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ABSTRACT

Th is paper descr ibes a frame work for a computer model
of stick figure understanding in which semantic inferences
are made from body postures. Stick figures of humans are
shown to provide a rich environment in which to develop and
test techniques and methods of visual understanding . The
computer system which will implement the theory is called
SKELETUN . The notion of a hierarchical organization of
recognition packets running in parallel is introduced . This
paradigm is applied to an example. In addition , it is shown
how SKELETUN relies on interaction between model-driven and
data-driven modes.
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Understanding Stick F igures 1

1. Int roduction

The goaL of many researchers in arti ficiaL inte Lli gence is

to produce sy stems which e x hibit cap abi lities that are norma lL y

attr ibuted to huma n be ings. If these c a p a b i L i t i e s  are inte pr atea

into a sin~ (e syst em , we wouLd hope that the system wouLo be aoL .

to uncerstand mno inte L Lig entLy interact with a comp lex

environment . The compLex envir onment wouLd consist not onLy of

Object s but aLso of people. An inte lLigent system wilL therefor .

have to be abLe to Look at people and understand what they ~re

doing, i.e., understand their actions and gestures . This

incLudes perce iving and understanding the actions and gestures of

isoLat ed indi viduaLs as we ll as understandin g the actions and

gestures of groups of ind ividua ls interacting with each othe r.
£Aa ,ptes of action s and gestures are running, throwing , poin ting,

fighting , and pL .ying footbaL l .

Wha t is invo lved In perce ivi ng and understanding actions and

gestures of peopLe? First, a photograph or teLevision p icture of

the people must be digitized and stored in memor y . The n,

featur es such ms shapes of body parts , connected regions , ano

joint i.osition s must be extracted. Neat, these features must be

combined in order to ootain a L abeling of the body regions, e.g.,
upp er arm, L ower arm , torso, etc.

Onc e the body regions have been labeled , there are three

main types of understanding which can occur. The first type

invoLves understanaing the actions and gestures of IsoLated

inøivio uats , assuming they are not interactin g with other people.

Loca l body gestures and body postures of the individua l are used

to infer what he is doing.

The secon a ty pe involves understanding the interacti on of

two or more people . For exam p le , if a photograph consists of one

person with his hands stretched straight up and a second person

holding a gun which is pointed at the first person , then our

understanding of what the first per son is doing (i.e., arms
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Understan aing Stick FIgures 2

s t r e t c h e d  up)  is increased if we take into account the action of

tri e second person ; that is, we hypothes ize th .t a robber y m ay be

occ u r r  ~~~~~~

The third type of underst anding involves t ak i n ’ a seouen ce

of ~.ho tograph s cf peopl e and trying to understand the ~eaning of

tP~e .PoLe  sequence . This sequence may be eit her snapshot s ta irn

very rapid ly one after another (e.g., 1124 second ap art ) , er

scenes suCh as those in a comic strip which convey a story.

I s,plem ent .tiori of the thr ee types of understand ing .ouLø be

ver~ dif f i c u l t ,  since the technoLogies available for thi s çurpose

in the areas of computer vision and a r t i f i c i a L  int e t (~~~e n ce .r c
in the i r infancies . I have therefore decided to conce ntrate cy

researc h on uncierstandin g the semantics of Dody postures. body

gestures, ari a actions , w hi t e avoiding the problems of Low — Le v eL

visu a L processing involved in extraction of syntactic features

f rom pi ct u r e s .no La ceLin g body parts in the pic ture. ‘~r,e way of

avoid ing these crob Lems while stilL maintainin g a rich domain of

hum an gesture s and actions is to Lim it the domain to s t i c k

fi~~ure s of hum.ns. This el Iminates not only the p rob iru s of

ex tract ing, ident Ifying, and L abeling region s of tPe human ~ooy,

but also the p rob lem of occlusion of one part of the bod y by

another.

M y research w i L L  i n v o L v e  deveLoping a theory ano system
w h i c h  will recognize the actions and gestures of stick figures

en,a~e . in act ivities such as weepin g , f igh t i n g ,  pointing,

s c r a t c h i n g ,  e t c .

- - - - -.—~ -- ——-~~—— - — -.—.———-__.l.. — • — - —•- •



Understanding Stick Figures 3

2. M otivat i on for the R esearch

Section 1 points out the d e sire of the a r t i f i c i a l

i n t e L L i g e n c e community to deve L op systems which can understand

and interact w i th a comp lex environment, it is th eref . re

important t o  d e ved op techniques of understanding the gestures and

ac t i o n s of peopLe , since peop le are cer t a i n t y  p art of m d r i y

e n v i r o n m e n t s ,  what are some of the specific app L icat ion s,
howe ver , of this research? What purpose wouLd the re search

serve?

