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Universit y o f  Michigan ,  A n n Arbo r 
330 Packar d St . 

Ann Arbor ,  M I  4810 4 
Phone :  (313 )  764-031 8 

E-mail :  kurbat@cog.p8ych.lsa.umich.ed u 

A b s t r a c t 

Attneav e (1954 )  claime d tha t  approximation s 
made b y connectin g th e point s o f  m a x i m u m 
curvatur e ( M A X points )  i n a  pictur e wer e 
necessar y an d sufQcien t  fo r  representin g shape s fo r 
recognition .  Low e (1985 )  i n tur n argue d tha t  a n 
equall y sufficien t  representatio n i s  create d b y 
connectin g point s o f  minimu m curvatur e (MI N 
points) ;  henc e M A X point s ar e no t  necessary . 
However ,  bot h Attneav e an d Low e neglecte d th e 
rol e o f  curvatur e concentratio n i n thei r  arguments . 
I t  i s  hypothesize d her e tha t  fo r  shape s wit h 
curvatur e concentrate d a t  a  smal l  numbe r  o f 
points ,  M A X poin t  picture s ar e fa r  bette r 
representation s tha n M I N pictures .  Mor e 
general^ ,  ttie  mor e curvatur e wa s concentrate d i n 
fewe r  points ,  th e greate r  th e advantag e o f  M A X 
figure s ove r  M I N figure s i n recognizability .  Thi s 
hypothesi s wa s experimentall y verified ;  som e 
implication s fo r  shap e representatio n ar e 
discussed . 

I n t r o d u c t i o n 

Attneave (1954, p. 184) argued that information^ 
abou t  th e shap e o f  a n objec t  i s concentrate d a t  th e 
point s o f  greates t  curvature ,  o r  "...a t  thos e point s 
on a  contou r  a t  whic h it s directio n change s mos t 
rapidly. "  H e supporte d hi s argumen t  wit h tw o 
line s o f  evidence .  Hrst ,  Attneav e ha d subject s 
approximat e outline s o f  1 6 shape s b y pickin g 
point s o n whic h t o plac e dot s s o a s t o bes t 
approximat e th e outlines .  Subject s generall y 
chos e point s o f  greates t  curvatur e (calle d ' M A X 
points" ;  se e Figur e la) .  Second ,  Attneav e 
connecte d th e thirty-eigh t  point s o f  greates t 
curvatur e i n a  drawin g o f  a  sleepin g cat ;  th e resul t 

'  Althoug h Attneav e originall y mean t 
"information '  i n a n information-theoreti c sense ,  i t 
may als o b e use d i n a  looser ,  mor e metaphorica l 
sens e i n thi s contex t  (se e Quinlan ,  1991) . 

i s  easil y recognizabl e a s suc h (se e Figur e lb) . 
Attneav e conclude d tha t  th e informatio n i n a 
drawin g consiste d o f  th e point s o f  greates t 
curvatur e an d h o w the y ar e connected ,  an d tha t  th e 
nervou s syste m store d onl y thi s information . 
Attneave' s wor k ha s ha d a  majo r  impac t  o n shap e 
representatio n an d recognitio n researc h i n 
psycholog y an d computationa l  visio n (fo r  a  partia l 
revie w se e Quinlan ,  1991) . 

However ,  Attneav e provide d n o contro l 
conditio n i n hi s origina l  woii c Suc h a  conditio n 
ca n b e provide d b y creatin g a  ca t  pictur e mad e b y 

connectin g point s o f  m in imu m curvature ^ 
("MIN '  points ,  whic h occu r  betwee n eac h pai r  o f 
connecte d M A X points ;  se e Figur e Ic) .  L o w e 
(1985 )  create d a  M I N poin t  cat ,  an d note d tha t  th e 
M AX an d M I N drawing s appea r  t o b e equall y 
recognizable .  Thu s L o w e conclude d tha t 
Attneave' s origina l  argumen t  w a s incorrect . 
Huttenloche r  an d Ullma n (1987 )  commente d o n 
Lowe' s observations ,  an d note d tha t  studie s suc h 
as Attneave' s d o no t  addres s th e proble m o f  wha t 
informatio n i s necessar y t o recogniz e a n object , 
but  merel y demonstrat e tha t  certai n informatio n i s 
sufficien t 

