
UHY I S I T EASY T O CONTROL YOUR ARHS7 
Pete r  H .  Green * 

Conputt r  Scienc e Oipartnen t 
Illinoi s Inititut *  o f  Tochnoloj y 

Chicigo ,  Illinoi s iOi\ i 

Hon ca n ou r  nervou s systen s contro l  al l  th e vari -
able s neede d t o 9uid *  ou r  arns T Ho w ca n u e represen t 
th e abstrac t  patter n o f  a n actio n suc h a s handwritin ; 
50 tha t  i t  na y b e realize d i n an y o f  a n infinit y o f 
variants—lar^e ,  SHall ,  horizontal ,  vertical ,  vit h th e 
hand weighted ,  o r  eve n b y holdin g th e penci l  station -
ar y an d novin g th e paper ? (los t  researcher s wh o tr y t o 
represen t  novenent s o f  artificia l  arn s b y nean s o f 
conpute r  pro^ran s hav e chosen ,  i n th e interes t  o f  sup -
pose d conputationa l  sinplicity ,  t o us e th e smalles t 
nunbe r  o f  "degree s o f  freedon* ,  o r  independen t  join t 
novetient s tha t  wil l  allo w desire d han d novenents .  I 
wil l  discus s th e opposit e idea :  nanely ,  th e ide a tha t 
a larg e nunbe r  o f  "redundant "  degree s o f  freedon ,  whe n 
use d i n th e styl e tha t  I  wil l  discuss ,  ca n sinplif y 
th e contro l  task ,  i n that ,  i f  ther e ar e enoug h way s o f 
noving ,  a  recip e involvin g jus t  a  fe w o f  the n ca n usu -
all y b e foun d tha t  wil l  approxinat e an y desire d nove -
nent .  I n particular ,  th e presenc e o f  "redundant "  de -
gree s o f  freedo n allow s u s t o rel y nor e o n ballisti c 
(free-swinging )  novenent s tha n i s generall y don e i n 
researc h o n artificia l  arns ,  s o tha t  physics ,  rathe r 
tha n coflputation ,  account s fo r  nuc h o f  th e trajectory . 
Conputation s ar e require d t o se t  u p th e constraint s 
definin g an d initializin g a  low-degree-of-freedo n 

'virtua l  a m *  i n suc h a  wa y tha t  a  satisfactor y bal -
listi c novenen t  exists .  Thus ,  a  conplicate d physica l 
ar n behave s lik e a  fanil y o f  easil y controlle d virtua l 
arns . 

Anong the points to be discussed: Using nonentun 
save s energy ,  an d i t  sinplifie s control .  Novefient s 
nay b e controlle d b y sendin g ne w paraneter s t o systen s 
tha t  contro l  th e nusdes ,  rathe r  tha n b y controllin g 
th e Nuscle s directly .  Th e principa l  tas k i n trackin g 
a novin g object ,  rathe r  tha n bein g t o mniniz e instan -
taneou s errors ,  na y b e t o synchroniz e a n interna l  pat -
ter n generato r  t o th e noveitent .  Th e presen t  styl e o f 
contro l  identifie s sinila r  novenent s a s cousins ,  rath -
er  tha n regardin g the n a s unrelate d canputations .  Th e 
san e over t  nuscl e noveoen t  ca n b e nor e o r  les s diffi -
cult ,  dependin g upo n th e highe r  u p pattern s i n thi s 
hierarch y fro n whic h i t  i s  derived . 
(See Greene, P.H. (1»72), Problens of organization 
of  Noto r  systeHS ,  i n Rosen ,  R .  an d Snell ,  F.H. ,  eds. , 
ErS3rSSi.iS.IbjarSii£3l-_lioioay^__Vaii_2 ,  Ne w York : 
Acadeni c Pres s an d Green e (1782) ,  Uh y i s i t  eas y t o 
contro l  you r  arns ? j8SI£Sal_a£.!!aiaE_£a]»iEai f  t o »P -
pear. ) 
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