One application ties in the fieLd of robotics. A •obite

robot , suc h as a robo t house—servant , a robot bab y—s itter , or a
robot factory worker working among peopLe , may need to have a

reLative ly sophisticated capabiLity of interacting with people.

My research wiL t develop techni q ue s and methods wh i ch may help in

provi ding this capabiLity at the visual Leve l .
Anothe r purpos e of this research is to develop computationaL

techni que s of unoerstanding in general. Understanding systems

are important in the natural Languag e and probLem solving comai ns

as we lt as in the visuaL domain. Many of the issues invoLved in

buildi ng understanding systems are common to aLL of  these

domains. I feet that the stick figure world offers a rich

environment in which to test and deveLop computational tech niques

and methods of understanding. In this regard, my intention is

not to deveLop an ad—hoc system which can understand onLy a

Lim it e a set of stick figures. Rathe r , I intend to deveLop Ideas

aria techniques tailch are generaL enou gh to be a p p L i c a b L e  to other

domains of understanding. E x ampLes of these domains might be

scenes with out peop Le, natural Language stories , and abstract

concepts in the sciences and arts.

A fina L purpo se of this research , and one that I fee l is

rather important, is to develop modeLs of the cognitive processes

used b~ the human mind in perceiving and understanding other

humans in the visuaL world. Certain ty, one can ar gue that any

— _. •••

~~~~~~~

••_

~~ ~~
••

~
•
~~~ 

••

~~~ 
••••

~~~~~ 

,,_— __•_

~~~~
•• — — —

~~ 
- - —.



Under stanoing Stick Figures

sy st em constructed to unoerstand stick figures may h.ve

a o s o l u t e L y  no thin~ t o  do with the w.y humans un d erstanc st i ck

fi~~ures. Furthermore , it is extremely C i f 4 i c u L t ,  ~i f not

im~~ossibLe, to use today s techno l og y to test the v a l i d i t y  of a~ y

m ood of hu~~an ~nderstandin; . HOW then can anyone c L a i m  t~’a t a

pr ogram runn in j in a computer has anything to do with w~~at gcr~
on in the huma n mind?

The nature c~f c o g n i t i v e  p r o c e s s e s  is very poorLy u nd , rS t c iO C

b y p s ,ch oLo gis ts . Since various methods of und er standin~ t hese

p rocesses have yielded only modest results in the tas t, I feel

tPidt viewin g the human m i na IS an informat i on pr ocessing syst er

is a v al id app roac h which cannot be easily dismissed. f one

acce ct s th e p ossibiLity that this approach might b e  v at i a, then

one can be~~in to comprehend why a computationaL system W h i C h

und erstan os stic k figures migh t pr ovioe a means of inve st igatin ;

hu san u fl0ers tan din~ of stick figures . Certain t y, I wo uLd not

cLa im that any syste m which I construct works ex actly the way the

human mino works , what I do cLaim, however, is th at the

constr u ction of such Systems at Leas t forces us to consider the

de t a i L s  of what might be involved in cognitive processes.

S e c a u s e  of th i c , the construction of such systems proviaes

insi~,ht in to  the w o r k i n g s  of the human mind whi cP ~ we mi ght not

hov e been abLe to obtain in any other way. The t h eo ry  of

unoerstan aing stick figures which I wi L L  deveLop w i l l  pro bab ly

rela te onLy mar g inalLy to the way humans understand stick

f l~~ures. Hopefu lly, however, it will provide insight into the

way the human mind accomplishes this understanding as w e l l  as

pr ov idin g a groundwork upon which better theories can be

deve (opec.

— .— • . .-
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Understanding Stick Figures 5

3. ReLated Work

The f o l lo w i n g  work has been don e in e x t r a c t i n g  i n f o r m a t io n
aoout human figures from pictures.

Speckert (Si) has looked at a sequence of pictures of a man

wa lk in~ as seen from a side view. His pr ogram extracts all the

booy joint positi•ns (e.g., shoulder , elbow , hip, ankle, etc.)

ana (abets them. This work complements my research, since it

w i l l  aid in devisi ng stick figure representations of humans.

A oLe r (Al) has buil t a system which can identif y and give

eLementary description s of characters in Peanuts cartoons. Hi s

recognition process is concerned main ly with descri bing shapes of

irreguLar , curvec objects and finding hidden contours, A g a i n ,
this work compLements my research since it is concerned more w i t h

extracting and Labe ling bod y parts than with making seman ti c

infere nces.

Tsuji, Morizono , and Kurooa (TMKI) have attempted to anaLyze

aria unoerstand a simple cartoon film. The input to their system

consists of ai gitized versions of each frame in the film. The

sy stem is abLe to answe r eLementary questions about the action In

the film. This work attempts to cover low—LeveL visuaL

pro cessing of the fi lm p lus higher level inferences. 8ecause of

this, the system they have built is elementary in that it can

analyze onLy one simpLe fiLm. However , this is one of the first

attempts to analyze and understand a dynamic world.

Som e preLim inary work in making semantic infere nces in a

visuaL domain has been done by Boose and Rieger C8R1). They are

concerne d with extracting information from the facial expr essions

of cha racters in a children s story book, FaciaL features are

used to infer qualities such as anger , happ i ness , and