Lowe' s argumen t  i s  incomplete ,  however , 
becaus e i t  neglect s th e rol e o f  curvatur e 
concentratio n i n shap e representation .  W h a t  i s 
curvatur e concentration ? Curvatur e i s chang e o f 
directio n o f  a  contou r  a t  a  give n point ,  s o 
curvatur e concentratio n is ,  intuitively ,  th e exten t 
t o >4iic h curvatur e i s no t  equall y distribute d acros s 
al l  poin t  i n a  contour .  Fo r  example ,  a  circl e ha s 
th e lowes t  possibl e curvatur e concentration , 
becaus e th e curvatur e o f  a  circl e i s equa l  a t  al l 

^  Actually ,  wha t  I  a m callin g Lowe' s M I N poin t 
cat  wa s create d b y connectin g th e point s midwa y 
betwee n point s o f  m a x i m u m curvatur e ("MID " 
points )  .  Strictl y speaking ,  thes e point s nee d no t 
be point s o f  m i n i m u m curvature ,  bu t  the y 
typicall y approximat e M I N point s sufficientl y 
well .  I n thi s pape r  "MI N point "  wil l  mea n "M I D 
point" . 
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Figur e 1 :  (a )  Subjec t  approximate d th e Bgur e show n abov e wit h 1 0 dots .  Radiatin g bar s indicat e th e 
relativ e Gequenc y wit h whic h variou s point s o n th e outlin e wer e chose n (tto m Attneave ,  1954) ;  (b ) 
drawin g mad e b y connectin g th e point s o f  max imu m curvatur e i n a  pictur e o t  a  ca t  wit h straigh t  line s 
(fro m Attneave ,  1954) ;  (c )  drawin g mad e b y connectin g th e point s o f  minimu m curvatur e i n a  pictur e o f  a 
cat  wit h straigh t  line s (fro m Lowe ,  1985 ;  permissio n for'us e grante d fro m Kluwe r  Academi c Publishers) . 

points .  I n contrast ,  a  polygo n m a d e b y 
connectin g a  smal l  numbe r  o f  straigh t  lin e 
segment s ha s hig h curvatur e concentration , 
becaus e curvatur e i s onl y foun d (henc e i s 
concentrated )  a t  thos e point s wher e th e straigh t 
segment s ar e joined .  Fb r  example ,  th e curvatur e 
of  a  squar e i s <xil y foun d a t  th e fou r  comer s o f  th e 
squar e -  th e outlin e d  th e squar e change s directio n 
onl y a t  thos e points ,  an d doe s no t  chang e directio n 

i n betwee n the m ̂ . 
Returnin g t o th e questio n a t  hand ,  h o w doe s 

curvatur e concentratio n rdat e t o Lowe' s argument ? 
I f  th e curvatur e o f  a  shap e i s concentrate d solel y a t 
a fe w point s (i.e. ,  th e shap e i s forme d b y 
connectin g point s wit h lin e segments) ,  the n a 
M AX representatio n usin g thos e point s recreate s 
th e origina l  shap e perfectly ,  whil e a  M I N 
representatio n i s poo r  (e.g. ,  se e Figur e 2) .  O n th e 
othe r  hand ,  fo r  smoothl y curve d outline s wit h 
m a ny M A X point s suc h a s Attneave' s cat , 
curvatur e concentratio n i s low .  I n suc h case s 
ther e ar e a t  leas t  thre e reason s w h y th e perceptua l 
differenc e betwee n M A X an d M I N representation s 
shoul d no t  b e nearl y s o great .  Fu3t ,  M A X 
representation s n o longe r  hav e tfie  advantag e ove r 
M I N representation s o f  recreatin g th e origina l 

3 On a narrower definition of curvature, curvature 
i s undefine d a t  th e comer s <r f  squares ,  sinc e th e 
curv e i s no t  smoot h a t  suc h points .  However ,  a s 
discusse d furthe r  i n th e discussio n sectio n (an d 
H o m n an an d Richards ,  1984) ,  I  a m treatin g non -
smoot h point s lik e th e comer s o f  square s a s 
specia l  case s o f  curvatur e maxima . 

