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A b s t r a c t 

Facial expressions are vital communicators of emo-

tions ,  an d i t  i s i n partia l  respons e t o thes e ex -

pression s tha t  w e innatel y an d accuratel y discer n 

th e emotiona l  state s o f  thos e aroun d us .  Thi s pa -

per  identifie s th e activatabl e facia l  feature s tha t 

for m th e languag e o f  emotiona l  expressio n i n th e 

face ,  an d th e se t  o f  emotion s tha t  eac h suc h fea -

tur e tend s t o express .  Finally ,  i t  i s  show n ho w 

th e faul t  lattic e perceptio n theor y [6 ]  ca n b e 

used t o comput e th e emotio n bein g registere d o n 
a face ,  give n th e configuratio n o f  th e salien t  fea -

tures .  I t  i s  posite d tha t  th e abilit y  o f  a  compute r 

t o mak e suc h interpretation s woul d significantl y 

enhanc e human-compute r  interaction . 

1 Introduction 

The ability of the human face to express a wide 

rang e o f  emotion s i s wel l  supported.[2 ,  4 ,  3 ,  1 ]  Th e 

fac e i s stimulu s an d respons e i n one ,  a  remarkabl y 

effectiv e an d versatil e communicator ;  h u m a n facia l 

muscle s ar e sufficentl y comple x t o produc e mor e 
tha n a  thousan d differen t  facia l  appearances .  [2 ] 

Our  impression s o f  th e facia l  expression s o n thos e 

wit h w h o m w e interac t  i s  s o seemingl y innate ,  an d 

th e communicatio n o f  emotiona l  informatio n s o 

useful ,  tha t  a  specialize d cognitiv e syste m m a y 

hav e evolve d whic h i s  capabl e o f  discriminatin g 
facia l  expression s an d makin g inference s abou t 

them.[5 ]  Constructin g a  simila r  syste m fo r  us e a t 

th e computer-huma n interfac e seem s beneficial . 

I t  i s  currentl y possibl e t o communicat e wit h a 

properl y equippe d compute r  syste m throug h th e 

use o f  speech ,  han d gestures ,  an d ey e movement s 

(i n additio n to ,  o f  course ,  keyboar d an d mous e in -
put) ,  al l  o f  whic h contribut e t o a  natural ,  human -

lik e communicatio n environment .  Bestowin g upo n 

th e compute r  th e abilit y  t o interpre t  facia l  expres -

sion s woul d enric h human-compute r  communica -

tio n eve n more ,  a s i t  woul d allo w th e compute r 
t o becom e sensitiv e t o th e emotiona l  stat e o f  it s 

h u m an user . 

H u m a ns supplemen t  thei r  understandin g o f  fa -

cia l  expression s wit h contextua l  knowledg e gaine d 

throug h interactio n an d observation .  I t  i s  rar e 

tha t  w e ar e expecte d t o interpre t  a  person' s emo -

tiona l  stat e strictl y b y th e examinatio n o f  hi s o r 

her  fac e alone .  W e hav e th e luxur y o f  bein g abl e t o 

assimilat e othe r  subtl e ye t  importan t  clue s suc h a s 

a person' s ton e o f  voic e an d bod y movements ,  a s 
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wel l  a s an y externa l  stimul i  tha t  m a y affec t  a  per -

son' s emotiona l  state .  T h e sceneiri o fo r  th e com -

pute r  i n thi s paper ,  however ,  i s  fa r  mor e simplis -

tic .  Here ,  th e compute r  i s  assigne d th e tas k o f 

determinin g th e user' s emotiona l  stat e (perhap s 

withi n th e underlyin g contex t  o f  ascertainin g th e 

user' s respons e t o informatio n bein g provide d b y 

th e computer )  b y examinin g a  "snapshot' '  o f  th e 

user' s face .  Adequat e visio n processin g technolog y 

i s assumed . 

T h e faul t  lattic e percept io n theor y [6 ] 

serve s a s th e theoretica l  basi s fo r  development . 

