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Abstrac t 

We develop a model of scan path generation based on the 
outpu t  o f  lo w leve l  filters.  Th e highes t  varianc e o f  Gabo r 
je t  filters  compute d ove r  orientation s ar e use d a s th e objec t 
of  attention .  Thes e point s ar e hel d i n a  featur e ma p whic h i s 
inhibite d a s attentio n point s ar e visited ,  creatin g a  ne w attentio n 
poin t  elsewhere .  Sca n path s generate d thi s wa y ca n b e use d 
fo r  recognitio n purpose s wher e "single-shot "  methods ,  suc h a s 
PCA,  woul d fai l  becaus e th e imag e i s no t  registered . 

Introduction 

In previous work, we have used a parallel processing ap-
proac h t o th e proble m o f  fac e recognitio n (Cottrel l  &  Met -
calfe ,  1990) .  I n tha t  work ,  th e networ k wa s presente d wit h 
th e entir e face ,  an d (afte r  learning )  wa s abl e t o recogniz e in -
dividual s holisticall y i n a  one-sho t  operation .  However ,  ther e 
i s ampl e evidenc e tha t  whe n peopl e ar e memorizin g a  face , 
the y us e a  sequentia l  samplin g process ,  durin g whic h severa l 
point s o n th e imag e ar e fixated,  ofte n repetitively .  Th e se -
quenc e o f  point s i s calle d a  sca n path ,  an d i s ofte n repeate d 
durin g recognitio n (Noto n &  Starks ,  1971 ;  Noton ,  1971) . 

I n thi s paper ,  w e describ e a  syste m tha t  use s a n easil y com -
putabl e functio n o f  low-leve l  feature s t o decid e whic h point s 
on a  fac e ar e "interesting" .  T h e basi c ide a i s t o comput e a 
set  o f  feature s (Gabo r  filters)  i n paralle l  acros s th e image ,  an d 
the n selec t  thos e point s fo r  inspectio n wit h th e highes t  vari -
anc e i n th e filter  output s acros s orientations .  B y sequentiall y 
selectin g thes e points ,  followe d b y inhibitio n o f  the m i n a 
neurall y plausibl e way ,  w e ar e abl e t o qualitativel y simulat e 
human sca n paths . 

Ther e i s a  majo r  computationa l  advantag e t o thi s kin d o f 
approach .  I f  w e ca n determin e thes e fixation  point s i n par -
alle l  fro m low-leve l  features ,  an d the n memoriz e th e vector s 
betwee n them ,  w e ca n the n us e thi s store d informatio n t o 
recogniz e a  ne w instanc e o f  th e person' s fac e withou t  majo r 
worrie s abou t  translatio n invariance .  Indeed ,  ou r  algorith m 
work s fo r  member s o f  ou r  fac e dat a se t  tha t  wer e throw n ou t 
i n th e origina l  neura l  ne t  experiment s becaus e th e subject s 
(colleg e sophomores )  coul d no t  hol d stil l  i n th e frame . 

I n wha t  follows ,  w e presen t  ou r  ver y primitiv e mode l  o f 
sca n pat h generation ,  base d onl y o n low-leve l  feature s o f  th e 
image ,  followe d b y it s us e a s a  recognitio n system .  W e shoul d 
emphasiz e a t  th e outse t  tha t  thi s  i s /lo r  a  neura l  ne t  system ,  bu t 
we ar e workin g toward s makin g i t  one . 

'Correspondin g autho r 

Figur e 1 :  Example s o f  sca n path s fro m D .  Noton[1970] .  Se e 
tex t  fo r  explanation . 

At tent io n a n d s c a n p a t h 

We first  presen t  a  necessaril y  truncate d descriptio n o f  dat a 
concernin g sca n path s i n humans .  Noto n (1971 )  ha s reporte d 
tha t  durin g memorizatio n o f  a n object ,  abou t  2 0 % o f  th e ey e 
movement s ar e withi n th e sam e path ,  caWe d th e sca n path .  Th e 
sca n pat h tha t  appear s i n th e objec t  memor y phas e i s repeate d 
abou t  2/ 3 o f  th e tim e whe n th e sam e objec t  i s recognized . 