frustration . My research may be abLe to use some of the

techni ques and me shanu sms deve loped by Poose and Riege r , although

I am conc erned primarily with expressions conveyed by the Lim bs

of the body rather than expressions of the face.

—— ~— .— - ~---- .- -- •- --- - —~~~~~ —.-- • -. -• 
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Understa nding Sti ck Figures

Sm o L i a r and kebe r tSwl) are Im p lemen t ing a S)SteP w I ~~i c ~~ si L l

p ro~~uCe an imat i c n ~ f h uman mov em e nt on a Ir ap hi cs d i s p L a y .  T hei r

i r ite rn~~ L representation of human movemen t is in the .rsat o~
La u an otat i on , a notation f~~ r recordi ng human move m en t In dance.

I .iLL not be usiri ~ an internaL representat ion Of s t i c k  fi gur es

basec on Labarotation because I be l ie v e it is of no t ’eo r et icat

intere st in the context of g e n er a L human 1nt e t t ~ gen ce.

LaL ano ta ti on inc srpor ates a detai Led , symbo l ic , ‘—d tm en sfori at,

time—dependent rep resentat ion .hich gives the p osition ~ f every
pa rt of the body. It wouLd ~e very d i f f i c u l t ,  ~~e rh . p5

imp osS ibLe , to ~.c an arbi t r a r y  2— aim en sion aL draw in g of a st i ck

figure int o tb ’s rep ,e sentation , sinc e the tine segment len gth s

aria an w les are not •cc r a t e l y  measur ed when d r a w - .  I b elieve

that a di ff erent approach (to oe ex p lained L ater ) will Drove m ure

feas ib le and p ro w ioe a be tter theoretical basis.

— *  - - -•— --~i~: 
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Unders tand ing S t i c k  F igures  7

4. Researc h Prop .sat

m y research w i L l  invoLve the constructio n and Implementat i on

of a theory of stick figure understanding. The coeputer

imp l ementat i on of this theory will be referred to as SkELETUN

(S~~ELE Ton UN de r st and in~ ).

4.1. Syn tax Ccmponen t

A stick fig ure w iL t consist of the folLowing body parts: a

circular head , tw o upp er ar ms, t w o  lower  arms , two hands, two

upp er Legs , two Lo w er legs, two feet , and a t o r s o  cons i s t i n g  of
three parts. Ex amples of stick f i gures a re  shown in Displays

1—i~~. Each p art of the stick figure , except the head, w i l L  be a

sin gle stra ight tine segment. The points at which the ends of

the line se gments meet wilL be the joints of the stick figure.

Since the torso consists of three parts, it contains two joints.

T he input to SKELETUN w iL l  consist of the folLowing: (1) the

coordinates of the end points of eac h Line segment of the stick

f i g u r e ; (2) the po in t s  to  wh ich each point is connected by a Line

segment; (3) the coordinates of the center of the circle

representing the head; and (4) the radi us of this circ le. This

in put wiLt be hand—encoded by a human . Appendix A contains the

LIS P hand—encoce d input for the f igure  In DispLay 1. After

SKELETUN receives the input, it wilL LabeL a L L  body parts of the

stick figure (i.e., head , uppe r arm , Lower arm , etc. ) and

calcuLate the projected, 2—dimensiona l angles of aLL the joints

(i.e., projected eLbow joint angle, proj ected shouLder—u pper arm

joint angLe , etc.). This initiaL preprocessing wil l provide

input to the understandin g component of SKELETUN.

---
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Understanoing Stick Fi gures 6

4.~~. u nd e rs t a n uin~ Comp onent

The understanding component wil t utilize the notion of

ira,es (Ml) .  A frame is a data structure which rep resents a
stereoty pe. It contains constraints which must be sat isfi co if

an ob ject (or circumstance) is to faLl within the stereotype .

Once an object can be seen to “fit ” into a certain fram e , st rong

pr edictions about properties of the object can te made without

ob ser viri Q these iroperties directLy, since the frame w i l L  SuggeSt

cert .in p roperties which are ty p icaL of its in stantiat i ons. The

f r a m e p r o v i d e s  a gene ra L  means for  recognition . A~ ao d it io na l
p rop e rt y of frames is the folLowing . The frames in a system ~ re

l inked t o g e t h e r in such a way as to form an information retriev aL

network. If a frame is i nvokec  fo r  re c o g n i z i ng  a certain object ,

but the objec t taiLs some of its tests , then the network ~as the

ca p abiLity of su~gesting other frames whi ch ma y be invoked.
E x am p Les of frames in SKELETUp . a re SAD NESS, RU eBI N G— rA C E ,

SA~.uTIr~G, LOO KIN6, SNO~ ING— OF F—Mt JSCLE S, ARC HED—TORSO, SIDE—V IEW ,

TOUCHING , and others to be pres ented later. (The term “frame

w i l t  suon be abandoned in favor of a more  specific term. )

4.3. Ex ampLe

A n e ~ am p Le of the appli cation of frames to the unders tanding

of stick figures is the foLlowing . Suppose we input the drawing
of DispLay 1 to SKELETUN. The initia l prepr ocessing wilL Laoel

all booy parts ano determine projected angles of all the joints.
Let us view the output of the preprocessor as data, ~KEL ETUN
w i L l  begin  in • data—driven mode. At this point, data wiLt be

used to invoke frames. ExampLes of the kind of data which may be

used for this purpose are: positions of the feet and hands,

position s of the elbows and knees, shape of the torso, and

others . The positi on of the feet in Di spLay 1 wilL indicate tha t

a side view of the figure is being observed, and thus a SIDE—VI EW

• 4 — - - — • -— — - ~~~—-— - - _-1_•___----.
~~~•___ _ -— —-———-