T h e theor y seem s particularl y wel l  suite d t o thi s 

problem ,  since ,  a s w e shal l  see ,  emotione d expres -

sio n i s a  systemati c resul t  o f  describabl e facia l  fea -

ture s (givin g ris e t o a  ric h se t  o f  premises) . 

2 T h e L a n g u a g e o f  E m o t i o n s 

The manifold facial expressions can be decom-

pose d int o gros s categorie s correspondin g t o a 

handfu l  o f  general ,  primar y emotion s tha t  peopl e 

ar e capabl e o f  readil y perceiving .  Th e primar y 

emotion s ca n b e labele d mor e o r  les s adequatel y b y 

th e seve n term s happiness ,  surprise ,  fear ,  sad -

ness ,  anger ,  disgust ,  an d interest.[1 ]  Th e fac e 

itsel f  ca n b e separate d int o it s  constituen t  part s 

(brows ,  eyes .  lips ,  etc. )  th e relativ e arrangement s 

of  whic h ar e likel y t o b e simila r  an d consisten t 

withi n a n emotio n category . 

2. 1 F e a t u r e s 

What are the features of a given facial configu-

ratio n tha t  le<i d observer s t o perceiv e th e expres -

sio n o f  a  particula r  emotion ? T o answe r  this ,  w e 

must  firs t  develo p a  taxonom y o f  facia l  feature s 

and thei r  possibl e states. * 

'Th e lis t  o f  feature s i s a n adaptatio n o f  th e Actio n 
Unit s o f  th e Facia l  Actio n Codin g Syste m give n i n [3] . 
Actio n Units ,  however ,  ar e anatomica l  processes ,  wherea s 
th e feature s I  lis t  ar e stati c states . 

Fl :  b r o w ^  ca n b e bl :  neutral ,  b2 :  raised ,  b3 : 

lowere d 

F2: eyes can be el: open (neutral), e2: wide 

open ,  e3 :  slit ,  e4 :  closed ,  e5 :  tightl y close d 

F3: nose can be nl: neutral, n2: wrinkled, n3: 

flare d (nostrils ) 

F4: lips can be 11: open or wide open, 12: pushed 

out ,  13 :  curve d up ,  14 :  curve d down ,  15 :  close d 

(neutral) ,  16 :  tightl y close d 

F5: jaw can be jl: neutral, j2: pushed forward. 

j3 :  droppe d 

The feature knowledge (Fl through F5) serves 

as a  cor e axio m whe n th e faul t  lattic e perceptio n 

theor y i s  applied .  Not e tha t  eac h o f  th e fiv e fea -

ture s ha s a  neutra l  state . 

T h e reade r  m a y wonde r  wh y th e teet h ar e no t 

include d a s a  significan t  facia l  feature .  A s i t  hap -

pens ,  I  originall y include d them ,  bu t  soo n discov -

ere d thei r  stat e o n th e fac e t o b e jus t  a s accuratel y 

describe d l) y th e lip s an d jaw .  Furthermore ,  i t 

turn s ou t  tha t  fo r  nearl y ever y on e o f  th e emo -

tion s (below) ,  i t  i s  acceptabl e fo r  th e teet h t o b e 

eithe r  ope n o r  closed ,  makin g the m a  rathe r  use -

les s indicator ! 

2.2 Expressions 

The aggregate states of the five facial features form 

th e overal l  facia l  expression .  Le t  u s no w se e ho w 

eac h o f  th e seve n primar y emotion s i s  typicall y 

expresse d b y th e featur e states. ^  I t  i s  fro m thes e 

description s tha t  usefu l  premise s aris e fo r  us e i n 

th e faul t  lattic e perceptio n theory . 

happiness: brow raised, eyes neutral or slit^. 

nos e neutral ,  lip s curve d up ,  j a w neutral . 

^To simplif y mailers .  1  us e ih e ler m bro w i n referenc e 
t o bot h eyebrows ,  wit h th e assumptio n tha t  the y ar e inca -
pabl e o f  movin g independentl y o f  eac h other . 

