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Description 

The  present  invention  relates  to  a  digital  filter, 
and  more  particularly  to  a  digital  filter  such  as  a  trans- 
versal  filter,  which  is  comprised  of  digital  filter  mod- 
ules  and  provided  with  a  function  to  detect  the  occur- 
rence  of  anomalies  such  as  overflow  (  a  state  in  which 
excessively  large  or  small  absolute  values  exceeding 
an  allowable  limit  are  produced  during  arithmetic  op- 
erations  ). 

Description  of  the  prior  art 

A  transversal  filter,  also  referred  to  as  a  tapped 
delay  line  filter,  provides  an  output  signal  derived  by 
multiplying  preceding  input  sample  values  obtained 
via  delay  elements  by  a  filter  coefficient  and  adding 
the  signals  obtained  from  each  delay  element.  If  Ai  is 
the  filter  coefficient,  X  the  input  signal  (sample  value) 
series,  Y  the  output  signal  series  and  the  number  of 
delay  taps,  this  can  be  expressed  mathematically  by 

Y(n)  =H»  Aj  Xdi- i)  
i*o 

Figures  5  (A)  and  (B)  show  examples  of  the  hard- 
ware  configuration  of  transversal  filters.  In  the  draw- 
ings,  reference  numeral  1  denotes  a  delay  element 
(R),  2  a  multiplier  and  3  an  adder.  A  delay  element  1, 
multiplier  2  and  adder  3  constitute  one  tap. 

Figure  5  (A)  shows  a  transposed-type  transver- 
sal  filter  and  Figure  5  (B)  a  direct-type  transversal  fil- 
ter.  These  filters  multiply  each  of  the  signals  input  dur- 
ing  a  preceding  sampling  time  by  a  predetermined  fil- 
ter  coefficient  and  then  add  the  signals  to  produce  an 
output  signal  at  a  current  time.  The  delay  element  1 
is  constituted  as  an  edge  trigger  shift  register  and  the 
multiplier  2  is  constituted  as  a  memory  register  in 
which  the  filter  coefficient  is  stored.  In  some  arrange- 
ments  a  suitable  pipeline  register  is  provided  between 
adders. 

Some  transversal  filters  use  a  sum-of-products 
computer  such  as  the  one  shown  in  Figure  6  denoted 
by  the  reference  numeral  4.  These  are  differentiated 
from  the  filters  illustrated  in  Figure  5  by  whether  the 
Xo  of  the  data  input  to  the  filter  can  be  derived  bit  by 
bit,  or  only  the  initial  data  of  a  data  block. 

In  either  embodiment,  the  output  signal  in  the  di- 
rect-type  transversal  filter  can  be  expressed  by 

Y(n)  =  Ao-Xn  +  A,Xn.  ,  +  +  A-  :Xn.  I  +  I 
and  in  the  transposed-type  transversal  filter  by 
Y(n)  =  (Ao-Xn  +  (AXn.  ,  +  (....+  (A  -  iXn.  ,  +  ,)))....))) 

In  a  digital  filter  the  filtering  is  effected  by  digital 
processing.  As  this  offers  a  high  degree  of  precision 
and  is  suited  to  adaptive  control  and  the  like,  digital 
filtering  is  used  in  many  fields.  Moreover,  the  recent 

advances  in  LSI  technology  enable  such  filters  to  be 
fabricated  as  single  modules  or  as  a  combination  of 
multiple  modules  which  are  compact  and  highly  reli- 
able. 

5  As  an  example  of  adaptive  control,  an  unknown 
system  can  be  modeled  by  generating  an  error  signal 
between  a  signal  from  the  transversal  filter  and  a  sig- 
nal  from  a  target  system  and  automatically  adjusting 
the  filter  coefficients  in  accordance  with  this  error  sig- 

10  nal  (see  pages  6  and  7  of  "Introduction  to  Adaptive  Fil- 
tering"  published  by  Gendai  Kogakusha  10  Septem- 
ber  1987). 