understan ding Stick Figures 9

frame w i L t  be imvoked . This frame wi l t determine that  the rea L
an kles at which the elbows are bent (i.e., in 3—dimensionaL

space) are appr oxi mateLy the same as the eLbow angLes seen in the

2—d imens ional drawing. Next , the positions of the hand s ins ide
the circle representing the head wiLt invoke the TOUCHING frame.

This frame contains heuristics to verify the occurrenc e of any

touching relationships, especially touching relationsh ips

invoLving the hands and feet. Thu s SKELETUN again becomes
frame— orive n, or mode l—dr iven. (The data— arid mode l —d riven

concepts described here are simi lar to the concepts of active and

passive knowledge described by Freuder (F2].) The TOUCHING frame

has inherited the information f rom the SIDE—VIEW frame that the

figure i5 facing the left and that its face is thus probably aLso

p ointin g to the Left. Since the hands are inside the Left part

of the circle representing the head, the TOUCHING frame concLu ues

that the stick figure #s hands are to u c h i n g the face.

The informati on that the hands are touching the face, wi th

the eLbows in the given position, will invoke a number of

candld.te frames, inc l uding the SADNESS frame anc the

RUBBING—FAC E frame, Suppose the SADNESS frame is given control

init ia lLy. This frame will have information indicating which

gestures are appropria te when the figure is sad. At this point

SKELETUN will again become model—d riven , The SADNESS frame will

contain heuristics such as the following: “One of the things 1

should Look for is a bent back or arched torso. I wilt therefore

invoke the A RCH E D~ TORSO frame and see i f  it can find an arched

tor so.” The ARCH ED—TORSO frame wilt now gain control. It will

have a c c e s s  to all data and resu l ts  known by the SADNESS frame.

• The ARCHED—TORSO frame, knowing that the figure is being observed

in a s ide  v i e w ,  w i l l  easily f i n d  the arched torso in the figure.

When thi s feature is found, the ARCHED — TOR SO frame wi l t report

succe i s bac k t o  the S A D N E S S  f rame . If th is  in fo rmat ion  is enough
to v e r i f y  the SADNESS f rame,  then SKELETUN will “unders tand” this

f i gu re  as  bein g in a s t a te  of “ sadness. ”
Suppos e that SKELETUN is trying to understand D i s p lay  2.