•"Thes e description s ar e adapte d fro m [A ]  an d [i] . 
""Th e eye s ofte n appea r  sli t  i n a  happ y expressio n a s a 

resul t  o f  th e intensit y o f  th e smile . 
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surprise :  b r o w raised ,  eye s wid e open ,  nos e 

neutral ,  lip s ope n o r  wid e open ,  j a w neutra l 

or  dropped . 

fear: brow neutral or lowered, eyes closed or 

tightl y closed ,  nos e wrinkled ,  lip s ope n o r 

wid e open ,  j a w neutral . 

sadness: brow neutral or lowered, eyes neutral 

or  slit ,  nos e neutral ,  lip s closed ,  curve d d o w n 

and pushe d out ,  j a w neutra l  o r  dropped . 

anger: brow lowered, eyes wide open or slit, 

nos e wrinkle d o r  flared,  lip s tightl y closed , 

or  wid e open ,  j a w pushe d forward . 

disgust: brow lowered, eyes slit or closed, nose 

wrinkle d an d flared,  lip s curve d d o w n an d 

pushe d out ,  j a w neutra l  o r  dropped . 

interest: brow neutral or lowered, eyes neutral 
or  slit ,  nos e neutral ,  lip s closed ,  j a w neutral . 

A neutral face is one in which all features are 

i n thei r  neutra l  states .  A s i t  happens ,  th e expres -

sio n o f  interes t  i s  compose d almos t  entirel y o f 
neutra l  facia l  features ,  thereb y makin g i t  a  goo d 

candidat e fo r  th e ''default "  perception ,  th e inter -

pretatio n chose n i n th e even t  tha t  non e othe r  i s 

stronger .  Th e practica l  resul t  i s  tha t  a  neutra l  fac e 

may b e perceive d a s expressin g interest ,  an d thi s 
i s likel y t o hav e n o effec t  whatsoeve r  o n th e inter -

actio n betwee n h u m a n an d compute r  — i t  shoul d 

be fai r  t o assum e tha t  i f  th e use r  i s expressin g 

no obviou s emotio n abou t  th e informatio n bein g 

provide d b y th e computer ,  the n h e o r  sh e i s a t 
th e ver y leas t  interested .  I t  i s  fo r  thi s reciso n tha t 

th e concep t  o f  th e neutra l  expressio n ca n safel y b e 

disregarde d i n favo r  o f  interes t  whe n orderin g in -

terpretations .  However ,  th e compute r  i s likel y t o 

requir e a n initia l  "snapshot "  o f  th e user' s neutra l 

fac e agains t  whic h t o compar e late r  image s t o de -
termin e th e degre e o f  chang e i n th e variou s featur e 

states . 

2.2. 1 Categorie s 

The seven primjiry emotions are grouped into 

tw o categories ,  pleasan t  (happiness ,  interest , 

surprise^ )  an d unpleasan t  (fear ,  sadness ,  anger , 
disgust) .  Certai n featur e state s ar e exclusiv e t o 

pleasan t  emotions : 

b2: raised brow 

13: upwardly curved lips 

while certain others are exclusive to unpleasant 

ones : 

e4: closed eyes 

e5: tightly closed eyes 

n2: wrinkled nose 

n3: flared nose 

12: outwardly pushed lips 

14: downwardly curved lips 

16: tightly closed lips 

j2: forwardly pushed jaw 

Thus it is often possible to narrow down the 
choice s fo r  a  give n expressio n b y checkin g fo r  th e 

presenc e o f  th e exclusiv e features .  Eve n thoug h 

mor e direc t  mapping s (i n th e for m o f  th e featur e 

stat e description s give n above )  ar e alread y a t  ou r 

disposal ,  the y d o no t  alway s lea d t o th e confiden t 

impressio n o f  a  singl e primar y emotion .  T h e ex -

clusiv e features ,  whe n present ,  allo w u s t o choos e 

betwee n interpretation s fro m th e differen t  cate -
gories . 

