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INTRODUCTION

"A*inntian is 0ta gtaphic crt uhi.d ocahs in tina. Wturna a stntb inaae (ath
as a Pico8so m a onpkt fsph) mng c.otuey complet inlorwrtion tbou4h a sittgta
pidure, adrnion conueyx egiwtntly @nplet infoftnntion throqh e se*aw o!
in&ga seell in Utnz, It ia charu.taistic ol this Md;,um, as opposed tD static intalery,
tia.l, the arlual graphi.cal inlonnarion at anA ghen ir*tanl it relntiiclg tl:igh!. Thz
aou,ce ol irLlomlotion lor th.e vi.ar$ of dninarion is imptirit in ";&tre chanset chan4e in
rcIorhe posiliotr, shape, dnlt dgnanizs. Thaelon, a drnpurer is id?ttA! suited to
Mlc;n4 adru *m "po$rble" thtolah the nuid ref,rrenttnr of thise ch@qes."t

The auimstion industry is ripe for & revolution.
Ililtorical sccidents of svailable tecblolog and knowl-
€dge of visuel physiologr have led to the evolution of
tho anitrlated film ss 'bDe that is cxeated ftame-by-
fi3me.'4 The pmdigious quatrtitie€ of labor required
for the constructiotr of twenty-{our irdividual lrsdres
per scord of 6l!l b.ave led to s corcentBtioD of anilna-
tiod activity in the assembly-Iino eDviroDrronts of a
fuw large companies, an rrtifcial ]'et laroly sul[rcu.ot-
sble *psratioa of tbc artist fmm the nedium, 6nd
extravaga[t costa.r In coDjuDstion with other trdDds
in Ahelican society, the result is u.sually wb3t the
Etrglilh critic St€phenson describ€s ss "the E€f'estsble
sadisr and stereotlT€ of comsrcrce."! Yet he ofierg
this hopeful prediction in concluding hia 1967 study,
Animaliot in the Cirleni;Tharc rbems every r?gllon
to look forward to challg€s which would Illake it possiblo
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for the clEstir€ artist to put oa tbe scrEeD & strBsrr of
irugex with the sattle facility ,s b€ can now pmduce
s siugls stil pictur,e.'t This pspe! explsins how s

' ct€atir€ artist, sid€d by s computer, catr define s
Btr€aln of images with tbe satr\e facility 33 he can trow
pDduce a l€ry few still pictuEs.

Although the computey's ent ance into anieation
hss b€€r s rccent one (1964),H the gto*'th of int€Fst
and activity has beeu phenomensl.H Experience to dste
strongly sugserts thot thc followirg sts,tements sre tlrle:

l. Th€ snjruted display is a Datursl rnediuD fo!
the Ecording sIld snslysis of computer output
frolo sidrulstioDs snd dsts r€duction, and for
tbe modoling, prcentstioa, &Dd elucidatiotr of
phenomena of physics, biolog, and engineer-
ing.F3 l)epiction through snimation is par-
ticularly sppropriat€ where simulta[eou.s sctionr
in some a,€t€m must be repr€seotad. If the
Bniloation is the pictirisl simulation of a com-
plex, Drthemstically-exprea*d phy'sical theory,
6hen th6 film cas only be rlade with the sid of s
computer.

2. The computer iB an artisli. dnd animaliar me-
irrun, s powerful eid jn the creation of besutiJul
visual pherlomena, snd not merely a tool for the
drafting of rEgul.Br or nepetititr picturca.tFD

3. The for[lal nodeling of pictur€s by complexes
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of algoithrns and dats lacilitstes the continued
modification of a single amnation sequence and
the production of a *ries of r€lsted €equ€nces.

Tlus psper drscusses wa]'s ir whieh msD, aided by 3
computer i]n zn intdoii\e grdpiical envirorunent, can
s,'nthesir€ animsted visual displays. It is widely lec-
ognired that such sn envimrunent facittstd man_
tnschine coEunu.dcstion about still pici,ures Fz The
pap€r eeks to:

1. descibe the role oI ditect gaphical interaction
ard sketahi-ng in comput€r sni$stion, rcsulting
in the proc€ss \y€ sll,,ll aeil inleraoti& .ompulatu
nedid.ed or&mali on ; aJ.d.,

2. develop a Dew sppmsch to the specifrc&tion of
picture dlnsnics, ono which exploih th€ csp,r_
ity for dircct $aphicsl inteBction. The r€sult
w€ shsl cs[ ,?d1lt€-dt uen anhntion.

Ani'nalion in o^ inte.a iae cornpukr crafhicJ

The iole of direct graphical interaction in the
synthesis of animated visual displays

Thr€€ aspects oI the rolo of dir€ct gBphical inter-
sction in computer graphics srE particulsrly r€levant
to computer anjnstion:

1. The svsilability of inmediat€ visual leedback
of results, 6nsl or intemediste ;

2. The sbility to factor picture construqtion into
stsg$, snd to view the r€sults afl,er srch siage;
snd,

3. The ability to sketch pictu!€s direstly into th€
compute!.

The power of inmediate visual {eedback in anirnation
is stdking. Tb€ computer calculat€s, from its r€pre_
Fntstiotr of s dl'narnic sequence' the individusl fr&nes
of the corr€spondhg "movie." Uke s video tape lecod-
er, it pLsys it back for direct evaluation. A snsll
cbsnge may be msde, the sequence recalculated, and
the rcsult vrewed again. The clycle of desipation of
corunsndr &nd skeiching by tlle arinator, lollowed by
calculation and playback by i,he comput€r, is r€peated
rurtil a suitsbl€ rBult is achiev€d. The time to go once
sround the feedback loop i3 reducad to a few eeconds
or rrjnutes. In most trsditional and compuier anima-
tion envimnments, the time is s few hours or days.
The difrer€ncs h sienificsnt, for \o* lhe admalor can
see and nol mqely inoairu the resi,�lt of aaraing the no&-
nle/Lt and the thgthm ol a dyamic disputy.'lhusbc .wfl

be led to Erfect thst asD€ct of snirMtion tMt is its

corgi control of the chsnging spatial and temponl
relsi,ionships of graphic infonir"ltior.

Factodng the constmction of sn animsiion equenc€
facilitstes the efrective use of feedbnck lmm ear)y
stag$ to guide work in lat€r stages. Wo*ing on indi-
vidual snall subsquences helps ovcrcomo ihe s€riouB
praciical problemB of computer time and space that
could disallow Bpid enough calculri,ion a,Dd playback.

We know fmm th€ computer gaphics of still pictur€g
that the computer dmulates not only a pessive Ecord-
ing sgent in its ability to retain imsges, but an sctive
medium $hich tl.ansfolrns thc vcry rntureof thcsketch-
ing I)rocess. This rel]]ark applies trivially to comt,utel
animation; one may constnrct a sequence of drewiags
to comprise the individual frames of the fi1m, the static
images existing et single instants of time. Picture
ch.ange that ex0ends over entire int€rvalB of tine is then
synthesized &s s succession of individual (t€mporally)
local changes that slter one frame jnto snother.

This paper goe6 further, for it explaim how ihe
computer csn b€ s medium which transfonrl3 the very
natur€ of tIrc proc€ss of defining pictur€ clat?ge, of
defirung moremeni and rhythm. D]'nsmic behsvior
is abstrsct€d by &scnpt'bna ol e,tunned fieture chanle.
These descriptioDs msy thernseh€s b€ rcpt\e*nted,
sj'nthesized, and manipul.et€d thrcugh pictueB, both
st*tic and dynamic. Thus dyn&nic contrcl can be ex-
ercised gl:bauy over the entirc equenco. What Fsu1t3
is one new conception of n'h.at ii meaff io dlBw an
animat€d litn.

The components required to realize an int€r-
active computer-mediated animation syatem

Intnoatire cornplAer-tAdiatzd enimatian rB ll]€ pr€tja'P6

of constructinS admst€d visual disp]aya uing a svs-
t€m contsining, in one form or another, at Ieast the
followine eight componentu:

L A gF"eIal-purpoF digilsl computer.
2. A hierarchy of audliary storage. This is listed

separgtely to emphasize the nagtritude of stoDge
required for the alsu st ctul€s from n hich sn
sn;nation sequenc€ is dedved and for th€ visual
images of rvhich it is conposed.