A typica l  sca n pat h comprise s te n ey e fixation  point s (Noto n 
& Starks ,  1971) .  S o m e example s ar e i n Figur e 1 .  Figur e 1(a ) 
i s  a n objec t  drawin g use d i n th e experiment s (Noto n &  Starks , 
1971) .  Sca n path s appea r  whe n a  subjec t  i s  memorizin g th e 
drawin g (Figur e l(b ,  c)) .  Simila r  sca n path s appea r  whil e th e 
subjec t  i s identifyin g th e drawin g (Figur e 1  (d ,  e)) .  Figur e 1(f ) 
shows a n idea l  sca n pat h generate d base d o n th e previou s 
results . 
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Selectiv e attentio n 

Scan path s ar e ultimatel y a  functio n o f  selectiv e attention . 
M a ny model s fo r  selectiv e attentio n hav e bee n proposed .  Fo r 
example ,  Broadbent' s mode l  i s a n earl y selectio n model .  At -
tentio n filters  informatio n a t  th e sensor y level .  I n thi s model , 
th e capacit y o f  channe l  fro m th e sensor y leve l  t o th e percep -
tua l  leve l  i s  strictl y limited . 

Lat e selectio n model s hav e bee n propose d b y Blum(1961) , 
Deutc h an d Deutch(1963) ,  an d Norman(1968) .  I n thes e mod -
els ,  almos t  al l  sensor y dat a ar e transmitte d t o highe r  level s an d 
ar e processe d a t  th e conceptua l  level .  Afte r  th e processing ,  a n 
attentiona l  controlle r  decide s wha t  shoul d b e recycle d t o th e 
conceptua l  level .  Th e "cognitiv e unit "  tha t  ha s th e m a x i m u m 
outpu t  valu e i s selecte d an d attended . 

I n th e forme r  model ,  informatio n capture d b y a  senso r  i s 
filtered  i n th e sensor y level .  Hence ,  limite d sensor y infor -
matio n i s transmitte d throug h a  sensor y filter  t o b e perceive d 
and th e othe r  informatio n i s filtered  off .  O n th e othe r  hand , 
i n th e latte r  model ,  al l  sensor y informatio n i s transmitte d t o 
highe r  processin g level s bu t  onl y a  portio n o f  thi s reache s 
consciousness . 

Thes e ar e tw o extremes ,  an d ther e ar e empirica l  result s 
whic h ar e inconsisten t  wit h bot h o f  them .  I n orde r  t o resolv e 
thes e inconsistencies ,  Treisma n (1969 ;  1985 )  ha s propose d a 
model  i n whic h al l  informatio n capture d a t  th e sensor y leve l  i s 
transmitte d t o highe r  level .  A t  eac h level ,  th e intensit y o f  som e 
informatio n signa l  i s  facilitate d an d th e othe r  i s inhibited . 
Selectiv e attentio n i s graduall y carrie d ou t  a t  th e highe r  leve l 
of  processing . 

Whil e Triesman' s mode l  ha s change d ove r  th e year s i n 
respons e t o ne w data ,  i t  i s  illustrativ e o f  th e approac h take n 
i n ou r  model .  Ou r  mode l  ma y b e though t  o f  a s on e leve l 
i n th e hierarch y o f  selectiv e attention .  Thus ,  ey e movemen t 
and associate d sca n path s ar e presume d t o b e phenomen a o f 
selectiv e attentio n i n th e visua l  system .  M a n y model s fo r  ey e 
movement  hav e bee n propose d fo r  us e i n visua l  recognitio n 
(Koc h &  Ullman ,  1985 ;  Pha f  e t  al. ,  1990 ;  Rime y &  Brown , 
1990 ;  Ullman ,  1984 ;  Whitehea d &  Ballard ,  1992 ;  Wolfe , 
1994) . 

R ime y &  B r o w n (1990 )  us e a  hidde n Marko v mode l  t o stor e 
a pat h o f  ey e movement s an d t o reproduc e th e ey e movemen t 
pat h whe n a  remembere d imag e i s given .  I n thi s method , 
attentio n point s ar e no t  automaticall y selecte d fro m a  give n 
image ,  bu t  ar e selecte d b y a  syste m operator . 