^Whethe r  o r  no t  surpris e ca n b e sai d strictl y t o b e a 
pleasan t  emotio n i s debatabl e (see ,  fo r  example ,  [4] ,  a s wel l 
as th e Conclusion s sectio n o f  thi s paper) .  I t  does ,  however , 
see m reasonabl e i n th e contex t  o f  th e human-compute r  in -
terfac e unde r  discussio n here . 
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2.2. 2 B lend s 

There is some controversy surrounding the concept 

of  lega l  emotiona l  blend s i n facia l  expressions .  [2 , 

1,  3 ]  Surely ,  i t  i s  possibl e t o hav e tw o emotion s 

blende d i n th e sam e expressio n — yo u ca n b e 

bot h happ y an d surprised ,  fo r  exampl e — and , 

i t  seems ,  blend s m a y eve n b e mor e coimno n tha n 

singl e emotion s i n expressions .  [2 ] 

However ,  i t  i s  no t  clea r  precisel y whic h emo -

tion s ca n o r  canno t  b e blended ,  owin g t o th e fac t 

tha t  fe w o f  th e seve n primar y emotion s have ,  i n 

th e remainin g six ,  a  direc t  opposit e wit h whic h 

a blen d ca n confidentl y b e calle d illegal .  Further -

more ,  th e description s o f  blend s ca n b e fairl y com -

ple x (i s th e bro w o f  on e emotio n blende d wit h 

th e lip s o f  anothe r  t o b e considere d identica l  t o 

th e lip s o f  th e first  blende d wit h th e bro w o f  th e 

second?).[2 ]  I t  doe s no t  see m wise ,  therefore ,  t o at -

temp t  t o enumerat e i n detai l  al l  th e possibl e emo -

tiona l  blend s o r  th e facia l  feature s tha t  contribut e 

t o thes e expressions .  W h a t  doe s see m plausible , 

though ,  i s tha t  emotiona l  blend s acros s th e pleas -

ant/unpleasan t  boundar y ar e extremel y unlikel y 

— a  blen d o f  happines s an d sadnes s i s a n obvi -

ous exampl e — an d i t  i s  thi s notio n tha t  w e shal l 

adop t  a s a  cor e axiom . 

3 A p p l y i n g th e T h e o r y 

To invoke the fault lattice perception theory we 

must  first  enumerat e th e infallibl e cor e eixiom s an d 

th e fallibl e premises . 

3.1 Core Axioms (not fallible) 

Much of the foregoing is embodied in the core ax-

ioms .  Interpretation s a t  odd s wit h th e axiom s ar e 

regarde d ci s inconsistent . 

Al: Accept the feature knowledge Fl through F5. 

A2: A neutral expression is interchangeable with 

an expressio n o f  interest . 

A3:  Accep t  th e pleasant/unpleasan t  categoriza -

tio n o f  th e emotions ,  an d th e exclusiv e fea -

tures . 

A4: A viewed facial expression is a truthful repre-

sentatio n o f  on e o f  th e seve n emotion s liste d 

above ,  o r  a  blend . 

A5: A pleasant emotion cannot be blended with 

an unpleasan t  emotion . 

3.2 Premises (fallible) 

Each of the premises consists of a feature state 

paire d wit h th e emotio n o r  emotion s tha t  i t  seem s 

most  likel y t o indicat e i n al l  case s . ^  Th e premise s 

ar e constructe d s o tha t  al l  seve n primar y emo -

tion s ar e indicate d b y a t  leas t  on e o f  th e state s 

of  som e facia l  feature .  Tha t  is ,  fo r  eac h facia l  fea -

tur e (brow ,  eyes ,  etc.) ,  ther e i s a t  leas t  on e stat e 

(raised ,  lowered ,  etc. )  tha t  indicate s a  give n emo -

tion .  Althoug h thi s m a y see m t o b e a n unwar -

rante d an d fairl y larg e reductio n i n th e amoun t  o f 

know n information ,  i t  mus t  b e note d tha t  som e o f 

th e facia l  featur e state s liste d i n th e description s o f 

th e seve n primar y emotion s i n th e previou s sectio n 

ar e somewha t  tenuou s an d d o no t  alway s appl y a s 

typicall y a s others ,  s o thei r  inclusio n her e coul d 

lea d t o errors .  Also ,  human s see m t o find  i t  quit e 

eas y t o discer n th e emotion s give n onl y a  partia l 

vie w o f  th e face ,  indicatin g tha t  onl y certai n facia l 

feature s ar e necessar y t o creat e th e expression .  [3 ] 