shap e perfectl y -  i t  i s  impossibl e t o perfectl y 
represen t  a  smoothl y curve d shap e wit h straigh t 
segments .  Thi s i s anothe r  wa y o f  sayin g tha t 
smoothl y curve d object s d o no t  hav e thei r 
curvatur e concentrate d entirel y i n a  finite  se t  o f 
points .  Second ,  i f  ther e ar e man y M A X points , 
the n th e differenc e betwee n M A X an d M I N 
representation s i s no t  a s larg e a s i t  woul d b e i f 
ther e wer e fewe r  M A X points .  Mor e M A X point s 
mean mor e closely-space d M A X points ,  an d sinc e 
M I N point s occu r  betwee n eac h pai r  o f  connecte d 
M AX points ,  th e mor e closely-space d th e M A X 
point s are ,  th e dose r  th e M I N point s ar e t o them , 
and th e les s differenc e betwee n M A X poin t  an d 
M I N poin t  representations .  Third ,  i f  man y M A X 

point s chose n ar e "weak" ^  M A X points ,  the n th e 
differenc e betwee n M A X an d M I N representation s 
i s no t  a s larg e a s i t  woul d b e i f  dios e wea k M A X 
point s wer e stronger ,  nnc e weake r  M A X point s 
means les s informativ e M A X points .  Thes e las t 
tw o point s ar e illustrate d i n Figur e 3 :  i n Figur e 
3a,  whe n onl y th e 2 6 stronges t  M A X point s ar e 
chose n th e M A X representatio n look s muc h mor e 
lik e a  hors e tha n th e correspondin g M I N 
representatio n i n Figur e 3b ;  bu t  whe n 2 5 weake r 
M AX point s ar e added ,  th e differenc e betwee n th e 
resultin g M A X an d M I N representation s (Figure s 

*  A  "strong "  M A X poin t  i s  on e wher e th e 
curvatur e o f  th e poin t  i s muc h greate r  tha n tha t  o f 
th e surroundin g contour ;  a  "weak "  M A X poin t  i s 
one wher e th e cunratur e o f  th e poin t  i s  no t  muc h 
greate r  tha n tha t  o f  th e surroundin g contour . 
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Figur e 2 :  (a )  A  computer-generate d figur e o f  a n arro w approximate d b y connectin g point s o f  m a x i m u m 
curvature ;  (b )  a  figur e create d b y connectin g midwa y betwee n point s o f  m a x i m u m curvature .  I n case s 
wher e th e curvatur e o f  a  shap e i s  concentrate d i n a  smal l  discret e se t  o f  points ,  a  M A X pictur e 
approximate s th e shap e perfectly ,  whil e a  M I N pictur e i s a  ver y poo r  representation . 

3c an d 3d ,  respectively )  i s  greatl y reduced .  I n 
general ,  th e mor e curvatur e tha t  i s  concentrate d i n 
fewe r  point s fo r  a  give n s h { ^ ,  th e greate r  th e 
relativ e advantag e o f  M A X representation s usin g 
onl y thos e point s ove r  M I N ones .  Thu s th e 
purpos e o f  th e followin g experimen t  wa s t o 
reexamin e th e relativ e utilit y o f  M A X an d M I N 
poin t  representation s fo r  recognition ,  bu t  thi s 
tim e t o als o manipulat e th e concentratio n o f 
curvature .  Th e hypothesi s wa s tha t  th e mor e 
curvatur e wa s concentrate d i n jus t  a  fe w points , 
th e greate r  th e advantag e o f  M A X figure s ove r 
M I N figures  i n recognizability . 

Biederma n (1988 )  m a d e a  relevan t 
methodologica l  poin t  I n commentin g o n Lowe' s 
work ,  Biederma n note d (an d empiricall y 
demonstrated )  tha t  object s whic h appea r  equall y 
identifiabl e whe n viewe d casuall y m a y diffe r 
markedl y \**e n presente d a t  brie f  exposures .  I n 
general ,  ther e ma y b e a  numbe r  o f  path s t o visua l 
recognition ,  an d real-tim e classificatio n (a t  th e 
speed s human s classify )  m a y obe y differen t 
constraint s fro m thos e governin g classificatio n a t 
slowe r  speeds .  A s Biederma n argue s tha t  casuall y 
viewin g image s wil l  no t  provid e muc h insigh t  t o 
th e operatio n o f  real-tim e mechanism s o f  h u m a n 
vision ,  i t  i s  importan t  (assumin g on e i s intereste d 
i n real-tim e vision )  t o presen t  picture s fo r  onl y 
brie f  exposiu- e durations . 

