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'ABSTRACT. .

A'c0mputer‘program which converts se]eCted movement*notationv'
symbo]s 1nto numer1ca1 representat1ons of the bodyas pos1t10ns and f
- -
tpr1nts out the resu]ts in the form of graph1c output was developed The/f

notat1on system chosen for convers1on was Labanotat1on

Gesturai movement commands were ana]yzed and a program was

wr1tten which 1nterpreted these fonns of commands ‘Both methods of

- descr1b1ng gesturlﬂ movements ava11ab1e 1n Labanotat1on were programmed

e

In add1t1on mod1f1cat1ons of f1na1 p051t10ns through spec1f1c contrac—
tlons and 1ntermed1ate pos1t1ons and know]edge about the amount of \
'_ rotat1on w1th1n each ]1mb were programmed ~ Once spher1ca1 coord1nates

for each bodypart were ca]culated for every un1t of t1me, the program ;’
1nterpolated the movements for each 1nterva1 (' fra;e ) to be used,1n | <§
. the dynamic displays of the computer outputs These were plotted-as -
stickfigure draw1ngs for each frame 3 These p]ots were photographed :
7 one at a t1me. using thg;standard an1mat1on techn1que of doub11ng to

produce an an1mated f1]m of the computer der1ved movements

*

In order to examine the coherence and comprehens1b111ty of

i

.,f,the animated fi]ms produced from the computer outputs assessors were

"‘asked to COmpare the computer der1ved draw1ngs to s1m1Jar draw1ngs

\derived from cinematograph1c ana]ys1s of a dancer do1ng the same move-
. f"‘
ments as were eptered‘into the computer.' The;assessors.were asked
. o . ) . \’\ )

1
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St

v
to'rate the quality‘of the animation in general the’ timing of the. .
movements, the clar1ty of the draw1ngs and the usefulness such f1lms

gouﬂd haye. as cursory methods/g£’71sual;§?39 movements..,

", . - e
- e ‘——t,—_-—--;.‘_,_w»»:-"" . .
ﬁ\rﬁy The results of the assessments 1ndicated that the 1nterpol-
/
at1on formulae wh1ch calculated the t1m1ng of the movements in the

e

convers1on program seemed to berovers1mpl1fied as the timing factor

/’

for the computer ppdauced fllm was rated s1gn1f1cantly poorer.drjln |

-
general the assessment results seemed to 1nd1cate that both films
'showed the movements 1n a suff1c1ently clear and comprehens1ble
manner for use by dahcers.
. \ * t
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of thoreographic art has been checked:
‘the h1ghestadance form, has not followed the
_progressive path of other arts‘in spite of the

- It may be assumed ‘that some of the finest manif- -
estations of choreographic genius have been lost
. forever, because, being transmitted by memory from -
generation to generation, in time they pass away -
‘completely without a trace for poster1ty "o

n

‘11ab1e method of recprd1ng dances ‘the process
-ballet,

genius of many: 111ustrious 'maftres de ballet.'

:i' | R V.I. Stepanov (1892).’

¢
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"of ord1nary 11fe, such as walking and runn1hg Secondly, it Eyst be
0

" economical. S1nce there are often several parts of the body

o © CHAPTER T
INTRODUCTION -

- ’ . . ‘ . - a N R \ . '
‘ ! . . ' . T A , ’-f‘

K3 Dance is. an art form wh1ch-concerns 1tself w1th space and .

time. For its deve]opment as a major form, it requfres some method

of record1ng and preserv1ng the works of people engaged in mak1ng

dances e o I e

ak Ry
- It required several centuries for s:zﬁiftbt1on to become a

uniform system. ‘ Because of its recent developpént digce*n@%at1on has

’ not yet reached the stage of hav1ng one acceptable form However,'
.

dance- is more complex than music for it deals W1th both space and |

~~t1me, and the human body haS'many potent1al simul taneous act1ons
_ Consequent]y,_there are many more problems lnvolved in. the formu]at1on

of a notation system in dance than 1n mus1c

There are several criteria for a dance qptat1on system to

'a‘be useable. Firstly, a notat1on system for movement must be capable ’

y

yof record1ng movement from a variety of sty]es, such as ballet,

modern dance, Jazz,.fo]k dance and tap danc1ng, as well as the movements

be »

‘notated §\he system must be moderately qu1ck to wr1te Thard]y, it

’_fmust bé " accurate ‘ Dancers and choreographers ‘who have never seen

\.
a notated work should be able to read a scord and get an‘adequgte

L]