The positions of the feet , arms, and hands in this drawing are

- -- - — - • - -•- ~—-- - - .- ~~~--- ~~~~~~~ 
— -~~~~~~ - -
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Understanding Stick Figures 10

simila r to  t h o s e  in D i sp l ay  1. SKELETUN wou l~ therefore again

Invoke the SADNE SS frame. However , when the frame tries to

verif y that the fi wure has an a rched back , the A RCHED—TORSO fram e
w IL L instead report that the back is strai ght. Heuristics in the

con tro l component of SKELETUN (I.e., t h e  information retrieval

network ) will indicate that if this occurs, con t ro l s h o u L d  be
passed to the HUu B ING— FA C E frame. Thi s frame will inherit a l l

the data obtaine d oy the SADNESS frame so that It w i L l  not have

to dup l icate any work. The frame wi ll then attem p t to determine

whe the r or not the current stick figure “fits in.” If this

a t t e m p t is successful, SKELET UN will “unders tana ” this stick

f i gu re  as be ing in a s t a t e  of “rubb ing i t s  face. ” Note that

SK E L E T~ N f irst tried SADNESS r a t he r  than RUBBING—FACE. The

fi gures in both Displays I and 2 are rubbino their faces.

H ow e v er , s a y i ng  that  the f i gu re  in Disp lay 1 i s  rubbing i t s  f a c e
r a t h e r  than  o e m , sad does not cap ture  the  most  s ig n i f i c a n t
con ce p t to  be in te rpre ted .  S i m i l a r l y ,  in Disp lay 2, SKELETUN

wo ul d have preferred to choose SADNESS. Howeve r , since SADNt SS

is inappropriate , RUBBING—FACE becomes the most si g nificant

con cept .

T his exam p le of the use of frames points out one of its weak
points , name ly , the serial passing of control from one frame to

another. The system wouLd be more elegant and more generaL if it

did not need a sequencing component to determine which frame

gai ns control next. This couLd be impLemented by conceptually

making the system p a r a l L e l  rather than serial in its operation.

The ne xt section w i L L  eLaborate upon this point.

—b- — —- - “  ,- ‘-- —.~~~~~ - ~~~~~~~- • — — - __________



Understanding Stick Figures 11

5. organization of the System

A s explained above , the notion of frames will be heavily

utiLized by S~~ELETUN . so as not to lock myself into the concept

of a “frame ” as defined by m insky, 1 wilL instead call it ~
“r e c o g n i ti on packet” to emphasize its ma in function: recognition

of semantically meanin gful gestures and actions. The recognition

packet s as described here have some similarities to the packets

of facts and demons described oy Fahlman CF1).

5.1. Recognition Packets

SKELETUN w il l incorporate a hierarchy of recognition

packets. The first version of SKELETUN (which wiLt understand

isolat ed stick fi gures ) will consist of primary and secondary

recognition packets. Recognition by the primary packets will

constitute the main method of “understandin g ” by SKELETUN . These

packet s will consist of representat ion s of semantic concepts.

Thus , if a stick figure drawing can be categorized as showing

SAL ’NESS, or RL~bbI NG— FACE , we will say that the system has

achieved a hi~~h leveL of understanding . (See Section 7 for more

examp les of prima r y recognition packets.)

The secondary recognition packets wilL constitute a more

syntactic—basea, Love r Leve l of un derstanding . These will

includ e ARCHED—TORSO , CHEST—THRUST—OUT , LEGS STRAD DLED ,

SiDE—V iEw , FRONT—V IEW , and TOUCHING . The secondary packets are

components of rec.~ nit ion which by themselves are not adequate

conc epts for “unoerstanding ” the stick figures. However , the

primary rec ognition packets may invoke or obtain results from the

s•condary packets to aid in the recognition process.

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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5.2. ara l l e t i s m  in the System

Conceptua lly, SKELETUN w i l t  inc orporate much p arallelism i n

its proc essin~~. Initial data, for ex am pL e , need not invoke only

a sin g le re c ognition packet; they may invoke several p ackets

“simu lta ne ousL j. ” Each packet w i l l  independent ly  t r y  t o  v e r i f y
it self. Those which are unsuccessfu l wilt simp ly “die out.” The

others w i l l  aectare themselves successfu l . It is important ,

h o w e v e r ,  t ha t  all r e c og n it i o n  packet s be able to communicate wit h

eac h other. This can be imp lemented by means of a global work
sp ace. This concept is somewhat similar to the “blac kboar d ” used

in the Hearsay system (LEI). The work space is an area which is

accessible to il l. of the recogniti on packets. They wilt place

their resuLts in the work space and obtain the results found by

other p ackets from the work space. In the ex am p Le in Section 4,

the SIDE—VIEW, ARCHED — TORSO, and TOUCHING packets wiLl pass their

result s to the SADN ESS and RUBBING—FACE packets via the work

s pa c e .  If one recognition packet needs to invoke another one,

this can be don e impLicitly by pLacing a message  in the work
spa cc.

