  bus,  a  data  bus,  etc.  The  sig- 
nal  processor  would  be  replicated  in  each  channel 
and  would  have  all  the  equalization  routines  stored  in 

40  its  read  only  memory  and  would  store  historical  val- 
ues  received  from  other  channels  in  its  random  ac- 
cess  memory  for  equalizing  its  own  values  in  the 
presence  of  a  miscompare.  Thus  there  would  be  va- 
rious  control,  data  and  address  signal  lines  emanat- 

45  ing  from  the  signal  processor  channel  of  the  redun- 
dant  system  of  Fig.  1  for  controlling  the  proper  se- 
quential  distribution  of  the  historical  signal  values  to 
the  various  components  within  the  channel.  Of 
course,  various  signal  processor(s)  will  already  be 

so  embedded  in  the  various  channels  and  may  be  util- 
ized  for  this  purpose. 

Claims 
55 

1  .  A  method  for  use  in  a  redundant  channel  system 
having  identically  operating,  synchronous  chan- 
nels,  said  method  for  attempting  restoration  to 
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identical  operation  of  a  suspect  channel  present- 
ly  providing  nonidentical  output  signal  data,  com- 
prising  the  steps  of: 

comparing  configuration  signal  data  bas- 
es  containing  historical  signal  data  in  each  chan-  5 
nel  to  generate  a  voted  configuration  data  base 
which  is  used  in  each  channel  to  drive  computa- 
tional  tasks,  said  comparing  step  identifying  a 
channel  in  which  a  miscompare  exists  as  suspect 
by  providing  a  miscompare  signal  for  that  chan-  10 
nel;  and 

equalizing  the  suspect  channel's  historical 
signal  data  to  that  of  a  correctly  operating  chan- 
nel  through  cross  channel  data  link  means  in  re- 
sponse  to  said  miscompare  signal  by  transmit-  15 
ting  historical  signal  data  from  a  correctly  func- 
tioning  channel  to  said  suspect  channel,  wherein 
said  step  of  equalizing  is  effected  by  executing  a 
series  of  equalizing  substeps  in  a  hierarchical, 
chronological  manner,  such  that  said  equalizing  20 
step  of  any  particular  signal  data  in  the  suspect 
channel  for  a  present  comparison  or  computation 
step  occurs  at  or  after  the  generation  of  the  signal 
data  in  a  correctly  operating  channel  and  before 
said  present  comparison  or  computation  step  oc-  25 
curs  in  said  suspect  channel. 

The  method  of  claim  1  ,  wherein  said  series  of 
equalizing  steps  is  executed  within  a  correspond- 
ing  series  of  frames,  each  equalizing  step  for  a  30 
corresponding  frame  being  made  up  of  a  series 
of  equalizing  substeps  corresponding  to  a  series 
of  normal  computational  substeps  in  that  frame, 
said  equalizing  substeps  being  executed  in  a  hi- 
erarchical,  chronological  manner  corresponding  35 
to  the  execution  of  said  normal  computational 
substeps  in  said  frame,  such  that  said  equalizing 
of  any  particular  signal  data  in  the  suspect  chan- 
nel  for  a  present  frame  comparison  or  computa- 
tion  step  occurs  at  or  after  its  generation  in  a  pre-  40 
vious  frame  in  a  correctly  operating  channel  and 
before  said  comparison  or  computation  step  oc- 
curs  in  said  suspect  channel  in  said  present 
frame. 

45 
The  method  of  claim  1  or  2,  further  comprising 
the  step  of  symmetrizing  the  suspect  channel's 
configuration  signal  data  base  after  equalizing  its 
historical  signal  data. 

50 
The  method  of  claim  1  or  2,  further  comprising 
the  steps  of: 

providing  an  externally  generated  equali- 
zation  command  signal;  and 

equalizing  the  suspect  channel's  historical  55 
signal  data  to  that  of  a  correctly  operating  chan- 
nel  in  response  to  said  command  signal. 

