
UC Merced
Proceedings of the Annual Meeting of the Cognitive Science 
Society

Title
Multiple Character Recognition - A Simulation Model

Permalink
https://escholarship.org/uc/item/20c0x61k

Journal
Proceedings of the Annual Meeting of the Cognitive Science Society, 10(0)

Authors
Koebe, Sebastian
Deffner, Gerhard

Publication Date
1988
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/20c0x61k
https://escholarship.org
http://www.cdlib.org/


MULTIPLE CHARACTER RECOGNITION -  A  SIMULATIO N MODEL 

Sebastian Koebe & Gerhard Deffner^ 

University of Hamburg 

I n thi s articl e w e describ e a  mode l  whic h simulate s th e proces s 
of  huma n recognitio n o f  handwritte n characters .  Fo r  pragmati c 
reasons ,  ou r  firs t  attemp t  i s limite d t o th e subse t  o f  th e 1 0 
digits .  Wor k o n thi s proble m i s no t  new ,  however ,  an d th e mai n 
requirement s o f  successfu l  recognitio n ar e wel l  known :  a  mode l 
shoul d accoun t  fo r  th e huma n abilit y  t o recogniz e characters : 

(1) in all possible positions in a given display 
(2 )  i n a  displa y containin g multipl e object s (numbers ) 
(3 )  o f  differen t  size s 
(4 )  o f  varyin g shap e an d for m 
(5 )  i f  the y ar e distorte d (discontinuitie s o f  lines ) 
(6 )  i n an y orientatio n 
(7 )  i f  the y overla p 

Our model can cope with problem 1 through 4, and 5 to some ex-
tent .  I t  i s  a  hybri d syste m i n whic h th e us e o f  seria l  vs . 
paralle l  processe s i s contingen t  upo n assumption s base d o n em -
pirica l  data .  I n general ,  i t  ca n b e describe d a s a n earl y se -
lectio n system ,  recognizin g number s i n a  seria l  order ,  afte r 
paralle l  informatio n abou t  th e whol e visua l  fiel d i s utilize d 
earl y i n th e process .  Thi s typ e o f  capacit y limite d recognitio n 
model  firs t  use s positiona l  informatio n abou t  object s i n th e 
inpu t  a s th e basi s fo r  furthe r  objec t  selection ,  the n attentio n 
i s focuse d o n singl e item s t o perfor m th e computationall y 
expensiv e proces s o f  recognition . 

The main idea is that requirements 1-3 are dealt with by a pro-
ces s o f  selectin g an d standardizin g individua l  object s fro m th e 
display .  Recognitio n i s achieve d throug h a  PDP-network .  Thes e 
procedure s ar e calle d iterativel y unti l  al l  object s ar e 
recognized . 

The input to the system is a 400 x 200 pixel array produced 
wit h a  pain t  progra m tool .  Thi s matri x o f  binar y unit s stand s 

1 We wan t  t o than k th e Fulbrigh t  Commissio n fo r  providin g 
a gran t  t o th e firs t  autho r  t o spen d a  yea r  a t  th e Cognitiv e 
Scienc e Institut e a t  LaJoll a an d Davi d Rumelhar t  wh o wa s super -
viso r  durin g tha t  yea r  an d wh o provide d fo r  idea s an d 
encouragemen t  t o ente r  th e PDP-paradigm . 
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for the output of the foveal part of the retina covering the 
centr e o f  th e visua l  field .  Althoug h th e outpu t  fro m receptor s 
i n th e retin a i s frequency-modulate d wit h respec t  t o th e inten -
sit y o f  a  stimulu s (behavio r  ove r  t ime) ,  w e assum e a  stati c 
pattern .  Th e matri x o f  binar y unit s ca n b e though t  o f  a s a 
'snapshot '  o f  th e firin g patter n i n th e retin a containin g th e 
relevan t  informatio n fo r  th e proces s o f  patter n recognition . 
Anothe r  reaso n fo r  workin g wit h a  stati c arra y i s th e fac t  tha t 
onl y suc h informatio n fro m th e visua l  fiel d i s processe d seman -
ticall y whic h come s fro m th e period s o f  relativ e res t  o f  th e 
ey e durin g fixation s an d no t  fro m saccadi c eye-movements . 