:t. An iDput device such ae a light pen, tsbl€t plus
srylus.,Fu or warrd,6 Nhich ,llows dir€ct dra*'-
irg to the conputer irr st lea^st lwo sp&tiDl
dirnelsions. The operatilg envirorLmeut rnust,
upon user demand, pmvjde at Ieest bricf irrt€r-
va]s durirg which the sketch rney be tnade in
relrl tnne. The onirnstor rmlsi therr be able to
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drsw s pictue without any ilt€ruption,
Furthenmre, the comput€r must t€cord th€
"€sseEtial tcmporsl iDJormstioD" frbD the act of
eletohing. Sdnpling the state of th€ stylus 24
tim€s per second often sufrce3 lor our purposes.

4. An output device, such rs s stsnaLsrd coEputer
displsy scoF or a suits,bly Erodified TV bonitor,
which allovl ths dircct viowing of animgtod
displsys at a rate suoh as fraooa pr econd.
This is €srntial to mabb tbs iutersstive editiDg
of r,niErrtiotr subequorces. The fD3l trsD.@i6-
sion of s "lllovie" to tbe mediunr of photogaphic
6lEr or video tsF csn but n€od trot ue th€ sa$€
mecbroi@lL

SoJhDse:

A "b,aguage" for tho colstnrctioD and Er.sDipu-
lation of atetic picturea.
A "lr,DS!sSe" for tbe lepresetrtstioo and qHF
fcation of picture cLrnge and the dylrxaics of
pictur€ cbr,Dao. We 6hall inl,mduce in this pa,!€!
laetLo& of BpecityiDg dylrJnics not po€€ible
eith tBditioDsl snim.atioa Eedia strd lrot ]€t
att€rnpted iq tho brief hiatory of eo$puter
animstioD-
A Bet of proglam! thrt transfonru the specifrca-
tioDs of picture structure and picture dynamrcs
into a Bequence of visusl iDages.
A et of pmgrsm! tbat ltolrs itrto srd rctri€yE
from suiiliary Eernory thi! &quenc6 of visual
imagea, and facilitatee both its leal tiEle pluy-
back for iooediate viewing and its traD.@issrotr
to rnd frob Flmsn€trt recordilg tqedia.

trlfuro I portlat's s guitable envimDmeDt tor iater-
aotiy€ computDr-sedirt€d a.trilo-stioE" Figure 2 is s
Uock disgram of such s systetn.

A rcena.rio illustiatitrg the ure of an interaatiye
oornpoter-mdiat€d &tritdatbn syste&

To illustrst€ tbe proce€d ot anihrtion in an itrter-
actilc coloputer $aphics onvimDbent, !,'e pr€sont a
aa€D3rio. The oxsrtrple, choe! for its sieplicity, is an
€xteuded ver€ioD of oae sctus,lly execut€d {ith the
GDNErslired-cel sain"stior SYStam. CENESYS is s
pictur€drivBtr anim,ation syst€E implornetrted on tbe
M.I.T. Lincoh Lgboratory TJ(-2 comput€r. A.ll caps-
bilities purported to it aro otrarational or could be made
eo by minor additiors. Tbe writt€n forTt of the inter-
aotive dialogue h.as beeo adjusted to incr€ase ii€ clslity.

W. vant la se. a d$urni. se4enaa ol o d,og dtls6n! to
hie d.&mer and thar dining:lb dog ruDs towards s

figurc r-An iEreEctiE coDput6!-Dedi.ted eieuor mtmF,
The sutho. b .ketihing wirb ihe srylu on tbe t$let. Th€E

is. CRT fo. vieFitr3 drumic dirplAr€, ! sroE{e Mpe
&bow it, s tlpwrik., klobd, t gsL swft{h6, sid
a telephoue @ ihrt & &i@tor qy slrl@oo help

8.

tisurc 2-Block disgM of a miDimal sltt€n for Deeure
codput3.-D€dbl€d sqidiioD- Ths perthBi,ed luDb€B

Ef€. to the stsiem compordts defD.d ir rho parE..

bowl. Waggiag hia tsil, he lowera hi: heed aud laps up
the milk. Seve$I slurps of the milk sre to be shortr
beforc we cut to the mxt sceD€,

HolD rn do ;tl

ANIMATOR(A) : C,{IZ CENESYS ;
GENESYS(G): tlxLLO. GENESYS AWAITS YOUV
CREATION;

GENESYS either types or displal.s thia llspone.
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A: FORM MOV IE DINNERTIME;
The sainator either twes the coloD.snd D"arn€
'FORMMOVIE', In:d r correspondiry lighlbuttotr
with the stylus, or erites atr abbreYistiod of the
coroxqand DrF€ to s cbsrscter-Ecognir€!.i E€
the! types s Elovie n,mo, 'DINNERTIN{E'.

G: IP-&ESH:
No such soviB exists i! tho admstolB dit€ctory'
HeDee, work b€giDs oa s totslly new one.

A: FORMBACK{tROUND;
A. waltts to de6ne s subpictut'e tb.st will be visible
in all fisEEs of tho &quence.

G: SRETCE IT, MAN;

A :  .  . . . .
A. sketches the bowl, draviaa with the stylus otr
tbe teblet. IVhgt he dBws app€ars iEDediately on
tbe displey ecope.

G: OF;

.L: FORMCEL #ri*CLASS BODY;
AD inilial wrsiotr ol tI€ dog's body is to be utade a
unique subpictuD, or cel.

Ee skotches it. srd sootr adds one wrdion of tl€
lep, taij, and tread, eech as s uDique cel id s unique
cel ch.ss. Now' s cohereDt dog, unllroviag' app€arg

::.T**'
A: BIJVD BODY, LEGS, TAIL, EEAD, TONGUE;

Thir gu.araDie6 tbst sny trsDsLstionsl motion
appted 1o tbe dog will drive tbo body' Ie$, tsil,
b€rA ,xd toDgus together. Thus the dog woD't
disintegrai€ vhils Eovina.

G: O{;

A: BKETCEPCURVE B0�DY;

A, Do{ sketcb6s the patL of the desiEd lrotioD'
rnimicking tbo mor€meot with tbe actioD of his
styfttr. Eop ... hop . .. hophophop .. go€s lis
hrnd. The rtt o{ hisioking a cstrtiluou€ &oYe'

T:::**'*
A: PI'AYBACKi

Ptaybacl the ourrent veroon of tbe movio llop . . .
bop . .. hophophop... glidee tie rigid dog arross
tlG 6cope t,owads ihe bowl Four frlsres fro& 6uch
s motioD sns sboFtr supedbpo*d in Figun 3.

Figurc FA st tic dog guct€ towtrd! s boql. Tho sl.t hE src bv
Mb. Nu.y John$tr oI Wslthsm, M.gch@tt€

At FORMCEL *2 tz CI48a LEGS:

A. sketah€s the legs in saotber poBitiotr, thst is, ha
defnes the *cond cel in ihe clsss 'LEOS.' This
may be followed by sYersl mole positioDr' The

irBges arc ones tbat arB uBefirl h sytrthssiting
nrn]dDa ard hoppiDg mov€dlorts.

* TYPESELECTION S tto'a LEGS ;

Ee tylee in a squsnee of choic€6 of oDa of ihe
poeitiona of the legs. Each succ€eding choice elocts
wldch cel is to b€ diQtsy€d as the dog'E legs in the

nen fraD€. Of corrle oDly otre st of leg8 i3 vfuible
ia a frafie.

* PLAYBACR;
Now, as i! portrsy€d iD Figur€ 4, the lo$ mov€

Fisu.e rFNo* the dos hop. to the bo*l
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wbile the dog hop to tbe bowl.

Further rrfnenetrts to the leg hotion aD mad€.
This iDcludes the neketching of one cel. The tail
snd head movernents are similarly htmduc€d- Tho
*quence then sppear€ ss is Bhown in Figur€ 5.