5.  Apparatus  for  use  in  a  redundant  channel  system 
having  identically  operating,  synchronous  chan- 
nels  (26,28,30),  wherein  each  channel  drives 
computational  tasks,  the  system  having  cross- 
channel  data  link  means  (52,52a,52b),  respon- 
sive  to  configuration  signal  data  bases  resident  in 
each  channel  which  contain  historical  signal  data, 
responsive  to  input  signal  data  provided  to  all 
channels  in  the  system  and  responsive  to  output 
signal  data  generated  in  all  channels  in  the  sys- 
tem  for  communicating  all  of  said  signal  data  be- 
tween  channels,  said  apparatus  for  use  in  a 
method  for  attempting  restoration  to  identical  op- 
eration  of  a  suspect  channel  presently  providing 
nonidentical  output  signal  data,  comprising: 

comparing  means  (138,140)  for  compar- 
ing  configuration  signal  data  bases  in  each  chan- 
nel  to  generate  a  voted  configuration  data  base 
(139)  which  is  used  in  each  channel  to  drive  com- 
putational  tasks,  said  comparing  means  identify- 
ing  a  channel  in  which  a  miscompare  (142)  exists 
as  suspect  by  providing  a  miscompare  signal  for 
that  channel;  and 

equalizing  means  (143,250)  responsive  to 
said  miscompare  signal  and  to  the  historical  sig- 
nal  data  of  a  correctly  functioning  channel  which 
is  communicated  through  said  cross-channel 
data  link  means  (54)  for  equalizing  the  suspect 
channel's  historical  signal  data  to  that  of  a  cor- 
rectly  operating  channel,  wherein  said  equalizing 
means  effects  equalization  by  executing  a  series 
of  equalizing  substeps  in  a  hierarchical,  chrono- 
logical  manner,  such  that  said  equalization  of  any 
particular  signal  data  in  the  suspect  channel  for 
a  present  comparison  or  computation  step  occurs 
at  or  after  the  generation  of  the  signal  data  in  a 
correctly  operating  channel  and  before  said  com- 
parison  or  computation  step  occurs  in  said  sus- 
pect  channel. 

6.  The  apparatus  of  claim  5,  further  comprising 
means  for  symmetrizing  the  suspect  channel's 
configuration  signal  data  base  after  equalizing  its 
historical  signal  data. 

7.  The  apparatus  of  claim  5,  wherein  said  means  re- 
sponsive  to  said  signal  data  communicated  be- 
tween  channels  is  also  responsive  to  an  extern- 
ally  generated  equalization  command  signal  for 
equalizing  the  suspect  channel's  signal  data  to 
that  of  a  properly  functioning  channel. 