The conce pt  o f  the work  space allows all recognition packets

to  be independent moduLes.  Thus , if one w a n t s  to  add a new

packe t to the system , he need not know about a l L  of the other

packet s alread y in the system. Furthermore, the independence of

recognit i on  p a c k e t s  im p l i es  that the s y s t e m  c a n  be run on a
p a r a l l e l  mach ine , since there need be no higher level sequenc ing

com ponent to  determine which packet must be invoked when. The

notion of parallel recognition packets acting simultaneously is

also theoretically pleasing since the human mind seems to work

s i m i l a r l y .

5.3. E x a m p L e  of the Control  S t r u c t u r e

Consider the exam ple in Section 4 in Light of this parallel

- • ~~- — —.-- —,—- - - —— --——-—- - —
~ 
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organi zation. Di splay 11 shows the h ie rarchy  cons is t ing  of da ta
at the lowest L eve l , and secondary and prim ar y r ecognitio n

p a c k e t s at the next two  levels. Disp lay  12 is what a t r a c e  of
the program running on this example might look Like. Ei ther a

recogni tion pa cket or data may be In control . When a recognition

pack et is in cont iol , we say that the system is model—driven. As

the pa cket attempts to verify itseLf , it wi l l  make assertions

which are pLaced in the global work space. Recall that aLL

assertions in the work space are accessib l e to aLl packets. When

data are in cont rol, we say that the system is data—driven. In

Dis p Lay 12, an assertion made by data indicates which data are

invoking the mo dels. The purpose of this display is t o i nd i c a te
the control used for this exampLe. Disp lay 11, on the other

hand , indicates the organization of the syst em required for thi s

e x a m p le .
The numbers aoove the boxes in Display 11 indicate the order

in which each recognition packet is invoked. Note that the three

seco ndary recognition packets are all invoked by the data

simul taneously. However, both ARCHED—TORSO and TOUCHING need to

know w h i c h  v i e w  of the f igure is being observed. They therefore

must wa it for SIDE—VIEW to place this information i n t h e  wo r k
s pace  c e f o r e  t h e y  can p roceed .  SADNESS and RUBBING—FACE are a l s o
invoked s imul taneous ly ,  but only a f t e r  TOUCH ING and S I D E — V I E W
have asser ted  the foL low ing :  (1) the 2—dimens iona l  angles of the
eLbows are a lmost the same as the 3—dimensional angles; and (2)

the hands are touching the face. By this time , ARCHED —TO RSO has

alread y asserted that the torso of the figure is arched, and

therefore SADNESS reports succ e ss while RUBBING—FACE reports

failure.

5.4.  Body S p e c i a l i s t s

Instead of using onLy the outpu t of the pre processor  as data
(i.e., labels of bod y parts and projected angles of joints ), I

may try the f o l low ing .  Each body part of the stick figure, i.e.,

4 
— — —— - — -~~~~~~~ -* -—— - - -~ — - — —~ — — — - 
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ri~~P~t foot, l e f t  foot, right hand , L e f t  hand, right upper arm ,

Lef t up per arm , etc., can be represented by a sp ecia li st whose

purpos e is to produce a symbolic representation of the p osit ion

of its body part in 3—dimensi onal sp ace . In this manner , a foot

may be represented as “pointing Left, ” “pointin g right, ” or

“po in t i ng  f o r w a r o” w i t h  r e s p e c t  to the  viewe r of the drawiriq.

T h is  w ould p rovide the s y s t e m  w i t h  t w o  l e v e l s  of “da ta . ” Th e
first level wouL o consi st of the output of the prepro cessor; the

second  leve l wo u lo  cons i s t  of the s y m b o l i c  r e p r e s e n t a ti o n  of t he
po s i t i o n s  o f  the body p a r t s .  In th is  w a y ,  the recogn i t i on
p a c k e t s may L ook  a t  e i t he r  leve l  of data .

5 .5 .  hotes on ImpLementat ion

S K ELETUN w i lt be imp le men te u  in LiSP.  It may i n c o r p o r a t e

“de’on s” i n  its imp l ementation. Conceptually, a demon s purpose

is to ,et “excite o ” when a particular set of events occu r . The

aemon “watche s” an arena of events, and when the set of events

for w h i ch it was created occurs , the demon executes a body of

instr u ctions , in SKELETUN , demon s may oe used for body part

sp ecialists or for invoking recognition packets. An interest in g

imp lementat ion of demons in the form of “spontaneous

com puta t ion s ” has peen done by Riege r CR 2 7 .  1 may ada pt th is
im plementation for use in SKELETUN .