Metho d 

Subject s 

Thirty-si x introductor y psycholog y student s a t  th e 
Universit y o f  Michiga n participate d a s par t  o f  a 
cours e requiremen t 

Material s 

Approximately equal numbers of objects were 
chose n fo r  eac h o f  thre e concentration s o f 
curvature :  concentrate d a t  a  smal l  numbe r  o f 
points ,  intermediate ,  o r  well-distributed .  Fo r 
shape s wit h concentrate d curvature ,  al l  M A X 
point s wer e used ;  fo r  shape s wit h les s concentrate d 
curvature ,  wea k M A X point s wer e omitted .  I n 
general ,  mor e M A X point s wer e chose n fo r 
object s wit h mor e distribute d curvatur e -  becaus e 
thos e object s ha d mor e M A X points ,  an d becaus e 
mor e point s wer e neede d t o recognizabl y represen t 
suc h objects .  I n total ,  twenty-eigh t  picture d 
object s wer e use d t o creat e th e tes t  stimuli .  T w o 
drawing s (on e M A X an d on e M I N )  wer e generate d 
by compute r  fro m eac h picture d objec t  fo r  a  tota l 
of  fifty-si x tes t  stimuli .  Also ,  eleve n practic e an d 
thre e wa rmu p stimul i  wer e used .  Picture s wer e 
presente d o n MacI I  computers . 

Procedur e an d Des ig n 

Subjects were told that their task was to judge if 
names an d approximate d picture s o f  object s di d o r 
di d no t  match .  O n eac h tria l  th e nam e o f  th e 
objec t  wa s presente d a t  th e to p o f  tiie  screen ,  an d 
th e pictur e wa s presente d jus t  beneat h i t  Subject s 
learne d th e tas k usin g practic e trials ,  an d the n 
went  o n t o th e tes t  trials .  The y bega n wit h thre e 
non-speede d practic e trials ,  i n whic h th e n a m e 
remaine d o n th e scree n whil e th e pictur e wa s 
bein g presented .  Subject s wer e aske d t o respon d 
eithe r  "yes "  tha t  th e nam e matche d flie  picture ,  o r 
"no '  tha t  i t  di d no t  Subject s wer e instructe d t o 
respon d "yes "  wit h th e "?/ "  ke y an d "no "  wit h th e 
'z "  ke y (foUowin g Ratclif f  an d McKoon ,  1989) , 
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Figur e 3 :  (a )  A  computer-generate d figur e (O' a hors e mad e b y connectin g th e 2 6 stronges t  ̂ 4 A X points ;  (b ) 
th e sam e hors e represente d b y connectin g 2 6 M I N points ;  (c )  th e sam e horse ,  n o w represente d b y 
connectin g th e 5 1 stronges t  M A X points ;  (d )  th e hors e represente d b y connectin g 5 1 Affl V pcdnts .  Whe n 

fewe r  o r  stronge r  M A X point s ar e chosen ,  th e advantag e o f  M A X ove r  M I N representation s i s greate r  tha n 
i s i t  w/ie n /nor ? o r  weake r  M A X point s ar e a<kled .  Thus ,  th e advantag e o f  (a )  ove r  (b )  i s  greate r  tha n th e 
advantag e of(c )  ove r  (d) . 

usin g thei r  righ t  an d lef t  inde x finger s 
respectively .  Thes e key s wer e marke d wit h re d 
dots .  Subject s the n wen t  o n t o th e eigh t  speede d 
practic e trial s (fou r  M A X an d fou r  M I N 
intermixed) .  Fo r  thes e trial s th e tas k wa s change d 
so tha t  th e nam e wa s presente d o n th e scree n fo r 
onl y 1. 5 seconds ;  th e nam e wa s the n erase d an d 
th e pictur e wa s presente d fo r  20 0 mse c an d the n 
erased .  Subject s wer e agai n aske d t o respon d 
"yes "  o r  "no" ,  bu t  wer e n o w aske d t o respon d a s 
quickl y a s possiU e onc e th e pictur e speare d o n 
th e screen .  Rnally ,  subject s wen t  o n t o thre e 
w a r m u p trial s an d th e fifty-six  tes t  triak ;  al l 
w a r m u p an d tes t  trial s wer e ru n consecutivel y 
withou t  a  break .  Procedur e fo r  warmu p an d tes t 
trial s wa s identica l  t o ftat  i n th e speede d practic e 
trials . 