Transversal  filters  are  also  used  in  ghost  cancel- 
ers.  Ghosting  is  usually  caused  by  a  phenomenon 

15  that  a  television  signal  reflected  by  obstacles  such  as 
tall  buildings  and  mountains  is  superimposed  on  a 
signal  received  directly,  i.e.,  without  being  reflected 
by  any  such  obstacle.  That  is,  a  ghost  signal  is  pro- 
duced  by  the  propagation  of  the  original  transmission 

20  signal  along  various  paths,  causing  a  kind  of  modula- 
tion  of  the  transmission  time,  amplitude  and  phase  of 
the  input  signal.  A  ghost  canceler  cancels  ghost  sig- 
nals  by  passing  the  input  signal  through  a  transversal 
filter  in  which  the  filter  coefficient  can  be  varied. 

25  A  method  for  inserting  a  ghost-cancelling  refer- 
ence  signal  in  the  broadcast  signal  to  control  ghost 
cancelers  is  described  in  an  article  entitled  "Inserting 
a  ghost-canceler-control  reference  signal  in  the  tele- 
vision  broadcast  signal'  published  in  issue  number 

30  432  of  Nikkei  Electronics,  9  September  1987,  page 
220. 

The  principle  involved  is  illustrated  in  Figure  7.  An 
input  signal  f(t)  is  input  directly  into  an  adder  11,  and 
is  also  input  into  a  one-dimensional  transversal  filter 

35  10  whose  output  signal  is  added  to  the  original  input 
signal  by  the  adder  11.  The  output  of  the  adder  11  is 
fed  into  a  filter  coefficient  controller  12,  which  re- 
ceives  a  reference  signal  Ref.  To  cancel  the  ghost  sig- 
nals  described  above,  the  filter  coefficients  of  the 

40  transversal  filter  10  are  adjusted  so  that  the  output 
signal  derived  from  the  adder  11  within  a  period  of  in- 
sertion  of  the  ghost-cancelling  reference  signal  into 
the  input  signal  f(t)  may  coincide  with  the  reference 
signal  Ref. 

45  Ghost  signals  will  be  dependent  on  the  various 
physical  conditions  of  the  signal  propagation  path  on 
the  transmission  and  receiving  sides.  Such  condi- 
tions  include  the  presence  of  structures,  vibration, 
the  angles  concerned,  reflection  of  the  waves,  vibra- 

50  tion  of  the  transmitting  and/or  receiving  antennas, 
wind  direction  and  wind  speed,  temperature,  humidity 
and  other  three-dimensional  physical  conditions. 
Therefore,  to  prevent  the  appearance  of  ghost  sig- 
nals,  it  is  required  to  use  an  adaptive  control  to 

55  change  the  coefficients  of  the  transversal  filter  10 
from  moment  to  moment. 

US  4,507,725  discloses  a  digital  filter  overflow 
sensor  including  alternately  connected  adder  circuits 
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and  delay  stages  In  a  serial  chain.  Each  adder  circuit 
is  coupled  with  a  counter  circuit  to  respond  to  sum 
overflows.  The  overflow  count  corresponding  to  each 
signal  sample  is  translated  to  successive  counter. 
The  last  counter  circuit  contains  the  net  number  of 
overflows  corresponding  to  the  output  sum. 

Task  to  be  solved  by  the  Invention 

Such  a  transversal  filter  is  usually  realized  as  a 
single  LSI  chip,  or  as  a  plurality  of  the  same  type  of 
LSI  chips  with  a  plurality  of  taps  provided  in  the  LSI 
chips.  Overflow  can  occur  unless  the  transversal  fil- 
ter  is  arranged  in  such  a  manner  that  the  adder  near- 
est  the  output  side  has  a  higher  number  of  bits.  How- 
ever,  as  in  an  ordinary  transversal  filter  the  bit  width 
and  bit  range  of  the  adder  of  each  tap  is  fixed,  there 
would  occur  an  overflow  at  each  tap  of  the  transver- 
sal  filter.  The  occurrence  of  overflow  or  other  such 
anomalies  can  lead  to  generation  of  an  inaccurate 
output  signal  at  the  tap  concerned,  thus  making  the 
predetermined  filter  characteristics  unobtainable. 
Overflow  therefore  gives  rise  to  the  problem  of  how  it 
should  be  communicated  to  the  system,  and  how  the 
system  should  respond. 