Thu s i t  seem s prope r  simpl y t o choose ,  fo r  eac h 

facia l  featur e state ,  th e emotio n o r  emotion s wit h 

whic h th e featur e stat e i s mos t  closel y identified . 

Bl: A neutral brow indicates interest or sadness. 

B2: A raised brow indicates surprise or happiness. 

33: A lowered brow indicates anger, fear, or dis-

gust . 

El: Neutral eyes indicate interest or happiness. 

^  Again ,  thes e choice s ar e adapte d fro m [4 ]  an d [3] ,  an d 
ar e formulate d i n par t  b y m y ow n subjectiv e opinions . 
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E2:  Wid e ope n eye s indicat e surprise . 

E3: Slit eyes indicate anger or sadness. 

E4: Closed eyes indicate disgust. 

E5: Tightly closed eyes indicate fear. 

Nl: A neutral nose indicates happiness, interest, 

surpris e o r  sadness . 

N2: A wrinkled nose indicates anger, disgust or 

fear . 

N3: A flared nose indicates anger. 

LI: Open or wide open lips indicate surprise or 

fear . 

L2: Pushed out lips indicate disgust. 

L3: Upwardly curved lips indicate happiness. 

L4: Downwardly curved lips indicate sadness. 

L5: Closed lips indicate interest. 

L6: Tightly closed lips indicate anger. 

Jl: Neutral jaw indicates happiness, interest, or 

fear . 

J2: Forwardly pushed jaw indicates anger. 

J3: Dropped jaw indicates surprise, disgust, or 

sadness . 

3.3 Ordering Interpretations 

The list of premises may seem formidable, but only 

a handfu l  o f  the m (five )  ar e i n us e a t  a  time .  A n y 

featur e (b l  -  j3 )  presen t  o n th e fac e unde r  exam -

inatio n activate s th e correspondin g premis e (B l  -

J3) .  Premise s base d o n othe r  featur e state s ar e 

irrelevant .  T o accep t  a  premis e mean s t o assert , 

obviousl y enough ,  tha t  th e featur e stat e indicate s 

one o f  th e name d emotions ,  an d t o faul t  a  premis e 

means t o asser t  tha t  th e featur e stat e doe s no t 

"̂ S 

f 

Figur e 1 :  Expressio n o f  surprise . 

indicat e an y o f  th e name d emotions .  T h e accep -

tanc e o r  faultin g o f  th e activate d premise s i n var -

iou s combination s lead s t o interpretation s o f  vari -

ous emotions .  Th e labe l  (emotion )  assigne d t o a n 
interpretatio n i s th e emotio n o r  emotion s (i f  any ) 

c o m m on t o al l  accepte d premises ,  an d no t  forbid -

den b y th e faulte d premises . 

Conside r  th e photograp h i n Figur e 1 .  Th e 

(somewha t  exaggerated )  expressio n o n thi s man' s 

fac e is ,  accordin g t o it s source ,  universall y per -

ceive d a s surprise.[2 ]  Thus ,  i f  ou r  premise s ar e 
sound ,  th e faul t  lattic e perceptio n theor y shoul d 

yiel d surpris e a s a  loca l  m a x i m u m i n th e lattice . 

To begin ,  th e fac e i s e.xamine d fo r  th e presenc e 

of  ke y features .  Eve n th e mos t  superficia l  glanc e 

at  th e expressio n i n Figur e 1  reveal s th e followin g 

features : 

b2: raised brow 

e2: wide open eyes 

nl: neutral nose 
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U:  wid e ope n lip s 

j3: dropped jaw 

Consequently, the following premises are £icti-

vated : 

B2: A rmsed brow indicates surprise or happiness. 