A h m ad &  Omohund r o (1990 )  propose d a  metho d tha t 
searche s cluster s i n featur e maps .  I n thei r  method ,  i t  i s  as -
sumed tha t  "strong "  featur e point s ar e collocate d i n featur e 
maps an d attentio n i s fixed  a t  th e clusters .  Ey e movemen t 
i s controlle d b y searchin g cluster s o f  stron g featur e point s i n 
order .  Thi s metho d ca n us e severa l  kind s o f  featur e map s t o se -
lec t  attentio n point s an d contro l  ey e movement .  However ,  thi s 
metho d assume s tha t  featur e point s cluster .  Therefore ,  whe n 
featur e point s ar e scattere d ove r  featur e maps ,  thi s metho d 
woul d selec t  a  wid e are a a s a n attentio n point .  Improvement s 
ar e necessar y i n orde r  t o bette r  selec t  attentio n point s fro m 
suc h featur e maps . 

Scan path model 

Assumption s o f  th e mode l 

We assum e that : 

1.  O n e attentio n poin t  i s  selecte d a t  a  time . 

2.  Informatio n i s hierarchicall y filtered  t o reduc e th e amoun t 
of  informatio n amoun t  gradually .  Thi s i s no t  modele d here . 

3.  Strengt h o f  attractio n o f  attentio n point s i s measure d a s 

complexit y o f  figure  contours .  Thi s i s  modele d a s th e 
varianc e acros s orientation s amon g Gabo r  filter  response s 
centere d a t  a  point . 

4.  Thi s point-wis e attentio n strengt h form s a  featur e map . 

5.  I n th e selectiv e attentio n process ,  th e uni t  wit h th e highes t 
activit y i n th e featur e m a p shoul d b e selecte d a s a n attentio n 
point . 

6.  Fo r  movemen t  o f  attentio n t o th e nex t  point ,  self-inhibitio n 
i n th e featur e m a p i s necessary . 

7.  I n orde r  fo r  movemen t  o f  attentio n t o circulate ,  th e inhibite d 
activit y o f  attentio n point s recover s afte r  som e interval . 

Conditions for scan path generation 

We believ e tha t  tw o kind s o f  problem s hav e t o b e resolve d 
fo r  modelin g sca n paths .  O n e i s  th e proble m o f  selectin g 
attentio n points ,  th e target s o f  th e ey e movements .  A  sequenc e 
of  attentio n point s mus t  b e generate d fro m scattere d featur e 
points .  Th e secon d proble m i s h o w ey e movemen t  form s th e 
close d loo p o f  th e sca n path .  Tha t  is ,  a s a  first  approximation , 
attentio n poin t  sequence s shoul d b e periodic . 

Thi s latte r  i s  performe d i n ou r  mode l  b y inhibitin g featur e 
point s i n th e neighborhoo d o f  th e las t  fixated  point ,  wit h a 
deca y o n thi s inhibition .  Thu s afte r  som e interval ,  th e fixation 
point s recove r  t o attrac t  attentio n again .  I t  i s  thi s behavio r  tha t 
cause s th e circulatio n o f  ey e movemen t  i n ou r  model . 

I t  remain s t o b e sai d h o w attentio n point s ar e chose n i n 
th e first  place .  W e preproces s th e fac e i n paralle l  b y layin g a 
gri d o f  Gabo r  filters  ( a 2- d convolutio n o f  a  Gaussia n wit h a 
sin e wave )  o f  variou s resolution s an d rotation s ove r  th e imag e 
(Daugman ,  1988 ;  Gabor ,  1946) .  Th e particula r  filter  w e us e 
is : 

n i x )  =  iexp(f0-x)exp(-^^^^ ; 

where 

(1 ) 

(2 ) (̂  =  K{cos9,sin6 ) 

'^ = T 

Thu s 9  i s  th e orientatio n o f  th e sin e wav e an d k  i s th e 
resolutio n paramete r  o f  th e filter  wit h a  wav e lengt h A .  77 i s a 
coefficien t  fo r  normalizatio n wit h respec t  t o th e frequency ,  a 
(i n ou r  model )  i s  simpl y se t  i t  t o th e constan t  tt ,  an d w e var y 
A t o ge t  differen t  frequencies .  Thi s filter  i s  convolve d wit h a n 
inpu t  imag e an d generate s a  filter  respons e a t  a  poin t  x  wit h 
respec t  t o a n orientatio n 0  an d a  wav e lengt h A . 