’»1dea of‘the movements. o I -

=4

.
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| = Three major systems of movement nOtatlDN—EXlSt today ¥’.f'
g f [Turnbaugh l970] “One lS based on a stickfigure notation, the other
two, on’ analytical descriptions of body movements., Benesh notation, ;
‘1nvented by Joan and Rudolph Benesh 1n l958 [c ausley, l967].1s used |
: extensively by ballet companies but has not been successfully used »j/j |
_in-other dance'fo?msﬁﬁxlhe notation is based on an abstract stick-
figure draw1ng The second notation system was developed by Noa ';'
Eshkol and Abraham Nachmann [Eshkol and Hachmann, l958] ” The move- |
ments are placed on a cumbersome and complicated staff and are T
, ’qexpressed in terms of degrees of planar, rota;y,,andA conical

I ,
movements, not 1n terms ordinarily used in dance . The third system -

is Labanotation, 1nvented by Rudolph Laban in 1926 [Laban, l956] This :
system is capable of recording changes in angles of the limbs dynamic
changes, and spatial qualities &t too, deals n]th movement in terms
foreign to dancers, however, it allons the w1dest range of movement
descriptton of the three notationasystems described [Hutchinson,

1972]. | , :

Becausetpotation systems should be able to record any human
movement, not Just a very formalized subset called dance, the need-for
economy is extremely important ) Labanotation combines the space— “
“time elements into one symbol -- the length of a symbol in Labanotation :
is proportional to- the time required to complete,the movement.._» |

As.a means - of preserv1ng choreography, a notation system must (\; -
be able to give to the reader 1nformation conceming spatial changes ». A

and the dynamics of the notated works. Video tape and film are
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e

_"""useful for thefpreservation ofydances'but just as phonographic record-

B

/o

1T ings are not enough for the serious study of'a piece of music, then
too, f1lm 1s not enough for the ser1ous reconstruct1on of a work by
. . B4 L
“_ someone other than he choreographer
S . \

‘ Hovement notat1on systems are d1ff1cult to learn and requ1re several

years of advanced study to develop prof1c1ency in thelr useJ’Consequently,‘
"Q’dancers and choreographers have been very reluctant to learn any |
I.notation, although most understand the neek\jor a recordqng-system‘
in dance. o | " S :
_ The use of computers 1n aiding theﬁstudy of notatlon is’
feas1ble._ There. are- tno cr1ter1a for the selection of the notat1on
‘g~ system to be used in such a computer system & F1rst, the notat1on
-'system would have to be well known, in use and fully developed
Seconﬂly, the notation system would have to be a general moﬁement
' descript1on system, as" opposed to those that notate only movements of
2 spec1£ic style of dance. - - -7 ' |
ﬂ The first,criterlon l1m1ts the selection to the notation )
fsystems listed above. The' Benesh system is used extenslvely among
ballet companies [Turnbaugh; l970]. Despite its extensive use, |
this system of notatlon has severalxdrawbacksﬁ | It»is‘used primarily
for ballet and is'not an;analytical,system [Hutchinson,“lQZZ] and
'ubuldfprove\to bevvery-difficult;to computerize [Eshkol, ét“gl.,
1970]. The two remaining systems approach movement in a similar
| van'alytical fashion. 7'7Each‘has_'advantages and disadvantages. o
| Eshkol/Wachmann notation treats joint movement as spatial
coordinates designating them in numbers. They stress the indepen-



dence of the1r notat1on system from the sty]15t1c appr6ach wh1ch IS
character1st1c and spec1€de [Eshkol and Hachmann, 1958 Pp. vil] and
-that it expresses pure movement, not Just dance However, to notate
dance, the ab111ty to notate-% broader range of movement qua11t1es C
‘1s desirable. (: L ;" b \ :"‘ B h ‘
The essence of the mOVement be1ng ndtated must be captured
+f the nqtat13n is to be useful to mnyone who has not seen the original
dance. . The reason for performrng\§)certa1n movement and ‘the manner -

,’1n wh1ch it is performed are often stressed by the choreographer

when sett1ng dances, these subtlet1es must be wr1tten in the notatlon,_

‘otherw1se the reconstructed dance would be on]y a serTes ‘of pos1tions.

Labanotation has the potent1a] of descr1b1ng the process of movement i

- as well as the spat1a1 p0f1t1ons.

' Eshko] et alw—{3970] used computer techno]ogy to help inter- ﬁ_ -

fpret movements of one 1imb hotated in Eshkol/Hachmann notatlon. There
‘ was no attempt at dynamic d1sp1ay'of,the movement nor was there any
s1gn1f1cant work oh‘total body movement ustng the1r notat1on.:
Norks of several contemporary choreographers have been °
tated 1n Labanotatlon and this system 1s taught ln many American