Patentanspruche 

1.  Verfahren  zur  Verwendung  in  einem  redundan- 
ten  Kanalsystem,  das  identisch  arbeitende,  syn- 
chrone  Kanale  hat,  wobei  das  Verfahren,  urn  zu 
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versuchen,  einen  identischen  Betrieb  eines  sus- 
pekten  Kanals  wiederherzustellen,  der  gegen- 
wartig  nichtidentische  Ausgangssignaldaten  lie- 
fert,  die  folgenden  Schritte  umfalit: 
Vergleichen  von  Konfigurationssignaldatenba-  5 
sen,  die  historische  Signaldaten  enthalten,  in  je- 
dem  Kanal,  um  eine  votierte  Konfigurationsda- 
tenbasis  zu  erzeugen,  die  in  jedem  Kanal  benutzt 
wird,  um  Berechnungsaufgaben  zu  leiten,  wobei 
der  Vergleichsschritt  einen  Kanal,  in  welchem  ei-  10 
ne  Ungleicheit  existiert,  als  suspekt  identif  iziert, 
indem  erein  Ungleichsignal  furdiesen  Kanal  lie- 
fert;  und 
Egalisieren  der  historischen  Signaldaten  des 
suspekten  Kanals  mit  denjenigen  eines  korrekt  15 
arbeitenden  Kanals  uber  Querkanaldatenverbin- 
dungseinrichtungen  auf  das  Ungleichsignal  hin 
durch  Ubertragen  von  historischen  Signaldaten 
aus  einem  korrekt  funktionierenden  Kanal  zu 
dem  suspekten  Kanal,  wobei  der  Schritt  des  Ega-  20 
lisierens  bewirktwird  durch  Ausfuhren  einer  Serie 
von  Egalisierunterschritten  auf  hierarchische, 
chronologische  Art  und  Weise,  so  dali  der  Egali- 
sierschritt  von  irgendwelchen  besonderen  Si- 
gnaldaten  in  dem  suspekten  Kanal  fur  einen  ge-  25 
genwartigen  Vergleichs-  oder  Berechnungs- 
schritt  bei  oder  nach  der  Erzeugnung  der  Signal- 
daten  in  einem  korrekt  arbeitenden  Kanal  erfolgt 
und  vor  dem  gegenwartigen  Vergleichs-  oder  Be- 
rechnungsschritt  in  dem  suspekten  Kanal  erfolgt.  30 

2.  Verfahren  nach  Anspruch  1  ,  wobei  die  Serie  von 
Egalisierschritten  innerhalb  einer  entsprechen- 
den  Serie  von  Blocken  ausgefuhrt  wird,  wobei  je- 
der  Egalisierschritt  fur  einen  entsprechenden  35 
Block  aus  einer  Serie  von  Egalisierunterschritten 
aufgebaut  ist,  die  einer  Serie  von  normalen  Be- 
rechnungsunterschritten  in  diesem  Block  ent- 
sprechen,  wobei  die  Egalisierunterschritte  auf  ei- 
ne  hierarchische,  chronologische  Art  und  Weise  40 
ausgefuhrt  werden,  die  der  Ausfuhrung  der  nor- 
malen  Berechnungsunterschritte  in  dem  Block 
entspricht,  so  dali  das  Egalisieren  von  irgendwel- 
chen  besonderen  Signaldaten  in  dem  suspekten 
Kanal  fur  einen  gegenwartigen  Blockvergleichs-  45 
oder  -berechnungsschritt  bei  oder  nach  seiner 
Erzeugung  in  einem  vorherigen  Block  in  einem 
korrekt  arbeitenden  Kanal  erfolgt  und  bevor  der 
Vergleichs-  oder  Berechnungsschritt  in  dem  sus- 
pekten  Kanal  in  dem  gegenwartigen  Block  er-  50 
folgt. 

3.  Verfahren  nach  Anspruch  1  oder  2,  weiter  bein- 
haltend  den  Schritt,  die  Konfigurationssignalda- 
tenbasis  des  suspekten  Kanals  nach  dem  Egali-  55 
sieren  seiner  historischen  Signaldaten  zu 
symmetrieren. 

4.  Verfahren  nach  Anspruch  1  oder  2,  weiter  bein- 
haltend  die  Schritte: 
Liefern  eines  extern  erzeugten  Egalisierbefehls- 
signals;  und 
Egalisieren  der  historischen  Signaldaten  des 
suspekten  Kanals  mit  denjenigen  eines  korrekt 
arbeitenden  Kanals  auf  das  Befehlssignal  hin. 