- I 
G{4>x-h )  =  /  Iix)'¥i4> ,  x- o -  x)d x (3 ) 

We calculat e a  nor m valu e o f  thi s filter  respons e \G{<f> ,  x) \ 
as on e elemen t  o f  th e featur e vecto r  a t  tha t  point : 

M(0,x*o )  =  lG(^,ib) | (4 ) 
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W h en multipl e scale s an d orientation s ar e used ,  w e ge t 
a featur e vecto r  o f  thes e response s fo r  ever y point .  Thi s 
i s basicall y th e "Gabo r  jet "  use d b y vo n de r  Malsbur g an d 
colleague s (Buhman n e t  al. ,  1991) .  W e defin e th e allcnlioiKi l 
field  a s th e activit y o f  unit s i n a  featur e map .  Thi s activity , 
th e attractio n valu e fo r  attention ,  i s  define d a s th e varianc e 
of  th e Gabo r  filter  output s ove r  th e multipl e orientation s a t 
a particula r  resolution .  W e denot e thi s V'(\- ,  jq) .  Not e w e 
assume a  particula r  resolutio n o f  filter  mus t  b e chose n base d o n 
th e siz e o f  th e objec t  i n th e imag e fo r  th e purpose s o f  attentio n 
selection .  I n ou r  experiment s here ,  w e simpl y selecte d A  =  8 . 

Thus ,  w e mode l  th e low-leve l  attentiona l  attractio n b y th e 
activit y o f  th e unit s i n V .  The n th e sca n pat h i s generate d a s 
follows : 

1.  Th e poin t  f̂ ,  correspondin g t o th e uni t  i n th e attentiona l 
field  wit h th e highes t  potentia l  valu e i s selecte d a s th e focu s 
of  attentio n point . 

2.  Onc e a  poin t  i s  visited ,  i t  i s  inhibite d vi a a  off-center-on -
surroun d mask ,  give n by : 

/F(x-;,r') = (l+aexp(^^^^))(l-/3exp(1^^^5^)) 
A^ B^ 

(5 ) 
By multiplyin g value s o f  thi s  filter  wit h th e potentia l  value s 
aroun d th e attentio n point ,  potentia l  value s V'{k ,  x )  a t  th e 
nex t  tim e ste p ar e obtained . 

3.  Th e attentiona l  field  recover s vi a a  discret e approximatio n 
t o a  continuou s recover y process : 

V'{k, x)[t + 1] = (1 - 6)V'{k, x)[t] + 6V{k, x) (6) 

4. Go to step 1. 

Thi s mode l  bear s resemblanc e t o tha t  propose d b y Koc h & 
Ullman(1985) .  Ou r  mode l  ca n b e see n a s a n instantiatio n o f 
thei r  idea s i n a  particula r  domain . 

Scan path generation experiments 

Scan pat h generatio n experiment s wer e carrie d ou t  o n fac e im -
ages ,  fro m a  databas e collecte d b y Cottrel l  &  Metcalf e (1990) . 
We use d facia l  image s o f  3 5 people ,  wit h 8  expression s eac h 
(se e Figur e 2) .  W e use d Gabo r  filters  wit h 8  orientation s an d 
6 scale s t o calculat e 4 8 elemen t  filter  response s a t  eac h pixel . 
We compute d th e varianc e o f  th e 8  filters  a t  eac h scal e sepa -
rately .  Figur e 3  show s potentia l  value s a t  eac h scal e converte d 
t o gra y levels .  Th e value s o f  A  use d ar e give n acros s th e to p 
of  th e Figure . 