; gn1vers1t1es._ However, many dancers-do»not»knou, or feel qualjfied:»~
enough“’to make u5e:of-the availab1e~notated‘scores. _-If7a’computer :
system were" operat1ona1 wh1ch read Labanotation symbols and produced

a dynam1c d1sp1ay of the movements, 1nterpretations of scores could

be simplified. I

= .
i S

The use of Labanotat1on in a computer system such as the one -

suggested by the Eshkol study has never been-attempted;,>.Because:of

‘:“ﬁ_

Wi
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’the analyt1cal treatment of 11mb movements in Labanotat1on and
because Laban s work. formed the bas1s for Eshkd?’&achmann notat1on,u

the fundamental premises of the Eshkol work would be app11cab1e

to the development of a computer system us1ng Labanotat1on as

”,—a??x%y/;f

input. : "f _e’ o o 1 m’{,'p
SuCh a computer system would not deveiop‘into an:art form'
’itse]f but,would.be»a;tool,of dance. It would be a rough "t
‘and-couid never replace the use:of'filmeor video tape as a reserving
~and recording medfumtv Its purposes would be to aidjin the
reconstruction of dancesﬂand the visua]izat{on of‘notated‘work;
~ Most important uould:he the usefulness of such a s}stemvin providing
-an overal] view. of a dance \ « S (“ ‘3
The basic problem when: us1ng notat1on is in gett1ng the feel'

“of a dance. A computer sys tem wh’ch 1nterpreted notat1on symbols

and produced dynamic d1sp1ays of the notated movements wouldrprov1de '

“ the cursory view needed when-1n§t1ally ]ook1ng at a'dance’score.

N

‘Purpose of Research - -
\\f\kJ It is propUSed to develop a computerfsystem which would
1nterpret a subset of La notatron symbols, and produce graph1c out—

puts of the rea11zed movements The draw1ngs would be in the form

N

of a stickf1gure, and by photographing the draw1ngs produced by the .

computer. a convent1ona1,an1mated‘f11m of the movements would be

" produced.  The comprefensibility and clarity of the film and the
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movements woul
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d be tested, ah& ?n'this way, information regérdiﬁéﬁ;
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’1956 Jay. 1957 Eshkol and Nachmann, 1958 McGraw, 1964;

- CHAPTERII .

RELATED: LITERATURE

- The des1rab1l1ty of estab11sh1ng dance as a 11terary form

'has been noted by many authors [Morr1s, 1928; Tet]ey, 1948 Ldban,

}Hutch1nson, 1970 Turnbaugh 1970]. ‘|Choreographers w1thout the

" benefit of apmovement notat1on system have had to rely on esotertc

note§ or: good memories in order to shape a dance " The use of
notation systems and the potent1al app]ications of computer techno]ogyr

in compos1t1on has been noted by Hutchinson [1967]
" i ‘\ .
. . . if 'the manipulations of . . . a machine could
produce figures on a screen which could be recalled .
as needed and which accurately reflected a desired
movement for the choreographer to see . . . the

“experimental value to the choreographer would be
tremendous.(p.BZ)

, Recently Cunningham [1973],an Amer1can choreographer. a]so

' expreééed the - potential use he could see for computer help in the

| visua]izatIOn of movement patterns and 1deas | However, he was un-

clear as to how the man-machane ;nterface cou]d be. accomp11shed

Hotatlon as the language of communication between man and machine has

--the potent1a1 of so]v1ng the prob]em raised by Cunn1ngham

"~ _
Preston-Dun]op[lQSg] prOV1ded a comprehens1ve 11st1ng‘of

. the current notat1on systens; however, the most‘pub11c1zed ones_

have proved to be difficultftofmaster. : Although‘notation‘is now



part of many uniyersityrdance p:ograms tDancerNotation Bureau, l9?3],
~ there is still resistance to incorporate'dancefnotation into.dancell
'btraining | | _ | | |

“Work by Eshkol et al [1970] has prov1ded the basxs for a
method of reduc1ng ‘this problem by utilizing computer technology " ““F* :
In prov1ng that képematic descriﬁxions of'qgvement could be derived': |
*':from coded notation, the need for educated guesses as to the meaning

‘of a notated piece could be replaced by- obJective analy51s by a

| computer. |

'Threefareas'ofﬁresearch are reguired to produCe.a computer
‘system which could interpret notation. .First, theimovement notation
must be translated into machine readable forms. Secondly, the BE
computer orogram which would execute the movementS'by calculating the
numerical'representations of the moyements uould haVefto be formulated. -
Thirdly, the. results of the program uould have to be printed out in
numerical or graphic form. | |

The first area was successfully accomplished by Eshkol! S group B
[1970].  Input in the study was lOO% keyboard entry An. attempt at‘
entering Labanotation symbols 1nto a computer was investigated by
Fulkerton [no date, ca l967] ‘He called for,the.usevof a light.peny
and cathodehray tube for entering Labanotation scores into‘acomputerkv
Unfortunately, this project was never implemented‘f Implementation on
a small scale was done through the manipulation oﬁ symbols on a o
cathode ray tube by Shapiro [l972] She produced a short Labanotation o
score. From the point of view of simplicity, manipulation of