The fact that the information processing capabilitity of the 
visua l  syste m i s differen t  fo r  syntacti c an d semanti c informa -
tio n (c.f .  Rayner ,  1975 )  ha s motivate d ou r  choic e o f  tw o me -
chanism s i n th e model .  Th e performanc e o f  th e firs t  i s  simila r 
t o th e recognitio n o f  syntacti c informatio n b y th e huma n visua l 
system .  I n th e sam e vei n tha t  feature s suc h a s wor d lengt h o r 
siz e o f  letter s ca n b e mad e ou t  a t  som e distanc e fro m th e fixa -
te d point ,  w e assum e tha t  object s ca n b e picke d ou t  fro m th e 
arra y w e use .  Afte r  thi s selection ,  anothe r  mechanis m take s 
ove r  -  tha t  o f  characte r  recognition . 

1.  Componen t  processe s o f  th e mode l 

1.1. Deriving a positional map 

The first step in analyzing a given binary array is to deter-
min e th e numbe r  o f  object s an d thei r  positio n i n th e input . 
Thi s i s don e b y a  fas t  paralle l  algorith m (assumin g paralle l 
hardwar e a s i n th e brain) ,  whic h compute s th e cente r  o f  gravit y 
fo r  eac h (potential )  objec t  i n th e display .  Conside r  tw o full y 
connecte d layer s o f  units ,  wit h th e firs t  laye r  bein g th e re -
tin a receptor s an d th e secon d laye r  bein g a  one-to-on e ma p o f 
th e firs t  laye r  wit h th e sam e numbe r  o f  units .  Ever y singl e re -
cepto r  i n th e firs t  layer ,  whic h ca n hav e onl y on e o f  tw o 
possibl e state s ('on '  o r  'of f ' ) ,  i s  connecte d t o ever y uni t  i n 
th e secon d laye r  (Figur e 1 ) .  When a  recepto r  i s activ e ('on '  i n 
th e binar y array) ,  i t  send s activatio n t o al l  o f  th e unit s i n 
th e secon d laye r  accordin g t o th e weight s o f  th e connections . 
The weigh t  betwee n a  uni t  i n th e firs t  laye r  an d al l  othe r 
unit s i n th e secon d laye r  i s se t  accordin g t o th e Gaussia n 
functio n o f  th e distanc e betwee n th e units .  Ever y uni t  i n th e 
secon d laye r  receive s weighte d inpu t  fro m al l  unit s i n th e 
firs t  layer .  Al l  incomin g activatio n i s summed ,  thu s yieldin g a 
tota l  activatio n valu e fo r  eac h uni t  i n th e secon d layer .  Thi s 
arra y o f  tota l  activatio n ca n b e illustrate d a s a  ma p o f  acti -
vatio n value s a s i n Figur e 2 .  Th e loca l  maxim a i n th e landscap e 
(th e hilltops )  represen t  th e center s o f  gravit y o f  object s i n 
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Figur e 1 :  Weighte d Connection s Figur e 2 :  Activatio n landscap e 

th e input ,  th e numbe r  o f  loca l  maxim a i s equa l  t o th e tota l 
number  o f  objects .  X -  an d Y-coordinate s o f  thes e provid e 
positiona l  informatio n fo r  th e nex t  steps .  B y mean s o f  a n 
attentiona l  mechanis m on e o f  thes e i s selecte d fo r  furthe r 
analysis ,  namel y thei r  recognition . 