Th e tw o independen t  variable s wer e pictur e 
typ e ( M A X o r  M I N )  an d concentratio n o f 
curvatur e (concentrate d a t  a  smal l  numbe r  o f 
points ,  intermediate ,  o r  well-distributed) .  Al l 
subject s sa w al l  picture s (desig n wa s within -
subjects) .  Tes t  trial s wer e presente d i n tw o 
blocks ,  th e orde r  o f  whic h wa s counter-balanced . 
Th e orde r  o f  picture s withi n eac h bloc k w a s 
randomized .  Withi n eac h block ,  hal f  o f  th e 
picture s wer e M A X drawing s an d hal f  wer e M I N 
drawings .  Eac h bloc k include d th e M A X o r  th e 
M I N pictur e fo r  eac h object ,  bu t  neve r  both .  Eac h 
pictur e use d i n a  bloc k wa s show n twic e i n it s 

block ,  onc e o n a  tru e tria l  an d onc e o n a  fals e 
trial .  Also ,  eac h nam e appeare d twic e i n eac h 

block ,  onc e o n a  tru e tria l  an d onc e o n a  fals e 
trial . 

Result s 

Table 1 shows the mean pereent correct and 
reaction  tim e fo r  "true "  trial s i n eac h condition . 
Thi s tabl e show s tha t  ther e wer e interaction s i n 
th e directio n predicte d betwee n th e tw o 
independen t  variable s fo r  bot h reactio n tim e 
(F(2,30)-2.36 ,  P-.09 )  an d percen t  correc t 
(F(2,30)-45.12 ,  p<.0001) .  Not e tha t  accurac y o n 
M I N picture s fo r  th e highes t  valu e o f  curvatur e 
concentratio n wa s aroun d chanc e (50%) .  Also , 
mai n effect s o f  pictur e typ e wer e presen t  fo r  bot h 
percen t  correc t  (F(l,30)-172.9 ,  p<.0001 )  an d 
reaction  tim e (F(l,30)-22.9 ,  p<.0001) .  Effect s o f 
curvatur e concentratio n wer e presen t  fo r  boO i 
percen t  correc t  an d reactio n time ,  an d wer e 
significan t  fo r  th e forme r  (F(2,30)-27.5 , 
p<.0001) ,  bu t  no t  th e latte r  (F(2,30)-l.l ,  p-.33) . 
For  al l  thes e mai n effects ,  M A X picture s wer e 
eithe r  mor e quickl y o r  mor e accuratel y recognize d 
tha n M I N pictures .  However ,  sinc e th e 
previousl y mentione d interaction s betwee n th e 
tw o independen t  variable s wer e presen t  fo r  bot h 
reactio n tim e an d percen t  correct ,  i t  wa s 
impossibl e t o unambiguousl y interpre t  th e mai n 
effects ;  s o Tuke y painvis e comparison s betwee n 

cel l  mean s wer e calculated .  B y thi s conservativ e 
test ,  M A X picture s wer e recognize d significantl y 
more accuratel y tha n M I N picture s fo r  th e 
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Tabl e I .  Reactio n time s an d percen t  correc t  b y pictur e type  ( M A X o r  M I N )  an d concentratio n o f  curvatur e 
(concentrate d a t  a  smal l  numbe r  o f  points ,  intermediate ,  o r  well-distribute d -  denote d a s "3" ,  '2" ,  an d "1 " 

respecaveiy; . 