-~~ __________- ---.- -— — -~~-- —~~~—- __ ____.
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6. Stages  in the Research

The proposeo research  may be divided into three stages. The

fir st stage will involve constructin g and impLementin g a theory
of unaerstand ing isolated stick figures. This is the initial
purpos e of the research , and most of the ideas in this paper are

directed toward that end.

The secono stage of this research will involve adding the

capability of understanding two or more stick figures which are

i n t e r a c t i n g . Consid er the exam p le provided ea r l i e r , cons is t ing
of one f igure  standing w i t h  its arms straight up in the air and

anothe r figure holding a gun pointed towards the first figure.

If one were to attempt to understan d each figure individualLy, a

d e s c r ip t ion of the scene might be: “One figure is stretching and
the othe r is pointing a gun.” Howeve r , an understanding involving

the two figures as interacting humans might be: “A robber y is

occu r r i ng !” Indeed , the unde~~stand $ng of the scene changed when
the to ta l  c o n t e x t  w a s  taken  into account .

O ther example s of high Le ve l  sema nti c in ferences that  can be
made about groups of s t i ck  f igures a re  (1) “chorus line ” instead
of “a grou p of dancers; ” (2) “t rack meet ” instead of •‘ a b u n c h  of

people running;’ and (3) “socce r  game ” instead of “a b u n c h  of
people runn i ng .”

The th i rd stage of this rese arch v - ILL involve investigating

the understanding of comic strips which are purely pictorial and

consist onLy of stick—fi gure characters. This would probabLy use
many of the techniques used in natural language story

com prehension (Ri), since a pictorial comic strip tel ls a story.
A pi cture—story understanding system wiL t be able to  infe r all of

the cause-effect relationships wh i ch occur from one picture frame
of the comi c s t r i p  to  another.  The system will dis play its

unoerstanding of the comic s t r ip  by out puting an English summary

of the story Line .

-—
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7. TIl t Data Rase

The data case consists of drawings of stick fig u re s by many

dif ferent peop le. Disp Lays 1—ic show examples of drawi n g s In the

aata case. The first version of SKELETUN i i l L  have ten p r i m a r y

reco ,n it io n p ackets to be used for und erstanding. The name s of

th ese packets , pLus examples of stick figures whose gestures can

be categorized by these packets , are the folLowin g:
(1) weepinj, or sad — Dis p lay ¶

(2) rubbin ~ lace — DispLay 2
(3) reLa xec position — Disp lay 3
(4) saLuting — Disp La y 4
(5) Loo kin~ or seeking — Disp lay 5

(6) pointing — Display 6
(7) show in~ off musc l es — DispLay 7
(8) cupp in ~ ear to hear better — Display P
(9) bo xing stance — Disp lay 9

(10) scratchi n ç own back — Display 10

Not e that most of the recognition packets deal with static

gestures rather than actions, particularly vigorous actions. I

feeL it is best to start with static gestures since they are

easier to understand .

The e x a m p L e s  ihown in Disp lays  i—i C are only part of the

w h o l e  ca ta  base p resen t l y  ava i labLe .  This data  base w a s  r e c e n t l y
obtained from .n introductory drawing cLass at University of

MaryLand . A brief description of each of the ten concepts was

give n to the forty students in the class. Each student was then

as keJ to draw stick figures which they thought wouLd instantiate

each conce p t ,

Each  d r a w i n~ w i l t  be presented to SKELETUN . if the program

choose s one of the ten recognition packets, then we can say that

it has a good “understandin g ” of the drawing. The program may

choose more t han one packet, in which case it w i Lt be saying:

- 
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“I ’~u not rea lly sure what s going on in the drawing, but it looks

as if the stick figure is doing something which faLLs somewhere

within these packets. ” if it chooses no packet, this means that

SKELETUN cannot “understand” the drawing based on what is

pr esent ly in its memory. This is acceptable since people often

have the same problem, i.e., people quite often cannot realty

unoerstand what a stick figure is doing, since it might be doing

somethin g which cannot be discerned, or it may be doing nothing

in particular. When this case arises , SKELETUN wil t  try to

pr ov ide a conc ise d e sc r i pt ion  of t he figure by using the

secondary recogn ition packets which were instantiated. For

example , SK E L E T U N might output: “Thi s figure has it s Left Leg up

in the air , its chest thrust Out , and its hands claspe d on top of

its head .” This kind of descr ip t ion  shows a pa r t i a l  understanding
wh i ch is based mor e on the syntax of the stick figure than on the