5.  Anordnung  zur  Verwendung  in  einem  redundan- 
ten  Kanalsystem,  das  identisch  arbeitende,  syn- 
chrone  Kanale  (26,  28,  30)  hat,  wobei  jeder  Kanal 
Berechnungsaufgaben  leitet,  wobei  das  System 
Querkanaldatenverbindungseinrichtungen  (52, 
52a,  52b)  hat,  die  auf  die  Konf  igurationssignalda- 
tenbasen  hin,  welche  in  jedem  Kanal  resident 
sind  und  historische  Signaldaten  enthalten,  auf 
die  Eingangssignaldaten  hin,  die  alien  Kanalen  in 
dem  System  geliefert  werden,  und  auf  die  Aus- 
gangssignaldaten  hin,  die  alien  Kanalen  in  dem 
System  zur  Ubertragung  von  samtlichen  Signal- 
daten  zwischen  den  Kanalen  erzeugt  werden,  die 
Anordnung  zur  Verwendung  bei  einem  Verfahren 
zum  Versuchen,  einen  identischen  Betrieb  eines 
suspekten  Kanals  wiederherzustellen,  der  ge- 
genwartig  nichtidentische  Ausgangssignaldaten 
liefert,  beinhaltet: 
eine  Vergleichseinrichtung  (138,  140)  zum  Ver- 
gleichen  der  Konfigurationssignaldatenbasen  in 
jedem  Kanal,  um  eine  votierte  Konf  igurationsda- 
tenbasis  (139)  zu  erzeugen,  die  in  jedem  Kanal 
benutzt  wird,  um  Berechnungsaufgaben  zu  lei- 
ten,  wobei  die  Vergleichseinrichtung  einen  Kanal, 
in  welchem  eine  Ungleichheit  (142)  existiert,  als 
suspekt  identifiziert,  indem  sie  ein  Ungleichsi- 
gnal  furdiesen  Kanal  liefert;  und 
eine  Egalisiereinrichtung  (143,  250),  die  auf  das 
Ungleichsignal  und  auf  die  historischen  Signalda- 
ten  eines  korrekt  funktionierenden  Kanals  hin, 
die  uber  die  Querkanaldatenverbindungseinrich- 
tung  (54)  ubertragen  werden,  die  historischen  Si- 
gnaldaten  des  suspekten  Kanals  mit  denen  eines 
korrekt  arbeitenden  Kanals  egalisiert,  wobei  die 
Egalisiereinrichtung  die  Egalisierung  bewirkt 
durch  Ausfuhren  einer  Serie  von  Egalisierunter- 
schritten  auf  eine  hierarchische,  chronologische 
Art  und  Weise,  so  dali  die  Egalisierung  von  ir- 
gendwelchen  besonderen  Signaldaten  in  dem 
suspekten  Kanal  fur  einen  gegenwartigen  Ver- 
gleichs-  oder  Berechnungsschritt  bei  oder  nach 
der  Erzeugung  der  Signaldaten  in  einem  korrekt 
arbeitenden  Kanal  erfolgt  und  bevor  der  Ver- 
gleichs-  oder  Berechnungsschritt  in  dem  suspek- 
ten  Kanal  erfolgt. 

6.  Anordnung  nach  Anspruch  5,  weiter  mit  einer  Ein- 
richtung  zum  Symmetrieren  der  Konfigurations- 
signaldatenbasis  des  suspekten  Kanals  nach 
dem  Egalisieren  seiner  historischen  Signaldaten. 

9 
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7.  Anordnung  nach  Anspruch  5,  wobei  die  Einrich- 
tung,  die  auf  die  Signaldaten  anspricht,  die  zwi- 
schen  den  Kanalen  ubertragen  werden,  aulier- 
dem  auf  ein  extern  erzeugtes  Egalisierbefehlssi- 
gnal  hin  die  Signaldaten  des  suspekten  Kanals  5 
mit  denen  eines  richtig  funktionierenden  Kanals 
egalisiert. 