E2: Wide open eyes indicate surprise. 

Nl: A neutral nose indicates happiness, interest, 

surpris e o r  sadness . 

LI: Open or wide open lips indicate surprise or 

fear . 

J3: Dropped jaw indicates surprise, disgust, or 

sadness . 

Let us proceed by attempting to formulate a 

plausibl e interpretatio n whil e cissumin g tha t  al l  o f 

our  assumption s abou t  th e worl d ar e incorrec t  -

tha t  is .  whe n al l  fiv e o f  th e activate d premise s ar e 

faulted . 

Faultin g premis e B 2 mean s tha t  a  raise d bro w 

(or ,  mor e specifically ,  th e raise d bro w i n Figur e 1 ) 

indicate s neithe r  surpris e no r  happiness ;  fault -

in g E 2 mean s tha t  wid e ope n eye s d o no t  indi -

cat e surprise ;  an d s o o n fo r  th e remainin g ac -

tiv e premises .  Thus ,  whe n al l  o f  th e premise s 

ar e faulted ,  th e interpretatio n ca n b e neithe r  sur -

prise ,  happiness ,  interest ,  sadness ,  fear ,  no r 

dbgus t .  Consequently ,  invalidatin g ou r  worldl y 

assumption s lead s u s t o th e conclusio n tha t  th e 

fax: e i n Figur e 1  bear s a n expressio n o f  anger . 

th e onl y emotio n no t  explicitl y  forbidde n b y th e 

faulte d premises ! 

We ar e bound ,  however ,  b y cor e axiom s A 3 an d 

A 5 whic h tel l  u s infallibl y tha t  certai n facia l  fea -

ture s (i n thi s rase ,  b2 :  raise d brow )  ar e exclusiv e 

t o pleasan t  eniurions ,  or ,  conversely ,  tha t  the y ca n 

neve r  appea r  o n expression s o f  unpleasan t  emo -

tion s (i n thi s case ,  anger) .  Th e result ,  then ,  i s 

tha t  ange r  i s a n inconsisten t  intrepretation .  Thi s 

give s u s a t  leas t  a  littl e confidenc e i n th e soundnes s 

of  ou r  premises ,  s o le t  u s no w se e wha t  happen s 

when w e accep t  jus t  on e o f  them . 

Acceptin g B 2 mean s tha t  th e raise d bro w indi -

cate s surpris e o r  happiness .  Neithe r  o f  thes e 

i s ye t  a  plausibl e interpretation ,  however ;  eac h 

i s rule d ou t  b y on e o r  mor e o f  th e remainin g 

(faulted )  premises .  Mor e precisely ,  happines s i s 

inconsisten t  wit h N l  (which ,  bein g faulted ,  for -

bid s th e happines s interpretation ,  a m o n g oth -

ers) ,  an d surpris e i s inconsisten t  wit h al l  th e re -

mainin g premise s (which ,  bein g faulted ,  summar -

il y  forbi d th e surpris e interpretation) .  Thus ,  ac -

ceptin g onl y B 2 lead s t o a n inconsisten t  interpre -

tatio n t o whic h w e canno t  assig n a  label .  I t  shoul d 

als o b e obviou s tha t  acceptin g onl y E 2 lead s t o th e 

ver y sam e sor t  o f  inconsisten t  interpretation . 

But  wha t  happen s whe n w e accep t  onl y N l ? 

Thi s mean s tha t  th e neutra l  nos e indicate s sur -

prise ,  happiness ,  interes t  o r  sadness ,  on e o f 

which ,  namel y interest ,  i s  no t  forbidde n b y an y 
of  th e reniaiuiii g (faulted )  premises ,  no r  i s i t  incon -

sisten t  wit h an y o f  th e cor e aixioms .  Thu s w e ar e 

abl e t o assig n a  labe l  o f  interes t  t o th e interpre -

tatio n i n whic h N l  i s th e onl y accepte d premise . 

