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Optica l  F lo w fo r  Visua l  Speec h Recognitio n 

Michael S. Gray^-^ and Javier R. Movellan^ and Terrence J. Sejnowski^-^ 
Department s o f  Cognitiv e Science ^  an d Biology ^ 

Universit y o f  California ,  Sa n Dieg o 
L a Jolla,C A 9209 3 

and 

Howar d Hughe s Medica l  Institute ^ 
Computationa l  Neurobiolog y Lab ,  Th e Sal k Institut e 

UJo l l a ,C A 9203 7 
{ m g r a y ,  j m o v e l l a n ,  t s e j n o w s k i } S u c s d . e d u 

Int roduct io n 

Visua l  speec h recognitio n i s a  challengin g tas k i n sensor y in -

tegration .  Psychophysica l  wor k b y M c G u r k an d MacDonal d 
(1976 )  firs t  showe d th e powerfu l  influenc e o f  visua l  informa -
tion  o n speec h perceptio n tha t  ha s le d t o increase d interes t  i n 
thi s area .  Fo r  example ,  the y presente d th e speec h soun d / n a — 
no /  wit h th e visibl e articulatio n o f  /p a -  pa/ .  W h e n sub -
ject s wer e aske d t o identif y th e soun d tha t  the y heard ,  man y 
reporte d / m a -  m a / .  Thi s soun d represent s th e bes t  compro -
mis e o f  thes e tw o conflictin g source s o f  informatio n becaus e 
/ m a - m a /  i s simila r  t o / p a - p a /  visually ,  an d / m a - m a /  i s 
simila r  t o /n a — n a /  acoustically .  Mor e generally ,  th e visua l 
signa l  provide s goo d informatio n abou t  plac e o f  articulation , 
but  voicin g an d nasalit y ar e mor e difficul t  t o determine .  Th e 
acousti c signal ,  o n th e othe r  hand ,  ha s goo d informatio n abou t 
voicing ,  bu t  i s  ambiguou s wit h respec t  t o plac e o f  articulation . 

Massar o (1987 )  use d a  fiizz y logi c mode l  t o sho w tha t  th e 
best  explanatio n o f  th e dat a wa s obtaine d whe n th e visua l 
and acousti c informatio n wer e treate d a s independen t  fac -
tors .  I n othe r  words ,  huma n respons e probabilitie s fo r  th e dif -
feren t  combination s o f  visua l  an d acousti c signal s wer e bes t 
describe d a s th e resul t  o f  a  proces s i n whic h eac h modal -
it y make s a n independent ,  multiplicativ e contribution .  Thi s 
propert y o f  th e acousti c an d visua l  signal s i s ofte n referre d 
t o a s conditiona l  independence .  Movella n (i n press )  furthe r 
teste d thi s conditiona l  independenc e assumptio n usin g hidde n 
Marko v models .  H e compare d model s tha t  wer e consti-aine d 
t o utiliz e visua l  an d acousti c informatio n independenti y wit h 
model s tha t  wer e unconstrained .  Becaus e th e optima l  con -
straine d mode l  di d no t  perfor m an y wors e tha n th e optima l 
unconstraine d model ,  w e ca n assum e tha t  th e conditiona l  in -
dependenc e assumptio n holds . 

Current Directions 

Movella n (1995 )  recenti y explore d th e abilit y o f  hidde n 
Marko v model s t o recogniz e spoke n digit s usin g visua l  infor -
matio n alone .  Th e inpu t  representatio n fo r  th e mode l  con -
siste d o f  smoothe d pixe l  intensit y informatio n a t  eac h time 
step ,  a s wel l  a s a  delt a imag e tha t  showe d th e pixe l  b y pixe l 
differenc e betwee n subsequen t  time  steps .  Pea k performanc e 
of  thi s mode l  (89% )  closel y matche d th e result s o f  untraine d 
human subjects . 

I n th e curren t  work ,  a n optica l  flo w representatio n rathe r 

tha n th e delt a imag e wa s used .  Cell s i n are a M S T o f  visua l 
corte x selectivel y respon d t o specifi c  pattern s o f  optica l  flow 
(Duff y &  Wurtz ,  1991) .  Thi s flo w informatio n ha s bee n inter -
prete d a s representin g egomotion ,  bu t  m a y als o b e valuabl e 
fo r  segmentin g independentl y movin g object s (Zeme l  &  Se -
jnowski ,  1995 )  an d recognizin g differen t  pattern s o f  li p move -
ments .  Thi s higher-leve l  visua l  representatio n m a y b e mor e 
resistan t  t o varyin g illununatio n conditions ,  an d othe r  form s 
of  noise ,  tha n th e pixel-base d delt a image . 

Our  optica l  flow  computatio n wa s base d o n th e standar d 
brightnes s constrain t  equation ,  followe d b y thresholding .  Ex -
perimentatio n wit h mor e sophisticate d 2nd-orde r  optica l  flow 
technique s resulte d i n extremel y nois y output ,  presumabl y 
due t o violatio n o f  th e rigidif y consti'aint .  Th e optica l  flow 
representatio n forme d th e inpu t  t o a n H M M whic h wa s traine d 
on spoke n digit s fro m a  databas e o f  1 2 speakers .  Pea k perfor -
mance o f  6 1 % wa s obtaine d wit h a  9-stat e model .  Addin g in -
formatio n abou t  th e acceleratio n o f  li p feature s (difference s i n 
optica l  flow)  resulte d i n a n additiona l  1 0 % improvement . 

References 

Duffy ,  C.J .  &  Wurtz ,  R.H .  (1991) .  Th e sensitivit y o f  M S T 
neuron s t o opti c flow  stimuli .  L  A  continuu m o f  respons e 
selectivit y t o larg e field  stimuli .  Journa l  o f  Neurophysiol -
ogy ,  65 ,  1329-1345 . 

Massaro, D.W. (1987). Speech Perception by Ear and Eye: 
A Paradig m fo r  Psychologica l  Inquiry .  Hillsdale ,  NJ : 
Lawrenc e Erlbau m Associates . 

McGurk, H. & MacDonald, J. (1976). Hearing lips and seeing 
voices .  Nature ,  264 ,  126-130 . 

Movellan, J.R. (1995). \^sual speech recognition with 
stochasti c networks .  I n G .  Tesauro ,  D.S .  Touretzky ,  &  T . 
Lee n (Eds.) ,  Advance s i n Neura l  Informatio n Processin g 
System s 7  (pp .  851-858) .  Cambridge ,  M A :  M I T Press . 

Movellan, J.R. (in press). Channel separability in the audio 
visua l  integratio n o f  speech :  A  Bayesia n approach . 

Zemel, R.S. & Sejnowski, T.J. (1995). Grouping components 
of  three-dimensiona l  movin g object s i n are a M S T o f  visua l 
cortex .  I n G .  Tesauro ,  D.S .  Touretzky ,  &  T .  Lee n (Eds.) , 
Advance s i n Neura l  Informatio n Processin g System s 7  (pp . 
165-172) .  Cambridge ,  M A :  M I T Press . 

771 


	cogsci_1996_771