Labanotation symbols on‘a screen, rather than remembering an alphameric

ARSI VT
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; codelfneeded with 100%-card entry) for each symbol is a des1rab1e J
' .attrhbute of a system such ‘as the one proposed ‘7
\<33 the second area of research the convers1on of notat1on
szmbols into mach1ne representat1ons of body posit1ons, virtually no
uork has;been~doneapn1or to this time. ~ The Eshkol work was 11m1ted
toeone 1imh and:the STKMAN program of who]e body movements did not_
.usehEshkoI/wachmann notation. Eshkol/Hachmann*noiationstes»an: .
, external coordinate system wh1ch is only effect1ve for the. moving
limb any 11mb attached to the moving l1mb,uou1d change its angles
f'and or1entat1on in the externaT f1xed reference’system. Th1s»created,
‘problems for the‘authors of the 'STKMAN program ~ Also, the rotational‘ - “ﬁ”"
’state of the 11mbs was not always un1que]y defined. The authorss
- suggested a solution to the latter problem. They fe]t‘that by |

L yspecifying the normal byhtwo5p01ar angles'or'a rotational angle, a a

’ solution to the non- un1queness of some rotat1ona1 states could be
overcome. ' , . |

In1t1a1 work on deve]op1ng a computer program wh1ch wou]d use .
Labanotation has been done by the present author Progrannnng allowed
‘ for the descript1on of any number of moving bodyparts Due to
notat1ona1 features the hand]1ng(of locomotor descriptions (mot1on)
‘was not attempted The same Prohlem was encountered by the Eshkol :iiv
group. w1th no so]ut1on of the problem ach1eved o o
Informat1on on the joint movements [Amer1can Academy of |

B Orthopaedic Surgeons, 1965] and general information on selected areas k

- of ana]ytica] geometry [eq. McCrae, 1953] was obta1ned for so]ut1ons



of specific'problems in the Labanotation}conversion program. However;,
this area 1s an entlreiy new area of research ‘» ; h
| The th1rd area of research re]ates to the d1sp1ay of the
ofmputer movements ' leen the purpose of the present research proJect
. ,

a visual d1sp1ay of the movements is essentlal An1mated fllms ¢when

proper]y produce » relay suff1c1ent 1nformat1on to be satlsfactory

or animated,is ot a tota]]y satlsfactory method for the observatlon S

“and ana]ys1s of mo

=

' nt. Preston-Dun]op [1969] presented the\graw-

s

backs when using fllm to study movements | " She stated;that spatla] ‘

‘changes were visible, but dynamics uere'not. 'However,'ih the’system;

”::proposed,the'use of some sort of two-dimensionaifviewing_medium is

theﬂoniy possible choice.

Summary‘,‘
'“’S» Notation systems exist today but are extremely dlfflcult to
master. A potentia] aid in lmproving this sxtuatlon could be through
the use of computer techno]ogy Work u51ng Eshkollwachmann notation
. as input 1nto a computer system was undertaken, but the project(was
conflned to motlon of one 1imb. N
~ Another notation system, Labanotation, is in extensive use .

in North America. Th1s system has been used to notate ‘much contemo

porary-choreography, and was the basis fer many of.thekpremjses‘df,.s

4 . ’ . B - . ~ - - s S
. N N . » ! - . . S . Lo
“,‘ ° & : - : N - o - ) e ] .

?‘

repTT%atlons 0 movement [Kallts, 1969] However fllm, whether rea] 1't'~"'

the Eshkol/Wachmann_gotation. ~As of yet, however, no work has been:

Y : ; ‘




| doﬁe to . produce a compuferg compat1bLgf set .of Labanotat1on
' Because of the grow1ng number of n&ﬁgzed works using th1s notdt1on ‘
.system,computer ass1stance 1n the reconstructlon of scores__fu]d be
hj extremely useful L1terature on the convers1on of Labanotat1on symbols «f;
:1nto numer1ca1 representat1ons of a body does not ex1st. but the work~~
‘f: done in the Eshkol study has applications. - R

A shortcoming of the Eshkol proaect was ‘the lackiof dynam1c -

o disp]ays of the graph1c output produced by the computer An1mated

fi]m is'a good ch01ce for convey1ng ‘the: motlons rea11zed by the
computer system, and can prov1de suff1c1ent 1nformakion to be useful
‘rwhen,cqthode ray tube devices areunot ava11ab1e, an1mated.f1]m_1s‘thev_

only option which can display the movements in real-time.
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CHAPTER. I11 L g
THEORY OF LABANOTATION
} o - ?‘_ Introduction - ?j o ,,_..,é?.m;~" 3
%, B .The prob]ems 1nvoived in translating a three-dimensional art ,

form 1nto A two dimensional representation are many sided. In addition
to the obv1ous ioss of the. third dimen51on, the 1nterre1ationsh1p . | _;7]

| ibetween time-and spaoe must be considered

Dance 1s primariiy con- f,;
,Acerned w1th this 1nterre]ationsh1p and keeping 1t intact is of |
fundamentai 1mportance In fi]m and v1deo representations of dance,
.~this 1nterre1ationsh1p is vi51b1e aithough somewhat distorted because |
',‘of the flatness of the v1ew, but it is reproducibie.. Hhen trans]ating
motion into an abstract notational form, the probiem of the time- -