Thrto tongue cels are sketched.

o', " f u r" "r" r, o* rtoflN ToNcLrE;

For most of the *quonce, the ,eDih tongue is
*lecl€d, tbst iB, qo tongue is visibl€. A sjngle bp,
or Blurp of the loDgue is sj'nthesired ftoxo ttie tbne
toDgue 

-po€itioDs, 
and is iotmduced st the sppro-

priato tirne iB the movie. The leltmost imsse of
Figue 6 shows the extended tonguo.

A: TA P RH Y T E M SLARPII{TERYAIS;

A. can feel or intuit the rhythm of tbe desiEd slurD€

Iigtre s-[sger for dinhe.. he w'<s hir isil

bottor tba! he can rsiionslire it. Ilence ho goot
t8p.... .  t6p ...  tsptap ...  oD s push-button.

Lt REPEATPATTERN FROM trun 5S TERAUGH
lranu tA ol SELECTIONS ton TONGUE crIV-
rtRY.,rrS o/ SLURPINTERVAIS ;
ArsuDe that the visusl Blurp occl[€ in frr$€s 50
tbough 64. The psttem of tongue slections shish
yields the slurp is rBpeat€d st irtervaLs d€t€nninod
by the topped rhytbb.

A: PLAYBACK;
Now the dog goes hop..  .  hop -. .  hophophop. .  .
s1u4,. . .  s lurT|. . . .  s lwpslurp.

Tho lrovie is €s*ntially completo; minor !e6ne-
xo€nta loay dow be mrd€.

At DDIT X WAVEFOB,M ol BODY t

Mom accel€rstioD i.E tho hopping EolreloeEt would
tietter portiay the dog's eagermes for hie dinn6r.
Eerco, A. calls forth a display of the dog,s X co-
ordinst€ rusus time, and msketches part of ihe
wav€foEr so th.st ther€ is mole horiroDtsl acoelora-

At EDIT FRAME 44i

e*r-" thrt th" dog ,.sch6 tb€ bowl itr frrms 44.
Viewiq ths equeoce in slow motion, A. noticos
that tho dogiB positior st the bowl could be ia-
pmv€d. Ee slt€E its locstiotr itr fuame ,14 using the

:::: 
undd rhe 64oee

At FIX X ann Y oJ BODY AFTE& lronz u;
Tho path deecriptiona are furthor modiGed so that
the dog again holds s fxsd poeition, once it hae
rleched th6 bowl.

o'l!!.'."n"*'
A: S-4rr DINNERTIME;

T'he moyie is saved, svailable for funher r€finemeDts
at ar1y time,

G: DINNERTI\{E 1S SAVED. ̂ OOD BYE.

Implic-ations of the scalrario

l. Approximately 100 frrmos hav€ been gemntadAigtE e-'slurp sG hi! tdgue, bppins up th. nilk
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fmm fewer thaD 20 cclr. Onlv verv limited
tool6 hsve b€en ued in cel construction, speci6-
cslly, pmgr&ms that accept drrDct sketches and
that enable selectil€ erssue of piclule parh.

NoDetheleF!, gr€st pore! results lmm the anl-

nr.stor's sbitty to cont;d and evaluste dfrsrDic
combinstioDs of a fe'w static images.

2. LDsr€djatp playba.k ensbles intra"live experi-
rn€ntatiotr to achiel€ desiEd visual efrects. The
ections deGcribed abor€, including considerable
fitl-snd-erm!, !!ay b€ completed in well under
one hour, even if sll cels must be coNtrusied

3. A vsiety of ststic images, analltical graphs of
pictuE ectiotr, depict the tilr|E dependence of
djmanic picture paramet€rs An eBmple is the

wavelorm r€pr€s€niing ihe dog's chsngiDg
hodzontsl position. Viesing such ststic Epr€_
sentstioa! ai& the unde6isding of existing
sDination *quenc6; Esk€ichitrg or editing
them chsnge3 the sctual d]'n Edc bebvior
sccordiDgly.

4. The snili.stor may in rPil tine loimic aspect8 of
dlaslnic bebsvior. Eis movement atrd thl'tb$

als r€corded by the systeD lor applicaiioa ia
tlre movie. Tbis occun when the hopping of hie

stylus motion is uFd to drive tbe dog, and when
the tsppiDg of a puh-buttotr i3 Dsd to cleteFme
tbe rhythm oI the slurps of the totrgue.

5. Thfte sslccts of dyDsrric bebavior appe-ar in

thr e*IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIanple: poli d"scriptions. or mnceptusllv
coDtinuous coordinste ahjllfleai sela.tion d2'
rcnprioru, or Ecurdng choices of cels from s cel
clAss; aBd tiylftm des"riptior's, or lemporsl
pstt€ms msking erctrts The pictur€s (3) strd
aciions (4), th$ugh a'hich dir€ct cotrtrol over
dtnamic€ is exercised, sr€ repr€s€ltstions ol
thesc thrao kiuds of sl.tal .1.\ttiptio,t$ 't da-

6. Global openiions (3)-(4), which alter d]'nsmic
beb.svior orcr entim intelvals of tiDe, rosy be

supplement€d where necessary by 10cal opeB-
tions, \rhich adjust individual frarnes An ex-
a,mpte is the positionins of the dog near the bowl.

Thz spedfcation of pidure dlnanics

Three old approaches 10 the deffnition of pictute

dymmhs

We nsy distinsuish thr€€ old appmaches to the
sJd,b€sis of g Equence of fran€sr

f. The individual constructioo of each frgrne in
tlG equence;

2. The interyolrtion ol sequences oI frarnes inteF
medist€ to prils of critical ftames; and,

3. The generatjoD of frames from sn slgorithmic
description of the sequenc€.

Aninlaiion sequences bave traditiona y been s1n-
thesired through the bdiwidual construction of frane3
The illurion oI a cotrtinuum of iime is tttained through
rapid plsybark of discr€te instants oI tine. This 3P
proach is the only one applicable to the conslruciron
of picturcB that defy rcgutsr or fonnal desciption, and
th.st requir€ unique operations on each frsne. Yei
tbe cosi is exeEile strd continues to iP drslnatically,
lsster l,hsn thp GNP.' Sslaries itr brge studio oper5'
tioD.s t]?ically coDsutoo hslf of the cost, for coEEoelcisl
adnstion iB a complex int€radion a,mong producert,
dir€ctoB, desiglers, layoui srlists, bsckgound arbisb,
key sninatots, &ssistart sdrnatoE, inLen strd colour_
ists, checkeE, ca,s€iarlleD, editoE, and s:t'udio menag_

erB.' It is this division oI Labor, this disperssl ol the
cr€atiw proce€s, nhich *psrstes the srtist fmm th€

medilun.t Alother m.sjor fle.krcss of conlentioral
fra,ne.by-frame animatioD iB thst there sr€ tro efficieni
methods ol rr*king changes to a movie stoEd on photo_
graphic 6lto o! video tsF. We discu-ss e)*whet€ rh.Bt
r.ole the computer Eight ,ssurr€ itr fratDe_by_iEtrD
a mstion.t

The techdque ol int€rpolstior hrs loDg been usd
to cut co€ts snd rcduce tb€ burdetr of picture coa6tnrc-
tion which is plaaed oD the key aoimstor. IDterpolatioD
occurs wheu tho key aniloator asks his a$i6tanb to
fill in the pictuEs int€tElediste to s pair of cdtical
fra,mes. It br.s b€en suggested thtt palt of ihis pmce8s

could be mecbsnized.t We do not consider further that
problem in this paper.

The geaeiation of s tqu€nce of lranres from a founal
slgodthmic descriptioa is a pmcess ch-aracteized by:

1. the need to r$e s comput€r, Ior it is the oDly
snimation medium whicb can follow aDd executo
with er€e s complex algorithm;

2. geDerslity, that is, spplicabi[ty to a l$ge cless
of regdarlyatruetur€d Pictule3;

il. rEpreentational power, or the compactD$s
with which int€lesting aninuted displays rnay
b€ Iormul,eted: aad.