1.2 .  Standardisatio n o f  selecte d object s 

Next, the object associated with the selected center of gravity 
has t o b e isolate d i n th e inpu t  array .  Give n th e positio n o f 
th e cente r  o f  gravit y fo r  a n object ,  al l  th e adjacen t  'on ' 
unit s surroundin g th e cente r  wil l  constitut e th e isolate d 
object .  Th e criterio n fo r  adjacenc y i n ou r  mode l  i s ver y 
strict .  Adjacenc y i s a t  firs t  define d a s a  distanc e o f  on e 
unit .  Thi s mean s tha t  onl y object s whic h ar e buil t  ou t  o f 
directl y adjacen t  activ e unit s ar e isolate d a s one .  Othe r 
adjacenc y criteri a ca n b e chose n t o allo w fo r  discontinuit y o f 
lines .  Informatio n abou t  th e heigh t  o f  loca l  maxim a ca n als o 
be use d t o adjus t  th e criterion .  A t  present ,  ou r  mode l  use s a 
stati c criterion ,  however . 

Once an object is isolated, its size can be determined as the 
maximu m numbe r  o f  pixel s horizontall y an d vertically .  Next ,  th e 
objec t  i s  mappe d ont o a  squar e matri x (se e Figur e 3a ) .  Th e re -
solutio n o f  thi s matri x i s the n reduce d t o yiel d a  standardise d 
10 b y 1 0 bi t  matri x (Figur e 3b ) .  Arrivin g a t  suc h a  fina l 
matrix ,  w e hav e satisfie d th e abov e requirement s concernin g 
positio n an d size . 

1.3 .  Characte r  recognitio n 

On an abstract level, this task can be described as that of de-
tectin g inter-characte r  variatio n i n th e fac e o f  intra-charac -
te r  variatio n (differen t  shape s o f  th e sam e digi ts) .  Thi s ca n 
be though t  o f  a s a  mappin g problem .  Al l  inpu t  matrice s 
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Figur e 3 :  Select io n a t  or ig ina l  (a )  an d reduce d reso lu t io n (3 ) 

conta in in g th e sam e d ig i t  (fo r  instanc e "5" )  shoul d b e mappe d 
ont o th e sam e ou tpu t .  Thus ,  ther e ar e 1 0 poss ib l e outpu t 
s ta tes .  Th e quest io n i s ,  wha t  th e representa t iona l  for m o f  th e 
outpu t  shoul d be .  O n th e on e extrem e woul d b e a  re la t ive l y 
dens e representa t io n us in g 1 0 un i t s ,  on e o f  whic h i s "on "  fo r 
eac h d ig i t  ("grandmothe r  c e l l s " ) ;  o n th e othe r  ext rem e woul d b e 
10 pat tern s o f  th e sam e siz e a s th e inpu t  (1 0 x  1 0 u n i t s ) ,  eac h 
of  whic h represent s a  pro to typ ica l  d ig i t .  Dens e d iscre t e in fo r -
mat io n i s wha t  w e requir e a s outpu t  fro m a  recogn i t io n 
mechanism .  A t  a n in termediat e leve l ,  however ,  th e 1 0 x  1 0 
representat io n i s mor e p laus ib le :  fo r  one ,  th e numbe r  o f 
possib l e outpu t  pat tern s i s kep t  large ,  thu s imposin g n o l imi t s 
on th e recogn i t io n capaci ty .  A lso ,  w e wan t  t o separat e a  f ina l 
decis io n phas e (Sternberg ,  1969 )  fro m th e ear l ie r  p roces s 
deal in g wi t h var ia t ion s o f  shap e tha t  resul t s i n d i f fe ren t ia l 
informat io n abou t  th e presenc e o f  var iou s feature s i n th e inpu t 
array .  I n thi s way ,  a  leve l  i s  prov ide d wher e featura l  (bottom -
up )  in format io n ca n b e combine d wi t h contextua l  in format io n 
prio r  t o th e f ina l  dec is io n abou t  th e ident i t y o f  th e s t imulu s 
(allowin g fo r  contextua l  ef fect s l ik e th e Stroo p phenomeno n o r 
contex t  enhancmen t  i n r e a d i n g ) .  Th i s d is t inc t  leve l  i s  a 
prerequis i t e o f  mor e comprehens iv e model s o f  huma n recogn i t io n 
as i t  i s  foun d fo r  exampl e i n Rumelhar t  an d McCle l land ' s 
Interact iv e Ac t iva t io n Mode l  o f  Contex t  Ef fect s i n Let te r 
Percept io n (1981) . 