For  th e I F filter  (Equatio n 5 )  an d th e recover y proces s 
(Equatio n 6) ,  w e trie d th e followin g parameters : 

Q e {0.1,0.25,0.5,1.0} 

P =  1 

A =  s R 

B =  3s R 

s e  {0.5,1.0,2.0 } 

6 e  {0.02,0.05,0.10 } 

where R is \/2(t/k in Equation 1. 
A mechanis m o f  controllin g th e scal e t o b e use d i s beyon d 

th e scop e o f  thi s paper .  I n th e followin g experiments ,  w e us e 

th e fourt h scal e fro m th e lef t  i n Figur e 3 ,  tha t  is ,  A  =  8 ,  fo r 
th e sca n pat h generatin g experiments .  Followin g th e metho d 
outline d above ,  w e generat e a  sequenc e o f  points .  W h e n a 
sequenc e o f  point s longe r  tha n 5  i s repeated ,  w e defin e tha t 
as a  sca n path .  Thus ,  i f  n o sequenc e o f  attentio n point s i s 
repeated ,  n o sca n pat h i s detected .  W e allo w som e jitter :  A n 
attentio n poin t  withi n 4  pixel s o f  a  previou s attentio n poin t  i s 
regarde d a s th e sam e attentio n point . 

Experimental results and discussion 

As describe d above ,  face s o f  3 5 peopl e ar e sampled .  8  kind s 
of  expression s ar e use d fo r  eac h person ,  resultin g i n 28 0 fac e 
images .  A n exampl e i s show n i n Figur e 4 .  Th e upper-lef t 
corne r  imag e show s a  generate d sca n path .  Th e first  imag e 
t o it s righ t  i s th e origina l  potentia l  field  use d fo r  selectin g th e 
first  point .  O n e ca n clearl y se e th e inhibitio n an d recover y 
of  point s i n thi s potentia l  field  a s the y ar e scanned .  Eac h 
subsequen t  imag e show s th e curren t  selecte d attentio n poin t 
alon g wit h th e previou s nin e points .  Th e imag e sequenc e 
proceed s fro m lef t  t o righ t  an d to p t o bottom . 

As note d above ,  w e di d a  paramete r  searc h throug h thre e 
parameter s o f  ou r  inhibitor y surroun d (width ,  deca y o f  inhibi -
tion ,  an d strength) .  Tabl e 1  show s th e fractio n o f  image s tha t 
resulte d i n sca n path s b y ou r  criterio n fo r  th e variou s value s 
of  a ,  s ,  an d b . 

Tabl e 1 .  Percen t  o f  sca n pat h generatio n 
Q 

S 

0. 5 
0. 5 
0. 5 
1.0 
1. 0 
1.0 
2. 0 
2. 0 
2. 0 

8 

0.0 2 
0.0 5 
0.1 0 
0.0 2 

0.0 5 
0.1 0 
0.0 2 
0.0 5 
0.1 0 

0.1 0 

0.0 % 
0.0 % 
0.0 % 
0.0 % 
0.0 % 
2.5 % 

16.4 % 

43 .6 % 
73.6 % 

0.2 5 

0.0 % 
0.0 % 
0.0 % 
0.0 % 
0.0 % 
4.6 % 

16.4 % 
44 .3 % 
73 .2 % 

0.5 0 

0.0 % 
0.0 % 
1.1 % 
0.0 % 
0.0 % 
6.4 % 

18.2 % 
4 1 . 1 % 
76 .1 % 

1.0 0 

0.0 % 
0.0 % 
6.4 % 
0.0 % 
0.4 % 

20 .7 % 
18.2 % 
4 5 . 4 % 
82.9 % 

I n th e cas e whe n th e rang e paramete r  fo r  facilitatio n an d in -
hibition ,  s  i s 0.5 ,  fe w sca n path s ar e generated .  A n attentio n 
poin t  i s  selected ,  potentia l  value s nea r  th e poin t  ar e facilitated , 
and attentio n doe s no t  mov e t o point s fa r  fro m th e previou s 
point .  W h e n th e paramete r  s  i s larger ,  mor e sca n path s ar e 
generated .  W h e n th e tim e constan t  paramete r  6  i s to o small , 
i t  take s to o lon g fo r  inhibite d potentia l  value s recover .  There -
fore ,  i t  i s  har d fo r  attentio n t o retur n t o previousl y selecte d 
points .  Th e large r  paramete r  a  is ,  smalle r  th e widt h o f  th e 
rin g are a wher e potential s ar e facilitated .  Tha t  is ,  th e distanc e 
betwee n tw o successiv e attentio n point s stabilizes .  However , 
sca n pat h generatio n doe s no t  depen d ver y strongl y o n thi s 
parameter .  W h e n s  =  2. 0 an d b  — 0.1 ,  sca n path s ar e gen -
erate d fo r  abou t  7 3 % t o 8 3 % o f  fac e images .  Th e averag e 
lengt h o f  sca n path s i n thi s cas e i s abou t  40 . 