semantics. In the second version of SKELETUN , where drawings

wiLL involve the interactions of two or more stick figures ,

parti al descr ipti ons of each stick figure , when combined under a

h igher leveL recognition pac ket, might resuLt in a fuller

understanding of the scene.

- ~~~- —~~~~~~~ — - 
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8. T e s t i n g  Me thodo logy

The the or y of understano lnç which I wilt construct, oLu s its

im ple mtntat l on thr oug h SKEL E TUN , wi l L  need to he tested to

determine Its adeauacy . i n  order to test the first version of

SKE LE TL N , 1 w i L l  obtain a new data base of drawings from both

amateurs and students of art. In adaition, the data base w i l l

conta in dr aw ln w s of stick figures deriv ed from cartoons ana

pho tographs. The or aw ir~gs wilL be done by people unf amiLiar with

the pro~ ra’.. The same set of drawings w iLL then be pr esented to

a w rou p of subjects who also are unfamiliar with the pr ogram and

who have not seen the drawings before. The subjects wilL be

askec to conci sely describe whit each stick figure is doing.

The se oescrf ption s w i l l  be comparec to the recognition packets or

br i ef description s chosen by SKELETUN . For each stick figure in

the cata base, if the subjects choose a description which is

si m ilar to one of the concepts repre sented by a recognition

packet in SKEL ETUN , then we wo uld expect SKELETUN to choose that

same recognition packet.

- ---- — — -—- --—r-—--~~~ -~~~~~~~~ — —- -~~~~~~~
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9. Conclu s i on s

The domain of stick figures is rich enough to provide a gooc
environment in which to develop and test techni ques and methods
of visual perception and understanding . Furthermore, the domain
of stick figures is interes ting in its own ri ght; that is, a
theory and computer system f o r  stic k figure understanding can be
app Liec to practical engineering problems of robot interaction
with humans . Final Ly, since the domain of stick figures has been

relatively unexpLor eø, research in this area is overdue .

Ac k now le dgment

I wouta Like tc thank Prof. Cynthia bi cktey for allow i ng me to

use her dr a w in j c4a ss to obtain the data b ase of stick figures.
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p

11. A~ p en d ix A

This append ix show s the hand—e nco ded Input to SKE LF TUN of

tht  s t i c k  f i gure in D i s p L a y  1. The coding is in LISP. The stick

f i .~ure contains 17 end points of the Line segments , plus one

p o i nt  for the center of the circle representing the head. The

eno points are Labe lled from I to 17. The x and y coordinates of

eac h po int are aetermined based on coordinate axes whose ori gin

and orientation is arbitrari l y chosen. This procedure is

p erfor m e d by a human rather than by a p r o gram . ‘dote that eacn

eno po~ n-t shares Line segments with at least one other point .

The c i r c l e  is rep resen ted  as f o l l o w s :
( <x  coord.  of c t r . >  <y coord . of ctr.) (radius) )

Each end point is represent ea as follows:
( ( point  no.> C x coord .> <y coord. > ) <a List

of the other point s it is connected to> )

LI SP Input

( C  ° .4 65.5 4.7 ) < — — — —  circle

C 1 C 8.8 2.2 ) C 3 ))

C 2 C 7.6 3.5 ) C 4 ))

C ~ 
( 14.0 3.7 ) ( 1 6 ))

C 4 ( 13.0 3.~ ) C 2 5 ))

C ‘ C 10.9 21.4 ) C 4 .

C 6 C 11.5 22.5 ) ( 3 7 ))

C 7 C 14.3 36.0 ) C 5 6 o ))

C ~ C 15.4 43.8 ) C 7 11 ))

C 9 C 2.7 51.5 ) ( 12 15 ) )

C 10 C 4.3 51.0 ) C 12 16 ))

~

-

~
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C 11 C 15.1 5~~.. ) C 8 12 ))
C 1~ C 12.4 Sc.0 ) C 11 10 9 17 ))

C 13 C 6.9 oS.5 ) C 15 ))

C 14 C 7.7 c5.7 ) C 16 ))

C 1~ C 6.6 b~~.2 
) C 9 13 ))

( it C 7.8 o 2.1 ) C 10 14 ))

C 17 C 11.0 ~1.2 ) ( 12 ) ) )

I

4
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IN CONTROL ASSERTIONS

Data (1) feet pointing left

SIDE-V IEW (1) 3-D and 2—D elbow angles

are almost the same

(2) figure facing left part

of page

(3) face is pointing to left

par t of page

Data (1) hand s inside circle

TOUCHING ( 1)  hands are inside l e f t

par t of circle

(2) hands touching face

ARCHED-TORSO (1) arched torso exists

SADNESS success

RUBBING-FAC E f ai l

END

Note that all assertions by models are placed in the

global work space.

DISPLAY 1.2
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