Traditionally, shape variance has been dealt with through 
mechanism s o f  featur e analys i s (Selfr idg e &  Ne isser ,  1 9 6 0 ) .  A 
majo r  proble m ha s bee n tha t  a  comprehens iv e se t  o f  feature s 
must  b e def ine d b y th e des igne r  o f  th e syste m fo r  eac h 
characte r  se t  t o b e recogn ized .  A s a  mor e f lex ib l e a l te rna t i ve , 
connect ionis t  network s ca n b e use d whic h ' learn '  feature s fro m 
mater ia l  presente d t o the m an d the n genera l iz e t o ne w input . 
Afte r  suf f ic ien t  learn ing ,  th e knowledg e abou t  re levan t 

569 



KOEBE &  DEFFNER 

features is embedded in the hidden layer of such networks and 
ca n b e utilize d i n mappin g th e inpu t  matri x ont o th e 1 0 x  1 0 
matri x o f  th e intermediat e level . 

The connectionist network we use has three layers and employs 
backpropagatio n a s th e learnin g procedur e (Rumelhart ,  Hinto n & 
Wil l iams ,  1986) .  I t  consist s o f  10 0 inpu t  units ,  5 0 hidde n 
unit s an d 10 0 outpu t  unit s wit h n o direc t  connection s fro m 
inpu t  t o output .  Durin g learning ,  inpu t  pattern s i n th e for m o f 
100-elemen t  vector s (representin g th e 1 0 x  1 0 matrix )  ar e 
mapped ont o correspondin g prototypica l  targe t  vector s (standin g 
fo r  th e te n prototypica l  d ig i ts) .  Sinc e i t  i s  no t  practica l  t o 
map al l  possibl e permutation s (  210 0 =  1.267650 6 *  lO^ "  )  o f 
th e inpu t  vecto r  spac e o n t o th e 1 0 targe t  vectors ,  w e too k a 
sampl e o f  th e inpu t  vecto r  space ,  b y askin g 2 0 subject s t o 
writ e digit s o n a  compute r  screen .  Th e sam e standardisatio n 
procedur e a s describe d earlie r  wa s use d t o transfor m thei r 
handwritte n digit s int o th e 1 0 b y 1 0 standar d form .  I n orde r  t o 
enlarg e sampl e variability ,  whit e nois e wa s adde d t o th e inpu t 
vectors .  A  tota l  o f  100 0 inpu t  vector s wa s use d fo r  learning . 

After learning, the network can now be used to produce 100-
elemen t  outpu t  vector s fo r  an y ne w inpu t  vector .  Th e element s 
of  th e outpu t  vecto r  ca n assum e continou s value s betwee n 0. 0 
and 1.0 ,  thu s reflectin g th e degre e t o whic h certai n feature s 
ar e containe d i n th e inpu t  material . 

The decision which completes recognition is accomplished by 
relatin g thi s vecto r  o f  continou s value s t o th e 1 0 prototypica l 
binar y vectors .  Similaritie s betwee n continou s an d prototypica l 
vector s ar e compute d an d th e nam e o f  tha t  protoyp e i s use d a s a 
labe l  fo r  th e ite m t o b e recognized ,  fo r  whic h similarit y i s 
greates t  an d abov e a  prese t  threshold .  I f  al l  similaritie s ar e 
belo w threshold ,  a  decisio n o f  "n o know n character "  i s  made . 
Thes e label s provid e th e desire d discret e outpu t  states . 