. space re]ationship must be. recognized as béing ‘the singulariy most

1mportant aspect to convey to the viewer. |
Nikolais [1948, p. 643 summarized the factors inherent in 1_1 o
human movement which must be represented in any notation system. They - | - f;
“are: (1) the nature of the body as a moving entity, (2) the space p,v | :
in which-the body exists and moves, (3) the. time in which the movement ;"
7 takes place, (4) the dynamic energies behind the mevement. Others
e ’,[Eshko] and. Hachmann, 1958, Hutchinson, 1970] have also recognized
\:these factors as being the maJor factors for consideration in movemeat_i::

notation systems L
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S o Labananalys1s is an umbrella term wh1ch descrlbes the system
, ] , P

- o of notat10ns developed by Laban, fHEre are three areai 1nv01ved in
Labanana1y51s Theglare:. | IR |

'41'_; 1.;\Labanotati0n:‘ ‘This;is abdescription of movement usinglc\w :
. S - s ‘ .

spatial orientatidhs . Bas1cal]y, Labanotat1on identi-

yx?tﬁgel - '_'fics the bodypart mov1ng, the timing of the movements,

| 1the d1rect1on and'degree of movement and def1nes the

. | ." ’ ."i’ system of refﬁrence from wh1ch is based the direction of ,
R i\ the movement. . W

- Motif Writing: This is the description.of movement which

‘v

».ﬁidentlfies the under1y1ng theme or most important feature

of the movement be1ng notated. Nhen us1ng Mot1f Nr1t1ng
J-_the reader is concerned'w1th keep1ng to a theme, not a i L :s'
o e;n;f’;lrr‘»ﬁﬁ f'; particular movement pattern One m1ght th1nk of Labanotat1on r e".

- %3?f?_ , e S
B and Motif Hriting as be1ng at opp051te ends of a cont1nuum SRR

LY

of movement spec1f1c1ty Motif’wr1t1n971s used when

record;ng 1mprov1sat1ona1 studies. |

3; Effort/Shape This is the term for the descr1pt1on of the
| »h‘qualitative aspects of movement. It concerns 1tse]f w1th
- T  the qua]ities of tension, body we1ght, spat1a] focus and
o time ut1l1zatton, as we]l as the shaplng of the body

7".[Hackney, Manno. Topaz, 1970, Part X]

- ]Bodypart is a technical'term‘used‘in Labanotation to
represent a predefined section or segment of a body.
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' ¥*-‘v o o
' Descr1pt1on of Labanotatum Comnands ,Used in Computer Ana]ys1s SR R 1
e _ Wf ; 4 . ST
" | - Laban, in the development of h1s movement notation system, o <«
IR T
c]early.ad a fmn grasp of the needv to represent the factors of space,. o ‘_f—
~time and bodypart 1dent1f1cat1on. liiimh symbol in Labénotatlon can
\] ‘-potent1aﬂy descr1be these three factors of movement C
> L S ~ -
1. Space Factor | T IR
Bodypart s a general 'term used to"indicate a limb or a part |
7 of a limb. FEach bodypant’ has a bound end, or’base, and a free end; T
. _ these have been defined for reference by Hutchlnson [1970, p. 227]
| ) ,and are represented in Table 1. ' %?, o AR I
L/ R ”
e
. _ .
TABLE 1 _ o .
BODYPART COMPONENTS ~ -~~~ =
) . . _ : : o e
- Bodypart - Bound End Free End Lébanotation Sign”
-  upper arm - [  shoulder | ‘elbow o e
E | ‘lower arm. e‘H;ow S m-kst 1 JE .
" hand o owrist | finger‘ -1
upper leg | . nhip knee | dE o v
N ~ ) { » ) ‘, - S e . B . | _ e
. lower. leg knee , “ankle R | S
foot | ankle |~ tipsof 1 g
. R toes‘ S 3E ‘




| | - = SR - . o ]5
gb : o e When ca]cu]atlng spat1a1 d1rections, Labanotat1on has adopted

a certain- frame of.sgi;fence for measurement.

"(a) Direction
"The directions are taken from the relationship of the bound
| ‘to'ftee,ends ofgﬂimbs with specific directionalvnamesﬁgiyen to specific

- relationships, énd'have beehvspeCiai1y shéped t0 shqw the-direcfiogs:’ﬂ .

