
Pr imi t ive s a s a  basi s fo r  m o v e m e n t  synthesi s 

Simon F. Giszter 
Depau-tmen t  o f  Neurobiolog y k  Anatom y 

Medica l  Colleg e o f  Pennsylvani a an d Hahneman n Universit y 

Philadelphi a P A 1912 9 
simonC8vainpthiiig.medcolpa.ed u 

Abstrac t 

Recent data from spinal frogs and mammals suggests 
tha t  movement s ma y b e constiucte d fio m a  standar d 
set  o f  primitive s whic h represen t  posture s an d forc e pat -
tern s aroun d postures .  Thes e postura l  primitive s ma y 
be combine d fo r  movemen t  synthesi s an d ma y ab o inter -
act  non-linearly .  Ne w dat a show s tha t  th e se t  o f  primi -
tive s ma y ak o contai n o f  a  collectio n o f  member s whic h 
encapsulat e aspect s o f  movemen t  contro l  an d dynam -
ics .  Th e linea r  interactions ,  non-linea r  interactions ,  an d 
dynami c control s provid e a  mean s o f  bootstrappin g mo -
to r  leariung .  Th e non-linea r  interaction s enabl e a  basi c 
patter n generato r  an d a  refle x functionalit y whic h ca n 
be parameterize d an d modifie d fo r  elaboratio n o f  mor e 
comple x behaviors . 

P o s t u r a l  P r i m i t i v e s 

Initia l  evidenc e fo r  postura l  primitive s ha s bee n obtaine d 
i n frog s b y microstimulatio n o f  spina l  cor d an d exami -
natio n o f  refle x spina l  mechanism s (Bizz i  e t  al .  1991 , 
Giszte r  e t  al .  1993) .  A  fe w type s o f  force-field s wer e 
foun d represente d i n th e fro g spina l  cord .  Mor e recentl y 
Tresc h an d Bizz i  (1995 )  hav e extende d thi s t o th e ra t 
spina l  cord .  T h e conservatio n o f  thes e organization s 
throug h tetrapo d phylogen y suggest s a n importan t  rol e 
i n th e organizatio n o f  movement .  I t  seem s clea r  tha t  th e 
postura l  primitive s represen t  element s o f  reflexes .  Mi -
crostimulatio n als o showe d tha t  th e differen t  force-field s 
represente d b y primitive s coul d b e combine d a s vecto r 
sums.  Th e importan t  rol e o f  suc h a  mechanis m i n move -
ment  synthesi s wa s suggeste d b y a  theoretica l  analysi s 
by Mussa-Ivald i  (1992) ,  an d simulation s o f  Mussa-Ivald i 
an d Giszte r  (1992 )  whic h showe d arbitrar y force-field s 
coul d b e synthesise d b y appropriat e combinatio n o f  con -
servativ e an d circulatin g basi s fields.  Thi s analysi s sug -
geste d tha t  th e fe w primitive s obtaine d i n th e fro g spina l 
cor d coul d for m a  substantia l  underpinnin g o f  a  larg e an d 
extensibl e repertoir e o f  behaviors . 

Convergent force-fields and Parallel 
force-field s 

Convergen t  force-field s an d paralle l  force-field s wer e ob -
serve d i n th e se t  o f  primitive s locate d i n fro g spina l  cor d 
but  circulatin g basi s fields  wer e absent .  I t  ha s bee n 

pointe d ou t  b y Hogan ,  Colgat e an d other s tha t  non -
conservativ e force-field s m a y caus e instabilit y  whe n cou -

ple d t o som e environments .  Thei r  wor k suggest s tha t 

conservativ e o r  paralle l  fields  o f  th e fro g wil l  guarante e 
lim b stabilit y i n passiv e environments .  Th e us e o f  suc h 

fields  fo r  cycli c limi t  cycl e lim b motion s a s fo r  exampl e 
i n swimming ,  crawling ,  o r  h u m a n locomotio n o r  bicy -
clin g mus t  entai l  sequencin g an d dynami c activatio n o f 
thes e conservativ e fields  an d m a y us e intrinsi c dynamic s 
of  primitives . 

Dynamic controls 

We hav e examine d th e dynamic s o f  interactio n o f  th e 
primitive s wit h differen t  environment s an d thei r  contro l 
and timin g i n refle x behaviors .  Result s remai n consis -
ten t  wit h th e ide a o f  primitiv e a s a  basi s fo r  movemen t 
synthesi s bu t  exten d th e ide a beyon d stati c controls . 

Reflex synthesis 

Th e refle x behavior s utiliz e al l  aspect s o f  primitive s in -
cludin g non-linea r  interactions .  I n fac t  th e non-linea r 
role s m a y b e essentia l  fo r  synthesi s o f  reflexes .  Dynami c 
patter n generatin g model s base d aroun d th e model s o f 
Maes (1991 )  fo r  actio n synthesi s aui d selectio n ca n b e 
use d t o replicat e severa l  phenomen a o f  refle x behavior s 
(Giszter ,  1994) .  Th e primitive s i n reflexe s an d th e se -
quenc e generatin g mechanism s utilizin g the m mus t  b e 
appropriatel y subsume d b y an y highe r  leve l  control s an d 
learning .  Th e model s usin g Mae s net s demonstrat e th e 
importanc e o f  exclusion ,  an d flexible  dynami c chainin g 
i n flexible  adapte d refle x responses . 

General movement 

Th e schem e suggeste d b y th e neurophysiologica l  dat a 
and analysi s an d simulatio n ha s tie s t o bot h roboti c sub -
sumptio n architecture s an d basi s functio n approxima -
tion .  I n thi s schem e a  laye r  o f  circuitr y tha t  represent s 
primitive s an d encapsulate s force-fiel d structure ,  force -
field  dynamic s an d environmenta l  interaction ,  i s  playe d 
upo n bot h b y patter n generato r  system s an d descendin g 
controls .  Thes e tw o system s mus t  cooperat e throug h 
vecto r  summatio n o f  primitive s an d arbitratio n o f  ac -
ces s t o primitive s i n orde r  t o generat e usefu l  purposiv e 
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movement .  Moto r  learnin g i s likel y t o involv e cooper -
ativ e learnin g an d adaptatio n i n primitives ,  generator s 

and highe r  orde r  controls .  Th e organizatio n o f  a  syste m 
base d aroun d situate d primitive s guarantee s a n adapte d 
initia l  functionalit y whic h m a y for m a n importan t  boot -
stra p fo r  moto r  learning .  Thi s initia l  functionalit y i s 
likel y t o b e extensibl e a t  eac h leve l  o f  organization . 
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