2. Putting it all together 

The interaction of the various mechanisms is illustrated in 
Figur e 4 .  Th e 40 0 x  20 0 inpu t  bi t  matri x (1 )  i s mad e availabl e 
as a  positiona l  ma p (2 )  also .  Th e mai n contro l  structur e i s 
tha t  o f  a  loo p i n whic h Attentio n select s on e positio n a t  a 
tim e an d feed s coordinate s (3 )  t o Objec t  Standardisation . 
Objec t  Standardisatio n isolate s th e correspondin g objec t  fro m 
th e inpu t  matri x an d transform s i- t  t o th e standar d 1 0 x  1 0 
matri x (4) .  Th e matri x i s the n fe d t o Characte r  Recognitio n 
whic h output s discret e characters .  Thi s i s repeate d (th e digi t 
"5 "  i s  use d a s a n exampl e o f  th e firs t  cycle )  unti l  th e 
positiona l  ma p i s exhausted . 
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Figur e 4 :  In teract io n o f  th e component s an d f lo w o f  contro l 

3.  D iscuss io n 

The main characteristics of the process of character 
recogni t io n use d i n ou r  mode l  a re :  F i rs t ,  th e l imi ta t io n o f 
recogni t io n capaci t y avai lab l e a t  a  t im e (ther e ar e onl y 10 0 
inpu t  uni t s t o th e P D P - n e t w o r k ) .  Thi s l im i ta t ion ,  imposin g th e 
requiremen t  o f  a n at tent iona l  mechanis m fo r  focuss in g o n 
par t icu la r  area s i n th e input ,  appear s just i f ie d whe n w e 
conside r  th e enormou s siz e o f  th e in i t ia l  inpu t  vecto r  spac e o f 
th e 40 0 X  20 0 p ixe l  mat r i x .  Mapping s fro m a  spac e o f  2^«oo « 
inpu t  vector s see m ou t  o f  th e ques t ion .  Du e t o th e se lect io n o f 
singl e i tem s an d subsequen t  reduct io n i n reso lu t ion ,  th e numbe r 
of  inpu t  uni t s necessar y fo r  recogn i t io n ca n b e reduce d 
dramat ica l ly .  Th e dec is io n i n favou r  o f  thi s prac t ica l l y 
inspire d approac h take s int o accoun t  th e t rade-of f  be twee n 
paral le l  p rocess in g capaci t y an d t im e (fas t  para l le l  v s .  s lo w 
seria l  r e c o g n i t i o n ) . 

Second ,  w e asssum e automat i c 
format io n fo r  th e proces s o f 
visua l  f ie ld .  Thi s i s th e b a 
onl y compute s a  posi t iona l  m 
sugges t  tha t  th e huma n visu a 
lik e fo r  instanc e colou r  an d 
I n a n e laborat e system ,  a n a 
no t  detai l )  woul d hav e t o i n 
mat io n i n orde r  t o contro l  t 

para l le l  p rocesse s prov id in g in -
select in g character s fro m th e 

si s fo r  ear l y se lec t ion .  Ou r  mode l 
ap o f  ob jec ts ,  bu t  empir ica l  dat a 
1 syste m als o prov ide s in format io n 

textur e map s o f  th e pr imar y input , 
t tent iona l  mechanis m (whic h w e di d 
tegrat e al l  suc h source s o f  in for -
he select io n o f  i tem s i n th e inpu t 
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Third, in this model variance in the input is reduced stepwise. 
Befor e a  featura l  analysi s o f  character s i s performed ,  positio n 
and siz e variation s ar e eliminated .  Wit h regar d t o th e recog -
nitio n problem s 6  an d 7  (overla p an d rotatio n o f  characters ) 
th e presente d approac h doe s no t  sugges t  obviou s solutions . 

In principle, the model can be extended to cover larger charac-
te r  sets .  We woul d hav e t o trai n th e PDP-networ k o n example s o f 
ne w character s i n orde r  t o generaliz e t o th e relevan t 
structures ^  .  I t  i s  interestin g t o not e tha t  th e syste m learn s 
throug h positiv e example s only .  Informatio n fro m th e vas t  spac e 
of  vector s no t  representin g character s woul d no t  allo w fo r  a 
detectio n o f  regularities .  Th e variatio n resultin g fro m rando m 
samplin g o f  thi s spac e i s hug e an d unsystemati c i n relatio n t o 
th e varianc e o f  th e extremel y smal l  percentag e o f  vector s whic h 
do represen t  character . 
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