. R f | ' . b. Right Diagonal Front
e : c. RIght Side
o [‘jh d. Right Diagonal Back
~ | D ﬂ e. Back -

~ f. Left diagonal Back

R - .g. Left Side - °
<] [] t> ' h.  Left Diagonal Front -
- N i. Place -
A
¥ ?5&5»‘

s T e e : -
o . - .‘\,
Figure 1

Labanotation Symbols
{
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’Hhenrmovement is described,in‘terms'of final pOSition; the position

P

is calculated from the relat1onsh1p between the bound and free end} _' ~

of the moving bodypart. This type of descr1pt1on 1s called

destinational description 1n Labanotat1on ' It is used mainly when

deal1ng with gestural movements. A gestural movement (or gesture)
'1s ch1efly movement which 1nvolves parts of the qbdy not support1ng
| the weight of the body. Nhen movement is descr1bed in terms of

| d1rect1on of movement rather than final pos1t1on, it 1s called

mot1onal descr1pt1on. Usually this type of mgvement description is

used for locomotor act1v1t1es and descr1 t1ons of the state of the

o Gpe

‘we1ght-bear1ng bodyparts.v.,Mot;énal desgr1pt1ona1s a less fundamental

description than destinationalndescriptlon and can,only be reduced to
- destinational-destriptibn with-greatieffort..
(b) Level

The descr1pt1on of d1rect1on must be a three-d1mens1onal

representat1on -To do th1s, shad1ng«of the symbol is used and is

referred to, in Labanotat1on, as the 'level’ of the movemént. Level f

. refers to the. d1;ect1on of movement in three dimenSIOns. | Hhen the
bound and free ends are in the same horizontal plane, this Tevel is
called 'M1ddle _’H1gh' level is when the free end of a limb is
45° above the bound end; "Low' level is uhen it is 45° below the
bgund.endof the limb. B Co _«_" )

Rﬁjbd
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Figure 2
‘Directional DESCriptio?i With Level Shadings

o

"~ (c) Rotary Motion

The action of a limb or bodypart mov1ng'about 1ts axis is

e called rotarxgmotaon. The axes of the limb and of the movement coincide so

 :»i ‘that no appreciable change in the pos1t1on of the 11mb in space occurs ~
"i"{Eshkol and Hachuann, 1958, Hutchinson, 1970], unlike destxnat1ona] movements,
75;5uhete the axis of’the limb is at r1ght angles to the ax1s of the movement. |

x “:, . ‘ A



(d) Contractions
‘ r

is Movement wh1ch shortens the d1stance between two po1nts is

18

referred to, in Labanotat1on, as ei ther flexing or fold1ng A flex1on <

-

R is movement at two joints, while a fold is movement at one joint. .

- The free end of a bodypart in flexion draws in towards the bound end on

‘a straight path, while in a fold, it approaches. the bound end on a-

curved . path.

In a flexion, the central joint of a limb is displaced

while ‘in a fold it is the extremity which moves.

the differences}between flexes and folds.

Figure 3 displays .

.—“/ =
. ‘ p
~=’FLEX FOLD
z z'
4 “direction of
. - movement
\“ " . )
\ . o’
1) ‘\ "
*Z \ . )
A Y A4 ’
\\ ‘\ l’
\ [ 4
a ’
y \:\ . yi'- !._ .
e . -
BV 2N ~z
’ \
L4 AY
— ’I \ o 5
) - ,
x% X
> -
direction of
movement
Figure 3 {Q . -~

. Speci?ic Contractions



“which .to write the symbols. Unlike music, the staff runs vert1ca11y, R

| 19
2. Bad;‘(parteFac-tor |

b /C:

As w1th music notat1on Labanotat1on ut1112es a staff on ‘,xf..

ftiﬁgr

and is read from the bottom upward There can be up‘to f1fteen

| columns in a staff each column represent1ng a bodypart,<or group of

'bodyparts Certain columns of the staff have definite bodyparts ~‘k:
‘assigned, wh1]e other columns can have more 1iberal usage. x\h»the -
o LU i X
- Tatter case occurs, a pres1gn (a symbol used before a dlrection :
command on the staff to indicate which bodypart is moving) is used. .{?fﬁ,(é
- é.
M\\.
> \MM‘:"’!.N;
B - ) ) . /,,-f'
o B .',4’»""""—'77", :
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Labanotation Staff e
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The p]acement on a staff or the use of a presign therefore,~.

1nd1cates which bodypart IS being referred to. It must be noted that'

this convention is’ used for. destinatlonai descriptfens. The most ofteni
used presigns are shown in Figure 5. When the whole body moves (as

~in wa]king or running) the,central ‘two columns of the staff are used,

.
i 4
s

exc1u51ve]y to 1nd1cate this

3..‘Time Factor
FJ

‘ .