Revendications  w 

1.  Precede  destine  a  etre  utilise  dans  un  systeme  a 
canaux  redondants  ayant  des  canaux  synchro- 
nesfonctionnantd'une  maniere  identique,  ce  pro- 
cede  visant  a  retablir  un  fonctionnement  identi-  15 
qued'un  canal  suspect  fournissant  presentement 
des  donnees  de  signaux  de  sortie  non  identi- 
ques,  comprenant  les  etapes  consistant  a 
comparer  des  bases  de  donnees  de  configura- 
tion  de  signal  contenant  des  donnees  de  signaux  20 
historiques  dans  chaque  canal  pour  produire  une 
base  de  donnees  de  configuration  votee  qui  est 
utilisee,  dans  chaque  canal,  pour  executer  des 
taches  de  calcul,  cette  etape  de  comparaison 
identif  iant,  comme  etant  suspect,  un  canal  dans  25 
lequel  une  non  concordance  existe,  en  fournis- 
sant  un  signal  de  non  concordance  pour  ce  canal, 
et  a  egaliser  la  donnee  de  signal  historique  du  ca- 
nal  suspect  avec  celle  d'un  canal  fonctionnant 
correctement,  par  I'intennediaire  d'un  moyen  de  30 
liaison  de  donnees  entre  canaux,  en  reponse  au 
signal  de  non  concordance,  en  transmettant  des 
donnees  de  signal  historiques  a  partird'un  canal 
fonctionnant  correctement  et  vers  le  canal  sus- 
pect,  dans  lequel  cette  etape  d'egalisation  est  ef-  35 
fectuee  en  executant  une  serie  de  sous-etapes 
d'egalisation  d'une  maniere  hierarchique  et  chro- 
nologique  de  telle  facon  que  I'etape  d'egalisation 
d'une  donnee  de  signal  particuliere  dans  le  canal 
suspect,  pour  une  etape  presente  de  comparai-  40 
son  ou  de  calcul,  ait  lieu  lors  de  la  production  de 
la  donnee  de  signal  ou  apres  cette  production 
dans  un  canal  fonctionnant  correctement  etavant 
que  I'etape  presente  de  comparaison  ou  de  calcul 
n'ait  lieu  dans  le  canal  suspect.  45 

2.  Precede  suivant  la  revendication  1  caracterise  en 
ce  que  la  serie  d'etapes  d'egalisation  est  execu- 
tee  dans  une  serie  correspondante  de  trames, 
chaque  etape  d'egalisation  pour  une  trame  50 
correspondante  etant  constitute  d'une  serie  de 
sous-etapes  d'egalisation  correspondant  a  une 
serie  de  sous-etapes  de  calcul  normales  dans 
cette  trame,  ces  sous-etapes  d'egalisation  etant 
executees  d'une  maniere  hierarchique  et  chrono-  55 
logique  correspondant  a  I'execution  des  sous- 
etapes  de  calcul  normales  dans  la  trame,  de  telle 
facon  que  legalisation  d'une  donnee  de  signal 

particuliere  quelconque,  dans  le  canal  suspect, 
pour  une  etape  de  comparaison  ou  de  calcul  dans 
la  trame  presente,  ait  lieu  lors  de  sa  production 
ou  apres  cette  production  au  cours  d'une  trame 
precedents  dans  un  canal  fonctionnant  correcte- 
ment  et  avant  que  I'etape  de  comparaison  ou  de 
calcul  n'ait  lieu  dans  le  canal  suspect,  au  cours  de 
la  presente  trame. 

3.  Precede  suivant  I'une  quelconque  des  revendica- 
tions  1  ou  2  caracterise  en  ce  qu'il  comprend  en 
outre  I'etape  de  symetrisation  de  la  base  de  don- 
nees  de  signal  de  configuration  du  canal  suspect 
apres  legalisation  de  sa  donnee  de  signal  histo- 
rique. 

4.  Precede  suivant  I'une  quelconque  des  revendica- 
tions  1  ou  2  caracterise  en  ce  qu'il  comprend  en 
outre  les  etapes  consistant  a  fournir  un  signal 
d'ordre  d'egalisation  produit  exterieurement  et  a 
egaliser,  en  reponse  a  ce  signal  d'ordre,  les  don- 
nees  de  signal  historiques  du  canal  suspect  avec 
celles  d'un  canal  fonctionnant  correctement. 