4. flexibility ad sdapisbility' or the eas with
which a mri€ty ol slterations m.sy be made io
s novie €xprPs*d e.s aa slgodtbm.

The form of the expredsion hrs to this date been 3
written prograrn in s piciur€-processing lsnguage such
sr BEFLIX,H or s equence of dir€ctiv$ iD a typc'
writ€r-conholled cor nsnd la[guage such as CAFE !0

HeEin liei another str€ngth of the appmsah sIrd eko
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a futrdaheDtsl sbahess. OD the one h-and, many
pmgrlinEErB, scioatisk, end angineeE, prrviowly not
atriEAtor€ but fluetrt itr this new "la'nguage," caa now
pmduce dlasrdc displays.! On the other hand, ar
sninator tiaiD€d ilx tBditionsl rnedir and t€chniques
fu forced to ieam a completaly lew "lea$l.sge," s
completely rcr way of thinliag.

One ner opproa.h to the definitiorl of dyEamica
---picture-driven animation

Pith$e4rirvn arri"to.dotl iB a rcw pmc$rB that auJ-
rn ns hr,rmoniouBly ths ^nihqtor's tBdition-al tech-
dque€, tbat refests srd erbndr the ws!'s of thhkira
to which he is sccustom€d. Within his intuitivc "lan-

guage" of pictures end sketching snd mimickiDg, he m.ay
syDthesize both components of fEmes, cslled cers, ard
geD€rative d6ciptions of extended pictur€ cbtrge,
czllcd gLfial dzsfiiptittls ol dv&rti.s.

Global dyna,mic desciptions at€ d.ata equenced,
whose successive elements determine critical palanl-
€ter€ in su..ensive fmmes of the movie. Allor.ithms
emHded ii a piciurcirirer s Estion sys0em com-
birc cels and dyaroic descriptionr to pmduce viaible
pictur€ ch.snge. TlIs sninstor defles strd refres pic-
t rial EptE&trtstioDs of dyrra,mic descriptions. Thes
dats equence8 tbetr "drive" the slgodtbrt.s to geaerst€
ar $ihqr€d dbplay. Eeme the plocess is called pic-
tureiiven snination-

The process is powerfri lr€cgJue it i.s easv ta a.h;aoe
rich ocriatio8 in durlania bahat iln bV alzrin! the data
seauavas uhila hnding ctnAlant a lelD simplz controung
daorithns. Ifu dsts equencc€ pt€ci*ly det€Erino
tbe evolutioq of recurjng pictuE cbnge, *ithiD tbe
coDstraints et bjt a c[oics of controllirg algolithms.

Ws Dext inhoduce tbe thEe kindr of global dynarnic
d€soiptiona, BoEre uelul Bko;thlo.s for which they
lqsy be driviry functioDs, and soD€ u*ful betbods for
tbeir ststic aad dr.naloic pistorial repr€sentstion and
coEtntctioD. T[€ following claasification will be beIpIUl :

lt globd d!flami dzsctipAofl is either
s, maunmt deecripti.on, *Nak ia ail,l]a,t

a contiDuoua Brolemont desciptioa = s tarrl
tuE:ription, or

E discrcte moe€D€trt descipnon = s, sebati.o4
dascr;ptiorLi or,

s r hylllm dzadiptiorl..

Psth descriptiong

Consider thos alterations of stutic pictuEs thst
consist of modifications of continuously vsriable pa8m-
eiefs, such ss loc&tion, sire, end int€ltsity. Their

inatatrtaneou-s values dete@ine the pictur!'s apirear-
3nc6 at a given mornetrt. Thus the static pictur€ rnsy b€
adrrlated by specifing ihe temporal behlior ol such
psraD€t€r€. A r€prcsentatior ol the tempor"al behavior
of a cotrtinuously vsriable psrameter is called z palh
tuscrtptian.

TIIe [tor€meDt of s fixed-geometry picture (cel) in
GENESYS is deecnbed ss the change of two coordi-
nxt€s with tine, atrd is r€prc*nt€d by a pair of psth
depariptioDs. Their specificstioD trlsy be ued tD s''n-
thesize the ddfting of s cloud, the zooming of a ftying
saucer, the boulcing of a bs,ll, or tbo positioning ol s
porntor.

Sin€€ the behsviorsl descripiions of the parametelr
apply to eatire itrtervsls of tiEe, the snination is
Iiberated fronr a stlictly frame-by-fraEe s]'rthesis.
The cAm"uta is a rAAiun lhrolqh uiiah onz can Wa8s
the stnti. ot tanponLlU hcd, and uork d;r?dfu on the
d,Arnnia or lsnporally globdr. Move&€nt is Dplr$trted
e3 it tu perceir€d, as (potentially) continuous flow,
rsther trhrD as a srie! of interD€dist€ stat€B.

Psth descriptioDs, in fsct, !U d]'E'aEric descliptioD.s,
nray be defined by one of six general appmaches:

1. The sketching of a new pictorial r€pr€entatior
of the description;

2. Tho editing or refinemnt of atr existing pictorial
r€pt€$ntstion of the d$criptioD;

3. The direci algoritbrnic sl€cifcstion of the dats

4. The indirect slgodthmic specificstion in t€rms
of existing data *quences;

5. An indjEct algorithmic epcifcation aa a
propefty of a constituent picturE in an existing
aninr&tiot sequclce; aDd,

6. A coupling to s lral phyEical pmcess in the
extemrl world, Buch thst it transnit€ a dats
equeace ss (snslog) input to the computer.
Inter€sting couplitrgs loay be to pafticle cotti-
sioDs, the stmospheric pr€ssurle, o!, ia tb6 cas6
ol (l) and (2), s resl lilc sldnstor.

We shal in thi.s psper b€ coocemed with techniqu€s
implem€rting the 6rst tyo appmacbes only. Sketcting
is ueful when om laows tb€ aererd sMpe aod quslity
of a motiotr rather tbsn aa &slyticsl expresion for a
function tbrt determines it. Modificatious of the Rketche!
sre frequently invoked sfter one vieva tbe current
aDib.stiotr Fquencs snd det6nd&s how it is iDAd€-
quate.

I'hore arE t\ro lelst€d kitrd.s of pictoial llprt*nts-
tion3 of all Elo\€ment descriptioDs, static aqd dl,D-sdric.
Both kinds xosy be introduc€d with s singl6 exsbpl€.

Conside! tbe motion of s figuD thst goe. frcE oD€
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coltrer of a squaE r,oom to the di&gonally oppo€ite
comer by walking along tvto ldiacent walls. W€ shall
ignore the rertical movetn€trt and consider only motion
of the center of the My itr lh€ iwo dirnensior8 of the
plsne of the gouud. He firse walks in the dit€cdon ol
incre*sing X coordinate, theB in ihe dircction of in-
creasiEg Y coordinsl€. W€ furiher assume that he beging
frcm s stsn&till, scc€lerat€B and then decelerst€s to
the first corDer, psues ther€ for a bfi€f interyal vhil€
he tum-s in place, atrd firally sccelerst6 aDd decelerat€8
to his deslirution.

One complet€ description of tbj8 planar movem€nt
consists of the fuDction-s of the X aud Y coordinates
!'ersus time. These a,m depicted in Figures 7 and 8.
Such r€pr€seat!.tions of cbnging pictuE psrarnet€ta
ere caJbd. ual'etoflus. Time ir depicted, in the wavc.
fonn, aloag otre spatial dimension. Tho wav'efomr's
constnrction r€qurEs rrol€ment of the stylu! sloDg that
dimension; the dfupby records sDd lr1akes teEgible
this movenent,

Altemstiyely, both spstial coordinat€s could deaot€
the t{o spatial coordjlst$ of the movemeDt. A naturel
cornespondenc? is $tablished betfl€ea the X(Y) co
ordinsi€ of tne floor and XfY) coordiDst€ of t.be !o€-

Fig,rrc 7-The X coo.dinste $aa€Io.m ot s moveDeDr

dium of the representstion (p&p6r, scope face, otc.).
Figue 9 depick such a pararnztat cume reprt,*t"^non
of the mor€ment. It ilustrst€s with clariiy tho figur€'8
path on the floor.