As  conventional  transversal  filters  lack  means  for 
dealing  with  such  anomalies,  the  occurrence  of  such 
anomalies  has  either  rendered  the  predetermined 
characteristics  unobtainable  or  has  caused  the  entire 
system  to  malfunction. 

The  object  of  the  present  invention  is  to  solve  the 
above  problems  by  providing  an  anomaly  detector  in 
a  digital  filter  that  enables  overflow  and  other  anoma- 
lies  to  be  detected  promptly  in  order  to  take  corre- 
sponding  measures. 

Means  for  solving  the  task 

To  solve  the  above  problems,  the  present  inven- 
tion  uses  a  digital  filter  according  to  claim  1.  A  prefer- 
red  embodiment  is  characterized  in  claim  2. 

Operation 

In  a  digital  filter  comprised  of  a  plurality  of  digital 
filter  modules  according  to  the  invention,  an  anoma- 
lous  signal  produced  in  one  of  the  digital  filter  mod- 
ules  is  derived  and  logic-processed  in  a  digital  filter 
module  in  the  next  stage  in  combination  with  an 
anomalous  signal  produced  therein  for  detection  of 
anomalies  in  the  digital  filter.  This  arrangement  en- 
ables  the  anomaly  in  the  whole  digital  filter  to  be  de- 
tected  promptly  with  the  reduced  and  simplified  ele- 
ments  and  wirings. 

Description  of  the  Embodiments 

Details  of  the  present  invention  will  now  be  de- 

scribed  with  reference  to  the  embodiments  illustrated 
in  the  drawings. 

Brief  description  of  the  drawings 
5 

Figures  1  is  a  block  diagram  showing  a  circuit  ar- 
rangement  for  detecting  anomalies  in  one  of  transver- 
sal  filter  modules  according  to  the  invention;  Figure  2 
is  a  block  diagram  showing  a  transversal  filter  com- 

10  prised  ofa  plurality  of  modules  according  to  the  inven- 
tion;  Figures  3  and  4  are  circuit  diagrams  each  show- 
ing  an  embodiment  for  detecting  anomalies  synchro- 
nously;  Figures  5  (A)  and  (B)  and  Figure  6  are  circuit 
diagrams  of  conventional  transversal  filter  arrange- 

rs  ments;  and  Figure  7  is  a  block  diagram  of  a  ghost  can- 
celed 

Figure  1  shows  an  arrangement  in  which  the  in- 
vention  is  applied  to  a  transversal  filter  comprised  of 
a  plurality  of  modules.  A  transversal  filter  module  20 

20  includes  a  plurality  of  taps  21  each  of  which  compris- 
es  a  delay  element  1,  a  multiplier  2  and  an  adder  3, 
as  shown  in  Figure  5.  When  overflow  occurs  in  the 
adder  3,  an  overflow  output  having  an  H-level  is  pro- 
duced  at  an  output  signal  line  22.  The  output  signals 

25  from  each  of  the  taps  21  in  the  module  20  are  fed  to 
an  OR  gate  23  which  serves  to  do  the  logical  sum 
processing.  The  OR  gate  23  further  receives  another 
logical  sum  signal  23a  from  the  preceding  module  20. 
The  logical  sum  of  these  signals  correspond  to  an  out- 

30  put  signal  from  the  OR  gate  23. 
As  is  more  clearly  seen  from  Figure  2,  the  logical 

sum  signal  from  the  one  module  20  forms  an  input  sig- 
nal  to  the  module  in  the  next  stage.  That  is,  the  logical 
sum  from  the  overflow  outputs  in  the  taps  21  in  the 

35  module  is  logically  combined  with  an  anomalous  sig- 
nal  from  the  outside  of  the  module,  i.e.  from  the  pre- 
ceding  module  to  derive  therefrom  an  output  signal. 
When  the  overflow  output  from  the  module  takes  an 
H-level,  it  is  combined  with  an  overflow  input  to  the 

40  next  module.  The  H-level  output  in  the  module  in  the 
final  stage  indicates  that  at  least  one  of  the  modules 
in  the  transversal  filter  produced  an  anomalous  sig- 
nal. 