Time is marked off on the central line of the staff the space
\ - between the marks represents the duration of the unit of time (either in
| beats measures or seconds), usua]ly predetermined The length of v
P N any symbol is proportiona] to the time required for the movement of\the féf

bodypart. ~Simultaneous actions are described in the same horizontal

T —space on the staff. In Labanotation, the elements of time and space
- . \h\
ol ' have been" cgmbined into one symbol ‘a factor not found in other notation

,,1,- - systems [Hutch‘nson, 1972]. When both eiements of space and time are
x combined into one symbo] “there is an economy of the language,‘which

\

is important when dea]ing withathe complexities of human movement

H‘u_,
%"“.‘w .
. .- . e : : .
. . .
4. Summary = C e
. | . . N « N '"".w_‘ J. . B .

A description of the factors of movement as defined by 7
Nikolais and others have been mentioned., Labanotation inciudes threefr{;eeiﬁ?f

of the four factors necessary in any movement nptation system 4 ,
A destinational description symbol in Labano t on has co e
- three built-in factors' (using Laban s terminoiogy)r,: ; |




P

| (a) identif1cation of the bodypart moving.
< (b) 1dent1f1cation of the start1ng ‘time and durat1on of the B | x\i

R

A mwmmnt v N o B D' o “‘_'f' «\'n

(c) direct1on and level of the movement

E

Add1t1onal 1nformat1on to the above is requ1red to descr1be

*M #

; rotary motion and contractlons . In add1t1on a full: exp]anat1on of ';””t

“all the Labanotation symbols has not been 1nc1uded in the above ;'?57

"discussion, but can be found in Hutch1nson [1970] Only, tﬁ“Se»symbols S

uhich have been used in the computer analysis were. dealt w1thv

"




- Figure 5 L
.- Basic —BOdypar%r»Signsa" - ﬁ
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C CHAPTER IV -

MACHINE REPRESENTATION OF MOVEMENTS

Development of CodinQ Protocol S Z“~;g

Era

A computer program was written to 1nterpret suitably coded ‘

» information concerning movements and to produce draw1ngs which, when
made into an animated film,-showed the realized moyements in real-time.
" The optimum data format\would allow the user to enter Lahanotation
_symbols directly into the computer{ Since the hardware whichwwould

. allow this was not available, an alternate coding system was dev1sed

. Coding‘Procedure'

‘In}Labanotation‘there are 'limbs' and 'joints,'k these not

, neCessariiy‘coincidiﬂg with'the_conventions of anatomy, but reoresent- ‘
ing some convenient point of reference. In the program, the.Labano-
tation convention‘_of bodypart identification'mas maintained as'ciosely
:'as possible o o

| ‘ The body was d1V1ded up into segments (limbs) which were

either 51mple or complex.‘. The simple limbs were defined as hav1ng :

| no interna1 movement capabilitiess}~ For example, the arm is a comp]ex

~ 1imb and is. composed of the. upper arm, Tower arm and hand which are
rlall considered simp]e limbs M this research the hand and'foot

T



\V.}r yv: \ .-,1 o v, y'_'~:i d: . 24ﬁ_ };ﬁt
was each treated as a un1t - there was no f1nger or toe movement. 'lhe'- .
trunk, or torso, was d1v1ded up accord1ng to the Labanotat1on conven- B
t1on.. the chest reg1on cons1sted of the'reg1on of the torso bounded B
by the thorac1c vertebrae, the waist reg1on bordered by the f1rst
—_and th1rd Tumbar vertebrae, and the pelv1s, by the fourth vertebrae o
g and the COCCYX. | ;

‘At the start of the program, th1s data was entered as well as -
other relevant 1nformat1on about each bodypart. In addit1on to the
,-l1mbs, the Jo1nts were numbered to accommodate the problem of h1erarchy

,of movement 1

- The lower end of the torso was set as 'l' and the other joints

of the torso (here def1ned as the free end of each torso sect1on) were',5
-numbered_consecut1vely. The r1ght Slde of the. body was numbered evenly, '
the left had-odd numbers F1gure 6 shows the number1ng of the body-

o parts (both joints and l1mbs) | ‘ |

< L\/;

: R R
] Two. examples represent1ng the sameﬁmovements are- shown in i‘ i
F1gure 7. > The first example w1ll describe the movements using Labano-(
tation symbols, the second uses the coding protocol developed for the
program o . ; R . o .