Yet the dtnamics of t}Ie motion sre hidden because
the temporsl dinension is only an implicit coordinate.
This r€ctified in Figue 10. A strlrnl of s'ytnbob h ued
inst€ad of a continuous trail to depict the path. Ch.er'
scters arc spsced &Iong the psth at short, uniform
int€wals of iime, such as er€ry 24'o of a econd. Dy-
narics sle appar€nt in tbe local density of qrnbob.

ObsenD in puticul-ar how lhey clustor whsr€ the figur€
pau6e3.

The dt'nsrnic construction ol s path description is a
uset-bd;'|inen aninaled .tispla! in uh'I.h ttu ti,niw ol thQ
st!I!,s's moDenellt is prasened, bg rctmding its potitiott
in eaery Jrdne. A tangible r€pr€*ntaiion oI the stylua
path is the display of a sequence of characters spad
€qually in ti[re. We shsll call a psraEstric curve dy-

namically sketched in rcal titr|e s p-cune. Tte p_clrn€

corrcsponding to Figures 7-10 is depicted in Figur€ 11.
We h.arc stt€mpt€d to con1ey in a single ststic i!1.eg6
th.st the p-cun€ is s d]'nanic displsy. Each 2dimen-
sional pcurve deferurines two path descriptioDs Thug
the hoppiBg oI the dog ia 'DINNERTIME' may be
syntb€sized by "hopping" with the stylu along sotrro
path on the tsblet sufsce, tb.ai is by rnimickina the
ddired d]'namio,

risuE 9-A psBnel.ric cure rcpl4ltltion of th. sh'

moEmerr. Th. rhythm ol the hovenent i! Dot vbibl.
Iilut 8-The Y .ootdin&te uveform ot a doven.oi
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FiBure 10-A better dispbl ol the pslMetnc curye, Symbols sre
d€losited Bt sho.t, nnilom intervsls of t'!s!

FiBUE rl-Ile Fcure cocpohdihs lo Fisures 7-10. The
dltuhic displsy ic conpr€aed ihto s sinsle stsii. pictu4

@!t inin! nin elet€d f!m6

In loD€ cass oD6 D.sy reed oDly oD6 of tho path
descriptio!6. To &pict the Suttering ol a [esrt, we
may sssign the X coordirste of the p-curveto s pa!6m-
eter dotermining the silze of ihe h€art, and then flutter
the pon bsck rnd forth hodrontslly. ADy vertical
ootion th.et Esults i€ uaiBterdtiDg and catr bo igtrorcd.

A path d€€sription, in summ3ry, defnes dlmaraic
activity th.st consish of poteotially contiDuorB snd
aibitlarily 6ne alterstionr of \'slue. The rcader ehould
not be mislod by tlrc choice of the word "psth". Wlrt
b rreant is s path, or *quence of value8, through an
srbitruy "continuous space", through a nathemstical
contiduujA. Orc spplicstion or ioterpr9tation of thi6
path is the Epresntation of s nor'emetrt thmugh the
Iocatiotr-gpace of ar objest, such $s s figuE's psth
thDwh s room. This ini€rpr€tstion, howei€r, ls not
the only poesibl€ one. Depending upod the piciule
description capability of tlrc system in which it iE used,
snd the slgorithm which it ddves, o, palh d^cription
n*ra dzlenvinz chanqin4 h.aUons, intetwides, thicktases,
dznsities, or t"j.ture grslienls. Fot example, a pulsating
heart could b€ animtt€d by vsrying eithor the sire or
the iDtensity ol s single heart shspe.

R€fer€nce 28 pments e detailed discttssion of the
r€lrtir€ str€ngths and weaknes*s of wsr"eforms, p-
cun€s, rnd other ststic snd d)'namic rcpr€*ntstrons
of continuous movement. The discus€ion fosu.s8 on
th€ir uses a6 inputs of dymmics arld as visu-sl fe€dback
to tho aninator, thoir dimen5ionality, their role iD

euiding t€mpoBl snd spstial adjustrrents t,o existing
looiions, iheir capaoiw for conceptud exteDsions, 3nd
sorle prsctical prcbleDs (and soluiioDr) tb.st arise in
tb€ sktchina process. Furthemor€, re€ describe four
kind.s of edititrg and refining cspabilities, op€Iations
for:

s.oling curres;
shspi{g snd r€sblping them;
xlgebraicolly ond log;ca)ly corubi)'ins the'n;8Dd,
perfoudng patt€m scandng, rnatchiry, snd
tratufonning functioff upon them.

Selection descriptiong

Consider the algodthm tb3t slests an elem€ut of the
curr€nt fraee frorn among members of a cel clrss. A
good exarnple arises in the s]'ntbesis of difreFnt faciel
expr€sBions through the abstraction of dhcr€te Bh-apq3
aDd positions of mouth, nose, el'eballs, snd e]'ebm*€.
ODe cel cltrss could consist of the two membels rre]€-

brovs laised" and 'hyebrowB lorcred-" Alr anjBtttion
sequenc€ may b€ achieved by a t€mpoBl concatenation
oI selections from a c€l class. A changing facial expree-
aion nuy be achieled by the psrallel lpplicstion of

I .
2.

4.
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solersl such sequences of *lections, one correspoDditrg
to each fscial component. ID 'DINNERTIf,IE,' this
tecbdque sas used to st'nthdiz€ the mor€ment of the
dog'B legs, tail, head, snd tongue.

A represntation of the d)'natlic selection from a
fiDite st of alternstil€ pictur€s iB a,n example of the
*coDd t}?e of globsl dynamic description and is cBlled
s sala.fiar d4scription. The synihesis of election de-
scdptions i! also sided by ihe use of pictotisl r€pr€-
*[tations, such &s one consistiDg of r sequenco of stepe,
whele the length of each st€p is a'tr integer multiple of
fraxoes, snd the height is Imited to ha,nsitions t,o snd
Imm positiorB on a discrete scale. Such pictures
appes. at the top of Figurcs 15 snd 20. Supeposition
on a €{mmoD trme axb of pictules of *l€!al descrip-
tions facilitate coodiD.ating the counterpoiDt of the
Darallel election Btran&.

The ue of the tere "6election" iElplie3 tbat a rnech-
ads chooe8 from aDrong a d$ignst€d set of BIteF
DAtiv$. Io the prcvious oxaroples the altematives ar€
oeb, iElages to be intmduced as components of fram€s
in a dpaaric *qr:ence. A more general view of r elec-
tiotr desciptiotr Egsrds it ss e equenc€ of sel"do'a,
furstions which chooe froD a designatsd and 6nii€
yet poteIttiAly denumersble et of sltemative& De-.
pondiDg upoE tbe pictur€ descliption capsbility ol the
sJ'sbeE i! vhicb it ir ued, snd the slgodtbm wbich it
di]|€f., a sdedioa dzzcripttion nav choosz antnt alrcnra-
,ttes wl aft &Wnure\ dtla, "U1ne-genadlin4 algo-
ri,|'t?*, dha gl&atr d.unamtc descriprions, pitlDrinl, et)enla
ot adh'ilie , or atranng of dArutmic a.lit'itA. For exsJaple,
the dJms,mic election ftom sEotrg slternrtive piciur€-.
gercrathg algolitbms would be ueful iD a s,€tem
with discrste textu& choic€€, wherc th€rc fu orc ako-
lithh csp&ble of 6nirg sn arbitrary rcgion with thst

F\lrther detaib Ery be found in Dfer,ence 28, {hrch
also discuses techniquoa for the definition and editiag
of e.Miotr de€criptioM. TheE sre cotueptually siEi-
Lsr to thoe ued in tho EmtbssiB of psth d€€criptioDs.

nh hD| descriptions

Rlrytlrn dzadiptions coaa.st, of equence3 of inataot€
of displsy tiD€ (franea), or intervals between fra'llree.
m€y de6ne psttems of triggedry or psciry iecurrurg
elrDts o! extend€d picture cbaqe. Itr thb context it
ir suggestive to thint of s )'thm dercdptiotr as a
pu.ts trsiD. Esch pule u|sy trigger tlo sam6 sction, or,
es is dissus&d ilr r€fet€n@ 28, it rn y tigger ooe of
ewrsl activitied under the contml of s election de-
3criptioD"

Rl\tttn d"scriptions lazllililc tllz d.hiawnEnl ol cD-
otd;rralion ant sVrlhoW anrona padw skudt of

dwanic a.tivitu. In this coDtext it h suggestive to
think of a rhytb$ descdption ts a *quence of elcat
E|arkerlg. Tbe El3rkirg equence msy bo defined with
rcspect to one pictorial subequence, and thetr u&d to
guide tho constnrction of strother subequetrce.