This  means  that  the  production  of  any  overflow 
45  output  represents  the  occurrence  of  overflow  not  only 

in  the  module  concerned,  but  also  in  the  preceding 
module.  In  this  arrangement,  the  overflow  outputs 
are  not  logically  processed  outside  the  module,  but 
within  the  module  and  the  output  signal  is  sequentially 

so  transferred  to  the  following  module  in  a  cascaded 
manner.  This  enables  the  reduction  in  wiring  and  also 
the  reduction  in  surface  area  for  the  wiring.  This  ar- 
rangement  is  very  preferable  from  the  point  of  view  of 
wiring  on  a  printed  circuit  board  in  case  where  the 

55  overflow  output  in  the  preceding  module  is  disposed 
closely  to  the  input  to  the  following  module.  To  identify 
which  module  an  overflow  came  from,  an  arrange- 
ment  as  shown  in  Figure  2  is  used  in  which  overflow 

3 



5 EP  0  384  447  B1 6 

outputs  from  the  taps  are  input  to  an  overflow  analy- 
sis  logic  circuit  28. 

The  embodiment  as  shown  in  Figure  2  is  of  an 
asynchronous  type.  This  makes  the  circuit  arrange- 
ment  simple,  but  the  circuit  is  disadvantageously  af- 
fected  by  factors  such  as  temperature,  supply  vol- 
tage,  process  fluctuation  or  the  like  when  the  semi- 
conductors  increase  in  number  because  the  signal 
passes  through  the  semiconductor. 

To  solve  this  problem,  a  detector  of  a  synchron- 
ous  type  is  proposed  as  shown  in  Figures  3  and  4.  As 
shown  in  Figure  3,  an  overflow  output  from  the  pre- 
ceding  module  is  not  directly  supplied  to  the  OR  gate 
23,  but  to  a  D-f  lip-flop  31  in  a  transversal  filter  module 
30,  once  stored  therein  and  then  read  out  in  synchron- 
ism  with  a  clock  to  derive  therefrom  the  logical  sum 
of  the  overflows. 

A  plurality  of  such  transversal  filter  modules  30 
are  connected  in  a  manner  as  shown  in  Figure  2.  This 
arrangement  enables  the  circuit  to  be  stabilized  by 
clock-synchronization,  so  that  it  is  less  affected  by 
factors  such  as  the  temperature,  supply  voltage,  or 
process  fluctuation,  although  the  signal  passes 
through  the  semiconductor.  Therefore,  it  never  hap- 
pens  that  it  becomes  impossible  to  identify  which 
module  produced  the  overflow. 

A  storage  by  means  of  the  D-flip-flop  can  be 
made  by  an  arrangement  as  shown  in  Figure  3  in 
which  the  overflow  output  is  directly  fed  to  the  flip- 
flop  in  the  transversal  filter  module  for  logical  sum 
with  the  other  overflows  arising  in  the  module,  or  by 
an  arrangement  as  shown  in  Figure  4  in  which  all  the 
overflow  outputs  in  the  same  module  are  supplied  to 
the  OR  gate  23  for  logical  sum  with  its  output  stored 
in  a  memory  such  as  a  D-flip-flop. 

While  the  anomaly  described  in  the  foregoing  em- 
bodiments  is  overflow  arising  in  a  transversal  filter, 
the  invention  is  not  limited  to  the  detection  of  over- 
flow.  Instead,  the  same  arrangements  can  be  used  to 
detect  other  anomalies,  such  as  anomalies  arising  in 
the  multiplier,  for  example. 

The  present  invention  is  not  limited  to  a  transver- 
sal  filter  but  may  be  applied  to  other  digital  filters. 

The  transversal  filter  modules  in  the  embodi- 
ments  described  above  can  be  realized  as  integrated 
circuit  chips,  as  discrete  circuits,  or  as  hybrid  circuits 
that  combine  both  types. 