5.  Appareil  destine  a  etre  utilise  dans  un  systeme  a 
canaux  redondants  comportant  des  canaux  syn- 
chrones  (26,28,30),  fonctionnant  d'une  maniere 
identique,  dans  lequel  chaque  canal  execute  des 
taches  de  calcul,  ce  systeme  comportant  des 
moyens  de  liaison  de  donnees  entre  canaux 
(52,52a,52b),  repondant  a  des  bases  de  donnees 
de  signal  de  configuration  residant  dans  chaque 
canal  lesquelles  contiennent  des  donnees  de  si- 
gnal  historiques,  repondant  a  des  donnees  de  si- 
gnal  d'entree  fournies  a  tous  les  canaux  dans  le 
systeme  et  repondant  a  des  donnees  de  signal  de 
sortie  produites  dans  tous  les  canaux  dans  le  sys- 
teme,  en  communiquant  la  totalite  des  donnees 
de  signal  entre  les  canaux,  cet  appareil  etant  pre- 
vu  pour  une  utilisation  dans  un  precede  pour  ten- 
ter  de  retablir  un  fonctionnement  identique  d'un 
canal  suspect  fournissant  presentement  des  don- 
nees  de  signal  de  sortie  non  identiques,  compre- 
nant  des  moyens  de  comparaison  (138,140)  pour 
comparer  des  bases  de  donnees  de  signal  de 
configuration  dans  chaque  canal  pour  produire 
une  base  de  donnees  de  configuration  votee 
(139)  qui  est  utilisee,  dans  chaque  canal,  pour 
executer  des  taches  de  calcul,  ces  moyens  de 
comparaison  identifiant,  comme  etant  suspect, 
un  canal  dans  lequel  une  non  concordance  (142) 
existe,  en  fournissant  un  signal  de  non  concor- 
dance  pour  ce  canal,  et  des  moyens  d'egalisation 
(143,250)  repondant  au  signal  de  non  concordan- 
ce  et  la  donnee  de  signal  historique  d'un  canal 
fonctionnant  correctement  qui  est  communiquee 
par  I'intermediaire  des  moyens  de  liaison  de  don- 
nees  entre  canaux  (54),  en  egalisant  la  donnee 
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de  signal  historique  du  canal  suspect  avec  celle 
d'un  canal  fonctionnant  correctement  dans  lequel 
les  moyens  d'egalisation  effectuent  cette  egali- 
sation  en  executant  une  serie  de  sous-etapes 
d'egalisation  d'une  maniere  hierarchique  et  chro-  5 
nologique  de  telle  facon  que  I'etape  d'egalisation 
d'une  donnee  de  signal  particuliere  dans  le  canal 
suspect,  pour  une  etape  presente  de  comparai- 
son  ou  de  calcul,  ait  lieu  lors  de  la  production  de 
la  donnee  de  signal  ou  apres  cette  production  10 
dans  un  canal  fonctionnant  correctement  etavant 
que  I'etape  presente  de  comparaison  ou  de  calcul 
n'ait  lieu  dans  le  canal  suspect. 

Appareil  suivant  la  revendication  5  caracterise  en  15 
ce  qu'il  comprend  en  outre  un  moyen  poursyme- 
triser  la  base  de  donnees  de  signal  de  configura- 
tion  du  canal  suspect  apres  I'egalisation  de  sa 
donnee  de  signal  historique. 

20 
Appareil  suivant  la  revendication  5  caracterise  en 
ce  que  le  moyen  repondant  aux  donnees  de  si- 
gnal  communiquees  entre  les  canaux  repond 
egalement  a  un  signal  d'ordre  d'egalisation  pro- 
duit  exterieurement  afin  d'egaliser  la  donnee  de  25 
signal  du  canal  suspect  avec  celle  d'un  canal 
fonctionnant  correctement. 
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