A fi]thm d€scriptiotr csnnot by it€ef defirc pictum
chsDge; it caD defi.no a b€at, a squeDce of cue3 reith
rcspect to which pictur€ cbaDge is t€mporally orga-
Djred and r€orgsdred. AnirBtors h.a!"e sometimes ued
metronollles ss genenetoE of rhytbm descriptions.t
Prop€r sJ'nchmaizstion of s mund track to tlle viaual
part of s filin is mo6t criticsl to its arcce3s.t

H€nce, rh]4hm desclipiions loslkiog criticsl instaDt€
of time plsy a key iole in tho s]'nthesis sdd editirg of
movemetrt desniptioDs. For them operatioN a fiytbn
description require3 pictorisl represDtstion. In Figure
20 it is depictad both ss s ststic pul-se irsir and ta n
eqtrence ot el.ent msrkerr along tbe sris of movi€
tiJne. A dicst ad simple dylreic itrput, ,s \4€ b3r'e
*en in 'DINNERTIME', coDAists of tsppiDg out the
rh,4bm otr a push-httoD.

Dynamic hierarchiea

It is eaqy to conceir€ oI xoorc complox and useful
couptings of global dyn-a,mic descriptioDs. Suppoe' for
oxanpl€, thst a hop, s skip, aEd s iutnp ha!rc eecl b€en
ct'nthesirod with the rid of ewral psth sEd selection
descriptioDs. If the aaimstor wiahea to expedmert with
varyirg dprmic patt€rns of hop, skip, 3nd iump, he
should be abte to defn€ s election d€€ctipiior rhich
chooss smong lhee thEe alternrtirea. Tbis is equiva-
lent to defning *lections s'Erorg pts of psth and *-
)ection descriptions. R€Ierencs 28 dfucusss the ure of
election desc;ptioDs to estsblish albitrsry hiersrchios
of structuEd d]'r",mic behavior, and ilustrstes the
sigDificstrca of this capsbility to the anislator.

Dxplor:atory studiB in interaatlve computer-
mediated animation

Th.!€e special-pupo& pichrlcddrctr aniDatiotr qt's-
teros bv€ beed implemented oa tb M.LT, Lhcoln
LsboBtory TX-2 co$puta!. A cotDmotr featur€ is thst
each brs a conshrctioD o! editiEg mode, a playhok or
viewing rnode, ard s flDing node. In the frrat node
tho snimstor xosy begin work otr nse pictues snd 8lc'
bal d]'namic deacriptlone, or El.y r€call and contiDuo
the coDstructroa of pisturea and deecdptions sared fmm
oth€r essioDs. Ajgoril,bDs eloHded in the sFtem8
then compute TX-2 diaplay 6les, in which rcquenccs
of frarles compoed of poinis, lin6, end conio ections
src etrcoded for ure b'y the scopd.

The* inuge 6lea ere pased to tl|e playback pmgratn,
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which simulst€s a vslisble-sp€ed, bidirectional, video
fape rccorder. The progran nomL*Ily sequences through
the dfupl,sy 6le repreEtrtation of succe3,sive frs,rn€s,
tnsking esch in tum naible for l/24" of a econd. One
ueful option is that of sutom.8tic cycling or the sim-
uhtion of a tape loop.

Whotr the snirnator ha€ prepaEd s, sstisfacto.y
fEquence, he ne€d no Ionger view it directly on tJre
scope, but Inay insted want to ecord it on filn. A
pin-egist€r€d molne canreB can b€ mounted in a light
tight box to a TX-2 scope. Its shutt€r is alwet.s o!€tr.
Tho frlming progam (a variant of tll€ pLayback prc.
glsm) ril'sints" aoiD.age on tle scopo. After a $!fficient
time bterval to allow the decsy of the phospLor,
appmxis8t€ly 1/5 of a *cond, s siglal fmm the com-
puter advatrc€s the cr'rnels- A r€tum sigaal upoa tho
completion of the advance triggers the displsy ot the
rcxt frafire. Tho camers can be operat€d on om scop€
while we work at a tablet with anoiher scope. Exoellent
6ito quality, with high contBst and lov iitter, c€n be
prcduced q'ith the sj€telt.

The 6rst two aJ'st€ms ar€ rery sp€cisl-purposs.
ADAM allows oD€ to aninst€ a cmde lircirawing
repr€entation of a BiDgIe hurrD 6gurB. EVE is ao

e)erci* in abstrsct dl'Dslric alt, in whrch one csn aai-
m.at€ a *t of points linked by "rubbe!-baad" stnight
lines. The admation tecb.nique jn botb cses is the
speciication, vis wsvefollns snd p-{'u.!ves, of tb€ s€len-
teen psth descdptions tbat define the tampolsl behavior
oI ttlo pistur€'s ewnteenc ontrolltrg continuou pela!|-
et€ts. A letrgtrhy diacussion may be found in nference
28; lPe sbll her€ content ourselws with thr€e ob*rva-
tions:

l. Cb.hed hanNNa tn dgtwnics, or thz dvlatuic
n imiching ol aniwlp.d behavior, ptodux2a Ute-
Uka, enageti. tnuenad8, erctr if ued in ADAM
to yi€ld shick figure Eotions tb.si alg obviously
not ph]€icaly rEslizsble, cdd olcn if ued in
EYE to yield sbtrrct motioDs.

2. SWln ?bdif.oliotlt ta a lelEtonr r?suu iI
siwi[tant autral;oN b tha clnra.hr o! an 4-
bnned. irnemal d a "n )entettt. For oxa'mple,
ADANI's noFlsl wslk csn be llade bto a jaurty

ssunter by tbe sdditioD oI mole bou[ce to the
\€rtical coordinste psth descdpiion, or csD be
E3d€ efr€miDate by incr€isitrg the saslo of the
o€cillstions of ttle hip's ldot$tioDal coordinat€
psth de6cription.

Figur l2-This piciurc, "dfara" by the luthor, ill6r,B1€ the

v.'i€ly of line rDd tettu.e thst my be h.lud€d in s GE^*ESYA

.el ss of D.cember, l96a FcFhand sketche a.e portBy€d bv
poilts spsced st tn arbitBry, NeFontrclled delsitJ.

Srhishl lines ..n be solid or can be dotted, ov€r the
$m. rsnge of densit'6. Sectioru of.i..16. ellip*s.

p.Ebolas. snd rcsular poly,aom nr3y be
included. A$ilarv sub_p({urts ma} h€

.opi€d, rrdslsied, mtst€d, aDd s@l€d

slong tno indelend€ni dineDions

Fisure r&-A p.hmetuc cu.ve, the fmsl frame of a p{urv€
defrling s movemot thst is lilelit€ 8nd eDerg€i'c sm@th

sd gBneful. Ol's€rvo hn$ pornh .lustcr al psu* in
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3. Evon in a system whoe only int€ndod applics-
tion b cartoonirxg, o. dynamix. m;ni!]ilg .npa-
UW m6t ba owrnenhn b! afl enihtW apahl&g,
lor rtaty ,tutions canml be nimicked or onlA so
uilh d.ificuky, beina pu"poselul etrye4tiott of
rad. rno"enents.