Effect  of  the  invention 

As  has  been  described  in  the  foregoing,  the  pres- 
ent  invention  uses  an  arrangement  in  a  digital  filter 
comprised  of  a  plurality  of  digital  filter  modules, 
wherein  an  anomalous  signal  produced  in  one  of  the 
digital  filter  modules  is  derived  and  logic-processed  in 
a  digital  filter  module  in  the  next  stage  in  combination 
with  an  anomalous  signal  produced  therein  for  detec- 
tion  of  anomalies  in  the  digital  filter.  This  arrangement 

enables  the  anomaly  in  the  whole  digital  filter  to  be 
detected  promptly  with  the  reduced  and  simplified 
elements  and  wirings,  also  enabling  countermea- 
sures  to  be  taken  for  compensation  forthe  occurrence 

5  of  the  anomalies. 

Claims 

10  1.  Adigitalfiltersystem  comprising  a  series  of  trans- 
versal  filter  modules  (20) 
characterized  by 
means  (23)  which  receives  input  signals  indica- 
tive  for  anomalies  in  said  module  and  a  signal 

15  (23a)  indicative  for  anomalies  in  preceding  mod- 
ules  of  the  series  to  produce  on  its  output  a  signal 
(23b)  indicating  anomalies  received  at  its  input, 
whereby  the  output  signal  of  the  means  (23)  of 
the  last  module  in  the  series  indicates  anomalies 

20  occuring  in  the  entire  filter  system. 

2.  A  digital  filter  according  to  claim  1  wherein  said 
digital  filter  system  further  comprises  means  (28) 
for  identifying  which  module(s)  (20)  produce(s) 

25  an  anomaly. 

Patentanspruche 

30  1.  Digitalfiltersystem  umfassend  eine  Reihe  von 
Transversalfiltermodulen  (20),  gekennzeichnet 
durch,  eine  Einrichtung  (23),  welche  Eingangssi- 
gnale,  die  Anomalien  in  dem  Modul  anzeigen,  und 
ein  Signal  (23a),  welches  Anomalien  in  dem  vor- 

35  angegangenen  Modul  in  der  Reihe  anzeigt,  emp- 
fangt,  urn  an  ihrem  Ausgang  ein  Signal  (23b)  zu 
erzeugen,  welches  Anomalien  anzeigt,  die  an  ih- 
rem  Eingang  empfangen  werden,  wodurch  das 
Ausgangssignal  der  Einrichtung  (23)  des  letzten 

40  Moduls  in  der  Reihe  Anomalien  anzeigt,  die  in 
dem  gesamten  Filtersystem  auftreten. 

2.  Digitales  Filter  gemali  Anspruch  1  ,  worin  das  Di- 
gitalfiltersystem  weiterhin  eine  Einrichtung  (28) 

45  zum  Identifizieren  des/der  Module(s)  (20)  um- 
falit,  das/die  eine  Anomalie  produziert/en. 

Revendications 
50 

1.  Systeme  de  filtrage  numerique  comprenant  une 
serie  de  modules  de  filtrage  transversaux  (20), 

caracterise  par: 
un  moyen  (23)  qui  recoit  des  signaux  d'en- 

55  tree  indicatifs  d'anomalies  apparaissant  dans  le- 
dit  module  et  un  signal  (23a)  indicatif  d'anomalies 
des  modules  precedents  de  la  serie,  af  in  de  pro- 
duire,  a  sa  sortie,  un  signal  (23b)  qui  indique  les 

4 
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anomalies  recues  a  son  entree,  de  sorte  que  le 
signal  de  sortie  du  moyen  (23)  du  dernier  module 
de  la  serie  indique  les  anomalies  apparaissant 
dans  le  systeme  de  filtrage  tout  entier. 

5 
2.  Systeme  de  filtrage  numerique  selon  la  revendi- 

cation  1,  ou  ledit  systeme  de  filtrage  numerique 
comprend  en  outre  un  moyen  (28)  permettant 
d'identif  ier  le  ou  les  modules  (20)  qui  produisent 
une  anomalie.  10 
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FIG.  1 
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Fig.  4 
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Fig.  5 
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Fig.  6 
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