Thoug h continuin g t o enumerat e th e res t  o f  th e 

32 possibl e combination s o f  accepte d an d faulte d 

premise s woul d b e a n instructiv e exercise ,  i t  soo n 

becomes clea r  tha t  th e proces s i s unnecessaril y  te -

dious .  I t  i s  straightforwar d enoug h simpl y t o ex -

amin e th e set s o f  emotion s indicate d b y th e ac -

tivate d premise s an d decid e b y inspectio n whic h 

combination s ar e interestin g an d lea d t o plausi -

bl e interpretations .  Fo r  example ,  i t  i s  eas y t o se e 

tha t  acceptin g B 2 an d N l  togethe r  lead s t o th e 

interpretatio n o f  happiness ,  sinc e thi s emotio n i s 

indicate d b y bot h premise s an d forbidde n b y non e 

of  th e others .  Th e faul t  lattic e fo r  th e expressio n 

i n Figur e 1  whic h w e hav e bee n studyin g appear s 

i n Figur e 2 .  M a n y o f  th e unlabele d node s ar e no t 

shown .  Not e that ,  a s wa s hoped ,  surpris e doe s 

indee d tur n ou t  t o b e a  maxima l  node . 

Th e expressio n i n Figur e 1  wa s nic e t o us ;  i t  wa s 

exaggerate d enoug h t o trigge r  th e featur e state s 

beyon d an y doubt .  However ,  i n th e majorit y .o f 
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Figur e 2 :  Faul t  lattic e fo r  th e expressio n i n F igur e 
1. 

F igur e 3 :  Express io n o f  intens e a n g e r . 

th e face s w e se e (unlik e thos e typicall y use d i n 
subjectiv e studies )  th e facia l  feature s ar e quit e 

subtle .  W e hav e assume d tha t  ou r  compute r  ha s 

on han d a  "snapshot "  o f  th e user' s neutra l  fac e 

agains t  whic h t o compar e late r  "snapshots" '  o f  th e 

same use r  t o determin e th e amoun t  o f  chang e i n 
th e features ,  an d w e ca n furthe r  cissum e tha t  thi s 

compariso n proces s i s carrie d ou t  a t  th e resolutio n 

necessar y t o detec t  suc h subtleties .  Fo r  th e pur -

pose s o f  thi s paper ,  however ,  al l  w e hav e t o g o o n 

ar e ou r  ow n judgements ,  becaus e w e ar e no t  al -

ways provide d wit h neutra l  "snapshots "  fo r  com -
parison .  W e mus t  therefor e tak e car e no t  t o le t 

our  judgement s o f  th e facia l  feature s b e biase d b y 

our  expectations . 

Again ,  ther e wa s littl e doub t  abou t  ou r  choice s 

fo r  th e expressio n i n Figur e 1 ,  bu t  conside r  th e 

expressio n i n Figur e 3 .  describe d b y it s sourc e a s 

intens e anger .  [2 ]  Th e feature s o n thi s fac e ar e quit e 

subtle ,  bu t  i t  seem s saf e t o sa y tha t  th e bro w i s 
neutral ,  th e eye s ar e slit ,  th e lip s ar e tightl y closed , 

an d th e ja w i s neutral .  Th e nose ,  however ,  coul d 
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be neutraJ ,  bu t  i t  coul d b e flared,  too .  It' s jus t  no t 

possibl e t o tel l  fro m thi s on e photograph .  Ceirry -

in g ou t  th e einalysi s a s i f  th e nos e i s neutra l  (usin g 

premis e N l )  result s i n a  lattic e (no t  shown )  i n 

whic h ange r  i s no t  th e maxima l  node ,  bu t  i s  a 

loca l  m a x i m u m .  Th e lattic e i n whic h th e nos e i s 

take n t o b e flared  i s show n i n Figur e 5 ,  an d i n it , 

ange r  i s th e maxima l  consisten t  node .  Th e cas e i n 

whic h n o premise s ar e faulte d i s unlabeled ,  sinc e 

ther e i s n o emotio n c o m m o n t o al l  premises .  Fur -

thermore ,  th e lip s ar e take n t o b e tightl y closed , 

an d sinc e thi s featur e i s  exclusiv e t o unpleasan t 

emotions ,  the n interpretation s o f  pleasan t  emo -

tion s ai e inconsisten t  b y cor e axiom s A 3 an d A 5 . 