Pictur e typ e 
M AX 
MIN 

Pictur e type 

M AX 
MIN 

Pictur e typ e 
M AX 
MIN 

Curvatur e concentration- 3 
Reactio n tim e (msec ) 

657. 7 
938. 2 

Curvatur e concentration- 2 
Reactio n tim e (msec ) 

658. 3 
867.3 

Curvatur e concentration- 1 
Reactio n tim e (msec ) 

689. 2 
763. 7 

96. 8 
47. 9 

Percen t  correc t 
93. 1 
69. 9 

Percen t  correc t 
92. 0 
87. 8 

highes t  an d intermediat e level s o f  curvatur e 
concentratio n (p<.01) ,  an d M A X wer e recognize d 
significantl y faste r  tha n M I N a t  th e highes t  leve l 
of  curvatur e concentratio n (p-.05) .  M A X picture s 
wer e als o recognize d mor e accuratel y tha n M I N 
picture s fo r  th e lowes t  leve l  o f  curvatur e 
concentration ,  an d M A X wer e recognize d faste r 
tha n M I N a t  th e intermediat e an d lowes t  level s o f 
curvatur e concentration ,  bu t  thes e difference s wer e 
not  significan t  I n general ,  th e predicte d tren d 
acros s condition s wa s found :  a n advantag e o f 
M AX ove r  M I N picture s (i n term s o f  accurac y an d 
reactio n time )  wa s found ,  an d thi s advantag e 
increase d a s curvatur e gre w mor e concentrated . 

D i s c u s s i o n 

The hypothesis tested was that the more curvature 
was concentrate d i n jus t  a  fe w points ,  th e greate r 
th e advantag e o f  M A X figure s ove r  M I N figures 
i n recognizability .  Thi s hypothesi s wa s strongl y 
confirmed .  Thu s i t  appear s tha t  althoug h 
Attneave' s genera l  intuitio n wa s correct ,  hi s exac t 
formulatio n an d tes t  o f  i t  wer e no t  Informatio n 
i s concentrate d a t  point s wher e curvatur e i s 
greates t  -  curvatur e maxim a ar e mor e informativ e 
tha n othe r  points .  However ,  exactl y h o w 
informativ e (relativ e t o a  M I N picture )  M A X 
point s alon e ar e abou t  th e curv e depend s o n h o w 
much curvatur e wa s concentrate d i n jus t  a  fe w 
points .  Concentratio n o f  curvatur e ca n i n tur n b e 
unpacke d int o severa l  things :  (1 )  th e numbe r  an d 
spacin g o f  M A X points ;  (2 )  h o w stron g th e M A X 
point s are ;  (3 )  an d h o w muc h o f  th e tota l 
curvatur e o f  th e figure  i s concentrate d i n th e M A X 

points .  Attneave' s ca t  alon e provide s a  poo r  tes t 
of  th e curren t  hypothesi s becaus e it s curvatur e i s 
faiii y  well-distributed . 

O ne prim a faci e additiona l  proble m fo r  thi s 
hypothesi s i s agai n provide d b y L o w e (1985) , 
w ho note d difference s betwee n smoot h shape s 
(lik e tha t  o f  a  cat )  o n th e on e han d an d th e lin e 
segment  representation s m a d e b y connectin g 
M AX an d M I N point s o n th e othe r  hand . 
Specifically ,  h e argue d tha t  "th e abilit y  t o 

introduc e tangen t  discontinuities ^  int o a  smoot h 
curv e -  a t  maxim a o f  curvatur e o r  elsewher e -
withou t  seriousl y affectin g recognition  i s actuall y 
an indicatio n tha t  loca l  value s o f  curvatur e nee d 
not  matc h predicte d values, "  (p.58) .  However , 
thi s argumen t  i s incomplet e fo r  a t  leas t  tw o 
reasons .  Fu-st ,  Biederma n (1988 )  showe d tha t 
recognitio n latencie s an d erro r  rate s wer e 
substantiaU y highe r  fo r  bot h M A X an d M I N cat s 
relative  t o a  norma l  lin e drawin g o f  a  sleepin g cat , 
w h en picture s wer e presente d fo r  10 0 mse c 
exposur e durations .  Thu s fo r  real-tim e objec t 
recognition ,  th e introductio n o f  tangen t 
discontinuitie s t o smoot h curve s doc s seriousl y 
affec t  recognition .  Second ,  i f  a  tangen t 
discontinuit y i s treate d a s a  specia l  cas e o f  a 
curvatur e max imu m (se e Hoffma n an d Richards , 
1984) ,  the n Lowe' s argumen t  i s irrelevan t  -
absolut e value s o f  loca l  curvatur e woul d no t 
matc h predicte d values ,  bu t  curvatur e m a x i m a 

^  A  tangen t  discontinuit y  i s a  poin t  ̂ )^er e a  curv e 
has a  "kink "  i n it ,  a  poin t  v^er e a  contou r  o r  lin e 
i s no t  smooth .  Fo r  example ,  th e fou r  comer s o f  a 
squar e ar e tangen t  discontinuities . 
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woul d b e i n th e sam e places .  M A X 
representation s ca n stil l  b e mor e easil y recognize d 

tha n M I N representatio n eve n i f  bot h ar e mor e 
difficul t  t o recogniz e tha n th e origina l  picture . 