Example s o f  sca n path s whic h ar e generate d fro m fac e 
image s o f  1 5 peopl e ar e show n i n Figur e 5 .  Th e nam e o f  a n 
imag e i s o f  th e for m id.sex.emotion ,  followe d b y a  numbe r 
indicatin g th e lengt h o f  th e sca n path .  Not e thi s i s th e tota l 
number  o f  point s i n th e path ,  sinc e man y point s ar e repeated . 
Forfiveouto f  th e thirt y five  images ,  n o sca n pat h i s generate d 
(marke d N50) . 
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Figur e 2 :  Exampl e face s (fro m Cottrel l  &  Metcalfe ,  1990) . 

F a c e recogni t io n us in g s c a n p a t h s 

We now employ our scan paths for object recognition. Our 
approac h i s a s follows :  W e first  change d th e inhibitio n pa -
rameter s slightl y i n orde r  t o ge t  a  wide r  rang e o f  point s fro m 
a face .  Then ,  w e us e on e imag e o f  eac h o f  th e 3 5 subject s 
i n orde r  t o obtai n a  store d sca n path .  W e allowe d ourselve s 
th e freedo m t o alte r  parameter s i f  th e setting s di d no t  resul t 
i n a  sca n path ,  unti l  w e di d hav e a  sca n pat h fo r  ever y face . 
Obviousl y i n th e futur e w e woul d prefe r  t o us e a n adaptiv e 
algorith m fo r  this .  W h e n storin g thes e sca n paths ,  i n orde r 
t o reduc e processin g time ,  w e onl y store d th e to p 2 0 uniqu e 
points ,  an d th e vector s t o th e nex t  point . 

N o w fo r  recognition ,  whe n w e encounte r  a  ne w face ,  w e 
first  extrac t  th e to p K  attentio n points .  W e the n compar e 
thes e t o th e first  attentio n point s i n th e store d images .  W e d o 
thi s b y computin g th e cosin e o f  th e angl e o f  th e vector s o f 
Gabor  filter  output s subtracte d fro m 1  t o giv e a  dissimilarit y 
value .  Usin g a  threshold^ ,  w e accep t  a s possibl e recognitio n 
candidate s al l  store d image s whos e dissimilarit y i s  les s tha n ̂ . 
Then ,  fo r  eac h possibl e recognitio n candidate ,  w e searc h th e 
inpu t  imag e fo r  th e bes t  fit  o f  th e nex t  poin t  alon g th e store d 
sca n path .  T o d o this ,  w e recal l  th e store d trajector y fro m 
th e matche d point ,  an d find  th e bes t  matc h t o th e nex t  poin t 
withi n a  5x 5 patc h o f  pixel s centere d a t  th e en d o f  tha t  vecto r 
i n th e inpu t  image .  I f  th e s u m m e d dissimilaritie s fo r  al l  point s 
alon g th e trajector y ar e les s tha n ̂ ,  w e hav e a  match .  I f  mor e 
tha n on e store d sca n pat h matches ,  w e tak e th e lowes t  one . 