Allhough GENESYS is slso s special-purpose ani-
mation system, it is vemstile enough to be us€d in the
genelstion of e broad clas3 of dynamic imsges. The
term "gereraliz€d-cel," deffned in reference 28, is s
generaiization of the concept of cel class iilustrat€d in
thst its&ppeerance ina giveu frsmeofthe linaldyDanic
display is determined by lhe values of s, s€t of &ssocisted
Drovement deAcriDtioN. hoth continuous snd discrete.

The GENESYS &nimstor msy sketch, emse, copy,
tranElate, rotete, and scale individual cels consisting
of points, straigtrt line6, and coDic sections. He may
sketch Fcurv€s ard d]'namically tap rhythm d€scriF
tiom. There &re numerous took for the nsnipulation

fisoE l4--The crocodil* @vorts tcrcs lhe scEn, delight€d
st her re.€nt c@tion on the TX-2 .on6ole. The sriist,

Mi6s lt&.brn Koppel of Chicsgo, had little 4nihttior
exp€idce, no @nDui€r erp€rience, s brief

in tmdt r . t ion  to  CI :NI |SYS, .nd  * r i {on .€  in
uRina it fmD ihe 3utho.

Finre l5-The tour *lection deseriptios gaente th'

-i""-"nto or the jsft, bil, lesi' srd bodv or th'

crccodil*. He. tBslatioml moiion is denned bv the

two psih dac.iPtioDs l*loq. The o'cillator.v
wawelorm iR the vertiql cmidinat€; ihe

mvefom slopins doMM'd
the horitontsl @rdimte

oI static rcpresentetions of dynamic d€€criptiorls.

Several individuals with varying degr€6 of artbtic
skil ad training in snim&tion have constructed sholt

cartoon sequences with the aid of (iENESYS. ! igureg

12-20 illustrste some of the€e experienc$.

C otrdusitu-ttu repesentation ol dvnatui. hllomntiott-
The .on at oJ e picture

Thus the essence of picture'diven snimation ja:

L that there exists e set of absfsctioDa of dJ'rl8'mic

information, data sequences which dive algo-
rithms to p.oduce animot€d dbplaF;8nd,

2. tbat th€se abstrections msy in tum be modeled,
generated, and modified by static as well aB
animsted pictures, modeled iB the seDse that
the picture structurc repr€sents the data 3F
quence, gererst€d and modified ir th€ aonBe
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Figurc 16 Th€ rs:, 7th, 13t|, Nd loil l.ameF oI ih€ t5kkfr'
ofa bird sre shotrn. The 6sure is supe.imrrsed.n the !$smetric

.u.v€ shich detu* ils ptth ihronsh sps.e. 116. Johnen
h&q mimicked the notion hysk€t.l,insthe pruvetthe

Lird ther rcDrcduce this novenent. Ol'se.vc the
sqn. l ' i n , r  rnons  4nrF(e  sharFr  s r r ,  t i  r i  i ^nq

of its eye, winq, 3nd fe.t

that the pictu.e represeDrs the p'.o..ss ot syr!
thesis ss well.

The three kjnds ol  descr i  ions counirure a rrcn,
etpre$irc,i tuiliel! neani sJul uocabula\t Jor tlxnani.s_
Each type rbsrracts ao inportant category ol dynanric
behavior-Borv ond rioirtiluous .hmge (prrtL dcscrip-

Figure l8-A slort crdoon-$hsr rhe viev€r se6r A rnsn,
ifippiq l)litlLelJ along, kicks ! dos lrins in li! plih. ttE dog

nses and orls o[ io ihe righi Gltosn !lDve). tr thcn
retuns, teelh lBred (slo\n il Fisure llr), snd l)ir6

ilre mBn. The Dr&n jui\)s snd runs Bss!. Thc dos
!n$ iollo\rs, then '€ttrins on.e rssi,i to rcsr

' f l ,e  J " ' ! t ron  u i  . l .F  .Pqu.n*  r
4proxinratelr' 20 s..ords

iions), sivitching aud repotitivo choico (selection de-
scriptiorN), a d rhythr)r and s5.rLchrorry irhythur
descri iol!s). 

'1'hc 
vocabulary is a.o,!.nr)i, al, flexible,

and gcn{}rri iD Lhe sense that it ca 

 

charac(erizc lLc
dynami. sirnilarili6 that exist ift scenrinsly diyds(
eurmauorr sequence3.

The use ol dynanrni descril)iiorLS (!Lrplcs picrurc
defirriiiol by sket(hins and by algorit hnr; it furthcuror.
alloNs bolh lofol (of rl)e ildividual franre) etrd global
(for an interval ol tinr{, (.(nitrcl over dynanins. $i
have i jhoser  t ( )  s l ress thc la t ter  a ld adopld tho tcrnr
"$obal  dynamic desc. ip t iorL" ,  f (n i t  is  rhe capaeiry
for glohal (loDtrol lhal results uxrluely Jrolr rhe usc
of  tho computor  as r ln  rn iDt l r l io l  nr( l i r r rn.  \er  a dr-
I  , , i "  d h ,  r i l ' r i , , , r  i .  r . ,  o r r l v  : r  r . t , r , \ . , r r ! r r ' ' r  , ' r ' r ' . r  I
in terval .  but  . r  so i 'ucrr r 'o l  s i ls lc  cL{r l |er rs  \ rhosc r ) ! ! l i -
f ic i t i { )n a iso pmvides lo i io l  nnLl f { ' l  ( rvef  i r l ( l iv i ( l iu l
frenres. lloth l(,c:rl and slol)al c0nrrol arc viral 10 th.
succ$sfrl sl'nth6is of lltovellrent. lle rrho flc.idohlrllv
orashes rnio a \r'li $hile rrDnirs frour lhe |olico is
going ironr the contilnrous to rhcdisoe!., fronr a stobal
Droiior 10 3 lo.al cvent. IIe $ho anns to scale rlrt' irall is
in terpoLal i r iB thc (o| l r i r ruous bc l . rur  thc r l i * rde.
id jusr in lathesl  a l  to  f i r  thcfo ls lu i r r rsof  r |c  l ,xa l .' l 'he 

natunl l r .ss and poNci  o l  rhr  r (n r l ,u i . rN rs
i n ,  r e r . A l  h v  r 1 , , .  u l , i l | | . "  , ,  r " r r . t  l u r ' .  | |  . r  i r  | L r , { !
ac i i !e  sraphics envi rontr r { r i .  ' lhcfc  

{ r \ isr .  f t ' f  { r ( l r
k i r " l  , , f  J  x  r , r  r , ' ' ' l : r t  r i . t .  i . , . r , r r r  , i r  .

Fistre l7-lll rels used hr \t6. Jo\nson in the snnnsliotr.f
Oopy-he lials his 6r, r'inks, and Ftn,ks .ur his ionsue Are
shom sqle ntDsdl on lhe left. To th€ r'ght Glt\ltSYS is in

iBme DDde, in Nli.l' th. .urFDr stst€ oI a padictrlsr
Inme is disllayed. Also visil,le aE "lishi-lnrttons"

repr€s€nrins .el dass.s ('n.dh. ton{ue. ere. .sr,
l'rcw). The aniDsiir !r.L rltar the ourrenr

fmme. iNirchins tl€ selernnr of i rcl
lmn r rl4 bJ l)onrting si ir,.rrhsn,{n,x

its lositn 

 

l,v trnnrs lnolr\ Iodt.d
under tlle tcope. T[e md.rlv s

nrovenrehr desr]irr intu si.
rulonEtn,NltJ. updst.d

br- G!)NDSYS
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lL.m r$-A sholL c..!ooD-how ii 's m.de: Mr lphnib