Finally ,  th e result s presente d her e sugges t  on e 
precis e explanatio n fo r  w h y th e sort s o f  vertex -
base d objec t  recognitio n scheme s discusse d i n th e 
compute r  visio n literatur e (a s reviewed  b y Boden , 
1987 )  onl y appl y t o recognitio n o f  simpl e shape s 
lik e polyhedr a (e.g. ,  a  cube) .  A s polyhedr a ar e 
compose d o f  plana r  faces ,  suc h shape s hav e zer o 

surfac e curvature r  a t  al l  point s excep t  thos e wher e 
thre e o r  mor e face s joi n ( a vertex) .  Thu s i t  i s 
possibl e t o exactl y represent  polyhedr a solel y i n 

term s o f  type s an d relative  location s o f  thei r 
vertice s -  thei r  point s o f  greates t  surfac e 

curvature^ .  However ,  followin g th e argument s 
made above ,  fo r  a n arbitraril y  curve d objec t  suc h a 
representation  i s a  pxx)re r  (or ,  i n man y cases , 
poor )  representation  o f  th e shap e o f  th e objec t 
Thi s explanatio n als o implie s tha t  recognitio n 
model s (Biederman ,  1987 ;  H u m m el  a n d 
Biederman ,  1992 ;  Lowe .  1985 )  tha t  rely  heavil y 
on th e non-acddenta l  propert y o f  coterminatio n -
anotiie r  nam e fo r  "vertex "  -  ar e limite d becaus e 
smoothl y curve d object s b y definitio n d o no t  hav e 

vertices . 

A c k n o w l e d g e m e n t s 

Thanks to Doug Medin, Mary Lassaline, and John 
Kenned y fo r  discussions ,  t o Dav e Tha u fo r 
programmin g help ,  an d t o Ro b Gelic k fo r  hel p 

^  Surfac e curvatur e (o r  Gaussia n curvature )  i s 
foun d a t  a  give n poin t  b y firs t  findin g th e 
direction s i n whic h th e surfac e curve s mos t  an d 
least ,  an d the n findin g tiie  curvatur e o f  th e curve s 
i n thos e direction s o n th e surfac e an d takin g thei r 
produc t  Fo r  example ,  o n th e surfac e o f  a  c^inde r 
th e directio n i n whic h th e surfac e curve s leas t  i s 
th e directio n parall d t o th e axi s o f  di e cylinde r  -
and th e curvatur e (kl )  i n tiiat  directio n i s zero ;  Ui e 
directio n o f  greates t  curvatur e i s perpendicula r  t o 
tfie  directio n o f  leas t  curvature ,  an d th e curvatur e 
(k2 )  i n tha t  directio n i s th e reciproca l  o f  th e radiu s 
of  th e cylinder .  Sinc e k l  i s  zer o an d k 2 i s 
positive ,  th e surfac e curvatur e (kl*k2 )  i s thu s zer o 
evefywher e o n th e surfac e o f  th e cylinder .  Fo r 
mor e informatio n abou t  surfac e curvature ,  se e 
H o H m an an d Richards ,  1984 . 

^  A s i n th e previou s paragraph ,  I  a m treatin g 
vertice s -  tangen t  discontinuitie s -  a s curvatur e 
maxim a fo r  polyhedra ,  sinc e the y ar e th e onl y 
point s o n polyhedra l  surface s a t  whic h bot h k l 
and k 2 (se e previou s footnote )  ar e non-zero . 

runnin g thi s experimen t  Thi s woi k wa s partiall y 
supporte d b y a  Regents '  Fellowshi p fro m th e 
Universit y o f  Michigan .  Permissio n fo r  us e o f 

figures  fro m Attneave ,  1954 ,  i s no t  neede d 
becaus e materia l  i s no w i n th e publi c domain . 
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