For  example ,  i n th e cas e wher e J l  i s th e onl y ac -

cepte d premise ,  th e interpretatio n i s a  don' t  know . 

a tos s u p betwee n fea r  an d happiness .  Sinc e 

happines s i s a  pleasan t  emotion ,  however ,  i t  i s in -

consistent ,  s o thi s nod e ca n b e labele d fear .  Th e 

same situatio n exist s i n th e five-fault  ca.s e wit h 

disgus t  an d surprise . 

4 Conc lus ion s 

The premises the we have adopted for use in this 

exercis e see m t o b e fairl y sound ,  an d hav e gener -

ate d lattice s i n whic h th e expecte d interpretation s 

ar e a t  leas t  loca l  nicixima .  X  mor e robus t  analysi s 

migh t  conside r  mor e comple x premise s tha t  ac -

coun t  fo r  th e meaning s o f  certai n combination s o f 

fawria l  featur e states ,  o r  tha t  us e mor e granularit y 

i n th e description s o f  th e featur e state s themselves . 

Althoug h cor e axiom s A 3 an d A 5 see m t o b e 

exceptionall y usefu l  i n preventin g obviousl y in -

correc t  interpretation s fro m becomin g .consisten t 

perceptions ,  th e notion s o f  exclusiv e feature s an d 

plecisant/unpleasan t  categorization s ar e i n som e 

ways to o restrictive .  Mor e precisely ,  ther e ar e sit -

uation s i n whic h i t  doe s no t  see m wis e t o relegat e 

surpris e an d interes t  strictl y t o th e pleasan t  cat -

egory ,  thu s makin g the m unabl e t o b e blende d 

wit h unpleasan t  emotions .  Indeed ,  thes e tw o emo -

tion s ca n almos t  b e though t  o f  a s measure s fo r  th e 
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remainin g five,  level s o f  saturatio n alon g a  contin -

uum,  alway s presen t  t o som e degre e i n ever y face . 

I n thi s respect ,  greate r  precisio n m a y b e require d 

i n th e categorizatio n o f  emotions ,  an d th e deter -

minatio n o f  lega l  blends . 

I t  ha s bee n assume d throughou t  thi s pape r  tha t 

th e compute r  syste m attemptin g t o rea d th e ex -

pressio n o f  it s  use r  i s doin g s o withou t  regar d fo r 

any othe r  form s o f  input ,  an d withou t  th e us e o f 

any higher-leve l  reasoning .  I t  doe s see m entirel y 

plausible ,  however ,  t o progra m a  syste m t o mak e 

use o f  contextua l  clue s suc h a s wha t  th e use r  says , 

ho w th e res t  o f  th e user' s bod y moves ,  an d th e 

sor t  o f  reactio n tha t  th e informatio n bein g pro -

vide d b y th e compute r  i s likel y t o illici t  bjise d o n 
genera l  expectations ,  o r  a  knowledg e o f  ho w thi s 

particula r  use r  ha s reacte d i n simila r  situation s i n 

th e past . 

I n summary ,  th e analysi s o f  facia l  expression s 
i s certainl y no t  a n exac t  science ,  bu t  th e result s 

shown her e indicat e tha t  i t  i s  possibl e t o correctl y 

interpre t  emotio n b y examinin g th e configuratio n 
of  certai n facia l  features .  Th e decisiv e tas k i s t o 

compose a  ric h se t  o f  premise s tha t  accuratel y de -

scrib e th e relationship s betwee n th e feature s an d 

th e emotion s the y indicate . 
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