col@ of ois4p, Ner J.Ev, . mthe@ticie and prcg6nh€t

rtrc is al$ r sldlt d sri@turbt, coopleied the 'eb lor hjs

oit6n on€ @kad dt hootr rt lb. TX-2 The 3v't€D then

c*h€d, ud be ws forc€d t Eturn home. Ho @t tnrcugh

tlD dil tour seLciior d6cripiloE, [o ch()@ @b lbm

the cl.ss "ll@'r

hsd", &d "dos's bodY", &d two P'l'h
dqdiPtiou, ro dnve bo.i@Dblly th€

!N sod tb6 dog. I'he sutho. input t'h€

dy@icdecnplnou, vi6wd tb€ @ulq
ud l,he F6n€d lh. movio bY

6mEl ii€rsiiob ol €ditilg
th. de*ipiioB ad Yiewjlg

such es the wsv€form which proYide a globsl view of

snd tscilitste pleciEion control of the temporal behavior

implied by the sequences. There exist, for each kind of

daia sequence, mer,hods of dynamic specificalion such

as the clocked skekhing ol psrsmetlic curve€ whroh

allow the sdmator's sense of time to be trsnsmitted

direcily through th€ m€diunr of the computer into th€

animat€d displ8y.
We use t.he term "clobal d}'nglxic descriptiotr" and

the name€ of the ihre,e types somewhtt loos€ly in

referring both to the underlyingdyDsmic drt-s sequenoes

and t their corrsponding pictodsl representetions

The i$precisiolt is Purposeftrl, for it jB very sigrificant'

tbAt, ir sn interactive graphic! enviloment, one caD

eesily tnverse irt erther ditection any leg ot the triangle

lDynsmio Dsts gequence, Sratic Piclorisl llopresenB-

iiou. Dyns.mic Picrorjal ltepresen tst ion l. Whal re6ul13

iE sn importsnt plssticity in the r€presentetion of

dynsmics, ChsBcterizstioDs of chsnge can be manipu'

dted ("hifted, strctched, superimposed, . . .) s'ithin snd

betw€€n the domsins of the static snd the dvnsmic

Ficuft 2o-A sho.t @!toon-{hv it vo.Li: The d}umic

d;riDtioE deaDhg Mr. Coh&'s 6.too! s ol Jesry, t969,

src .hown sbove. The elecl'oD descriptioG, IDd iop to

bottom, belols ro th€ t]d's hqd, th€ M!'. l€gs' i'h'

dos's hed, nd th. dos's tFdv. Therc trc 4, E

8, sd 4 c€,b i! €dah cls, EpoctiYelY'

Th€ tPo @velotu rcPr€ent' tne

chsnce qith iine ol th6 ho.tonbl
coodilst6 ot the m&n

Nd ihe dog

Sevoml onimation sequonces cs,n resdily be relat€d,

coordinated, or unifr€d, reg&rdless ol whether or not

thev €ver occur coEcurrenrly. n]'D"smic beh'evior fd8la)

can rea.dilv be transferred from one animslion subse-
quence (including tte anitDstor) to snother, fron) ore

mode of repr€seitstion or ernbodiment ih a picture to

enother.
Our concept of s picture is s bmad one, srd purposely

so. For ss q,e etr€ss iu relereDce 28' s computer-mediated
picture is not oDly sbBt is viBible but wbat rs con_

Lined in its model in the computer system AJld the

svsrem, i.e., an inletsctive snjmstion system. includee

nol only disks arrd core but an animat'or end perlnpe

sn ongoiru physics experiment ss $'ell as a tsPe-recom-

"a "p"*t. 
_fli" 

systern evolves continuslly thmugL

real time. Occasionally there occurs s psriicular reor_
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garization of the systen which results in the trsnsfer
of infomration from the animator to the pictori&l dat&
base, or iu a computatior orr the data bases'hich results
in a sequence of visual images (i.e., drta directly con-
vertible by herdware into vjsuel inag€s). Thus, as we
have str€ssed before, the act of mimicking dynamics
is a (user-drivcn) dynamic picture. 'fhis unilcation ol
lhe.oncepts oJ piclue a.rd d.lion is important.

The greater is the number and genemlity of avail-
ablc modcls of picturcs &nd o{ processes of picture
construciion, the more Rexible and powerful is the
&nimation system in its ability to d€al with dynamic
information. The design ofa multi-purpose, open-ended
animstion langurg€ that &llo*'s the cniDator himself
to synthesize new models is outlined in reference 28.
With s'uch s. language one can descdbe srbitrary
action-picture interpreters that extmct movemeni
dascriptions from the snim&tor's use of system devices
and transform them end existing static alld dynamic
displays into nerv st&tic and dynamic displays.

Finally, f,he use of dpamic descriptions helps estab-
lish a conceptual fra,mework which facilitates emcient
use of the rcsourc€s of the 'nin3tion syBiEm: ani.rnator,
softwr,r€, and hardware. For details, we agaitr rBler the
r€ader to Efer€nce 2a.

ErtEnsions, appliroliont, implia,tions
'fbis paper is a pointer to a Uarch, 1969, Ph.D.

dbsetstion,6 which includes the lnateial contaiDed
heEia considersbly expsnded, some suggestions for
futur€ research, and.. . .

1. There is s discussion of major di-fficulties in
iErplernenting systehs embodiry these idea€,
with thoughts on the citeis supporting sub-
sj'sterDs (both hardwaE and so{tvs,re) should
$tisfy to faeilitate irrteracti!'e compurer-medi
ated animetion. The euviro ment in which
curr€ni implern€nbtions exist is described ill
another paper beiry deli\,€rEd at this confelence.D

2. Thele is s lengthy outline of s proposed design
of ar Animarion snd Picture Pro{essing Lsn-
guage. APPL is a multi-purpose, open-ended
interactiv€ anirnation pmgramming language,
through which the anjmstor may also exercise
algoritlunic controt over a dynamic disp)ay.
The languase wjlt contain quasi-parallei flow
of pfogram colltml, a data structure th,st is a
gercralizrtion ol alt hiersrchic ordered dr,ta
rpprrsentations, an ext€nsible cbss of pictr.rr€
descdptoN, and i formalism which models rhe
anin|tor's d''Dllllics as it models the dyn_]mics
of snv pichu€, thIti is, as an integral component

of sdrnated qystem beh.svior. A bajor design
goal b pl$ticity in the representaiion of dy-
namic information and fl exibility in the techniques
and conwntions with which the anirrlstor inter-
acts with the 8j€tem. It hae been r€rified on
psp€r that s langusge containing thee featunes
csn gracefully be used to constnrct dynsmic
displays, to build system tools that aid the
constnctiod pro€ess, snd to implement specisl-
purpo* int€raotil€ ormputor-medisted snima-
tion systerns.

3. Finaly, thet€ tu & ddcriptioa of potential sppli-
cations of this work in education, psychology,
psychjatry,8nd the artu. Itr snother Faper
being deliwed at this conferencs, HuggiDs and
Entwiste eloquently dascribe the role of com-
puter aDimotion in fulfilling the great untapped
pol€ntial of "iconic llodes of conDnunication
atrd instruction", in produong "visual inag€s
th6t in theil ability to cotnmunicate idess al€
superior to tradiiional graphical irnag8 on
paper or blrckbosd."o "fudesd of static im-
sges, words, and rmthenaticsl sl1nbol-s", they
Buggest, "w€ nlay crest€ dl.nanic sign-s that
mor€ about snd develop h sef-€xplsD,Btory
ways to express sbstract relations and concepts-"
".... A dr.namic dirnension ie now avsilable
th.at Iequircs the itrventioa atrd de.v?loproent of
new con!'entions and a visual sytrtax sppropdate
to this new madium if it tu to be fu.lly u*d for
cotnrnudcaiion and educstion." May th€ ialdas
in our p$per coniribute towsds this goal.

With r€spect to the arts, w€ cotrclude by r€peating
MclareD's descdption ol admationi

(***tuiDration i! trot the srt of DRAWINGS-
that'nore bnt the afi oI MOVEMENTS$aL
are4rab\.

'*lwhAt happens beht)een e''ch franrs ls mort
iinportant th.an what exists on each fratne.

"'Anirution is therefor€ the &rt of manipulating
the invisible inteNtic€s thrt lio bei\r€en franes.
The interstices ar€ the bones, flesh and blood
of the movie, whst is on esch frame, merely
the clothing."!

This paper may be rogarded as a rcport on a us of
the computer in "the srt ol MOVEMENTSI\aT-arc-
dra1n," it the manipulation of ',the i{visible int6r-
stic€s tMi Iie bet*€en frames."
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