The 28 0 fac e image s tha t  wer e use d fo r  sca n pat h generatio n 
simulatio n wer e use d fo r  th e fac e recognitio n experiments . 
O ne fac e imag e fo r  a n individua l  i s  use d i n th e fac e m e m-
orizin g phase .  Othe r  7  face s fo r  a n individua l  ar e use d fo r 

recognitio n test .  Th e numbe r  o f  recognitio n targe t  categorie s 
i s  35 ,  on e fo r  eac h individual .  Th e result s o f  thi s procedur e fo r 
variou s value s o f  th e threshol d paramete r  ar e show n i n Tabl e 
2.  I n Tabl e 2  w e als o sho w th e effec t  o f  varyin g th e numbe r  o f 
Gabor  filter  resolution s used ,  fro m al l  6  (4 8 tota l  filter  values ) 
d o wn t o 1 .  W e se e tha t  fo r  thi s task ,  i t  i s  importan t  t o us e th e 
whol e Gabo r  je t  fo r  matchin g points . 

Tabl e 2 .  Fac e recognitio n rate s usin g sca n path s 
No.  o f 

A' s 

6 
6 
6 
5 
5 
5 
3 
3 
3 
1 
1 
1 

thres h 

1.2 
1.0 
0. 8 
1.0 
0. 8 
0. 6 
0. 8 
0. 6 
0. 4 
0. 6 
0. 4 
0. 2 

Hi t 
rat e (% ) 

96. 7 

94. 3 
90. 2 
93. 1 
85. 7 

70. 6 
89. 0 
81. 2 
60. 4 
82. 9 
79. 2 
56. 3 

Rejec t 
rat e (% ) 

2. 4 
4. 9 
9. 8 
5. 7 

13. 9 
29. 4 
9. 4 

18. 0 
39. 6 

1.2 
14. 7 
43. 7 

Erro r 
rat e (% ) 

0. 8 
0. 8 
0. 0 
1.2 
0. 4 
0. 0 
1.6 
0. 8 
0. 0 

15. 9 
6.1 
0. 0 

C o n c l u s i o n 

I n thi s paper ,  w e explore d a  mode l  o f  sca n pat h generatio n 
base d o n a n easil y compute d valu e o f  low-leve l  features ,  i.e. , 
th e varianc e o f  a  se t  o f  Gabo r  filters  a t  variou s point s i n a n 
image .  W e foun d tha t  th e sca n path s generate d b y ou r  al -
gorith m qualitativel y matche d huma n sca n paths .  W e als o 
foun d tha t  th e sca n path s wer e usefu l  fo r  recognition .  Give n 
store d sca n paths ,  individual s ma y b e recognize d b y match -
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Image No .  Origina l  3 2 16«sqrt(2 > 1 6 

Uaue lengt h 

8 

imag e 

1.1. 3 

2.1. 3 

3.2. 2 

4.2. 1 

Figur e 3 :  Varianc e o f  Gabo r  jet s a t  differenc e scales . 

in g th e store d feature s t o thos e foun d b y travelin g alon g th e 
trajector y give n b y th e store d sca n paths .  Thi s techniqu e i s 
relativel y insensitiv e t o change s o f  facia l  expression .  Lik e 
von de r  Malsburg' s work ,  w e find  tha t  on e imag e i s enoug h 
fo r  recognition .  Unlik e vo n de r  Malsburg ,  w e ar e abl e t o rec -
ogniz e a n imag e withou t  a  relaxatio n process ,  an d w e us e onl y 
th e to p 2 0 "mos t  exciting "  featur e point s t o d o it .  However , 
we hav e no t  ye t  explore d recognitio n o f  multipl e orientation s 
wit h ou r  model . 
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Sca n pat h 
t= 0 t= l  t= 2 t= 3 t= 4 t= 5 

t=1 0 t=1 5 t=2 0 t=2 5 t=3 0 t=3 5 

m 

t=4 0 t=4 5 t=5 0 t=5 5 t=5 6 

Figur e 4 :  Generatio n o f  a  sca n path .  Se e tex t  fo r  explanation . 

1.1. 5 1 6 1.2. 5 8 9 2.1. 5 7 2 

1 

^ 

2.2. 5 7 5 3.2. 5 7 6 

I 

5.1. 5 1 6 5.2. 5 1 2 6.1. 5 2 2 6.2. 5 2 0 7.1. 5 7 

t i 
8.2. 5 3 6 9.1. 5 N5 0 9.2. 5 N5 0 10.1. 5 3 5 10.2. 5 6 

Figur e 5 :  Exampl e sca n paths . 
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