The movements -- The 1n1tial position is. a standing position,"

_ ; i , L
facing forward, both feet to ether. -~ On the f1rst beat, the left leg )

&

S ]Hhenever a bpdypart moves, it takes all the. other bodyparts e
attached to its moving 3 a with it. There is, then, a hierarchy,’

~ of bodyparts, the closer the bodypart to the torso, the higher on the

hierarchy. In the calculation of the position of each limb, at each i

time interval, a specific order had to- ‘be folloued so that those limbs L

closer to the torso were calculatedvflrst. ' . K g

Y“‘,\
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- Numbering of Bodyparts in LABAN
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goes to forward h1p ievei ftﬁﬁnng one entire beat to complete the move-
ment. . On the second beat, the left ieg goes to the. Teft side, aiso |
atrhip.ievela-taking one haif beat 0n the third beat, the ieft ieg |
lowers by 45° and the movement requires an entire beat to compiete. R

- %

Labanotation representation - The'Labanotation represen- '~7ffefée,:§;
tations of the above movements are shown in Figure 7 o
* Coded dnput of LABAN2 program - Bodypart, timing and spatiai .hf §;

'1dent1f1cations are 1nherent in’ any Labanotataon symboi by virtue of S

the fact that the‘symboi is piaced on a staff (which defines ‘the starting

v. point and the bodypart moving) has a certain size (the duration of the

movement), shape (direction of the movement) and shading (ievei of the ,;i;

movement). This information had to.be expﬂicit}y%given in“the program.>

The following format was chosen. f : R | o
The first column represents the type of movement, '2' for a

support (a bodypart which bears weight),"i' for a gesture,"O' for :

the end of the input. The second coiumn of the input data represents»-‘v

the starting time of a particuiar movement. The third coiumn o -

represents the bodypart (either a Joint or a iimb) moving or acting- asﬂi.

- a support. The fourth coiumn represents the duration of the movement}

or support.‘ "The fifth coiumn represents therdirection and ievei of

: thefmovemeht. . Often there can be more than one entry in the iast o

column.  This is how intermediate POSitiOﬂS (those directions not' I

defined by specific synbol) are entered Appendix E shows the actual
dance entered into LAaAN \ :

~

LABAN is the name given to the computer program deveioped fbr
~ this research The listing is given in Appendixe ’ and a flouchart R
provided in Appendix B. . ,
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 LABANOTATION REPRESENTATION

'INPUT INTO LABAN PROGRAM

27

Type of  Starting . |
Movement - Time - Bodypart Duration

Difection/

' Leve]

2 000 - AR 400
2 0.00. AN 1.00
1 200 © WML .50
1 - 300 . Wl 1.0
B X

A .. 00 WL 1.00

’ 't}};i:'i' S

LSM

ooLsL o

| .Figure‘7
'Labanotation Description
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2. Additional Data -

Additional data needed for the final animation drawings had

S

to be entered. The c1ne rate (de51red frames per second) and timing -

\frames per beat ~In addition, 1nformation used to cSﬁcuTEf”the

;(beats per minute) hgg’frequired as data to calculateeggb number of ”
apparent angle of viewing of the final plotter drawings and the two- |
‘dimensional proaections, was. given at the outset of the program. ;
It was decided that each 1imb would be described in terms of“>

spherical coordinates | Thus translation of Labanotation direction T
: and level symbols into angular measure had to be done._ Front ij' o
direction (in Labanotation) was con51dered.to be zero radians, back;»}
: wards to be m radians, the right 51de (perpendicular to front) »t-_ g Tf -
Wz radians, the left side 3n/2 radians Middle level was. chosen to

be zero rad1ans, high level, to be 3n/4 radians and ow level to be

/4 radians o S o | .T"

Each p051tion 1n Labanotation could be described by using

‘two angles, ¢ for directioeﬁmeasure and ¢ for level Mea§ure;_A

problem arose when qualgfying 'Place. Because Place is the longitudinal

axis of the body 1n gestural movements, certain changes had to be made :

to the values of ¢ (direction) when mov1ng to bor from this position.} ,‘f“

In order to keep the movements in onezplane, when,the origin (or ;;_ki
dEStl"atlon) of a movement uas Place, the ¢ value of the destinatiOni;f?"”“

(or origin) had to be adopted instead of the value of;Za radians

3

normally given to Place. Thus Place has a u measure of tﬁ/Z

A§This measure of 2« radians is an arbitrary measure. it coul)
have been any other. : o . = e :

v
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radians, but a non-unique ¢,
_ figure drawlngs, the

- part of the initial data.

1. General Overview

'complete each command at the end of each beat,
'i_intervals of time,

{desired.

RXC )
P

]
9.

, &

A]though the dra ings produced by the computer were stick-'

c1nqs of palms, feet, and the rotation of
each iimb about its longitudinal axis had to be knowngand th]s was also

The angle of rotation was. caﬁled 0.

e

~ LABAN Interpreter'Program

" .

3
- R
Sigya

'The-program LABAN interprets'

Wy, eo“ -

the fina] position of each bodypart, (2) computes the duration left to .

(3) computes by inter-

| polation, the rectangular coordinates of certaln p01nts, at spec1f1c

(4) plots a stickfigure draw1ng of the moves, and

"*‘4prints the rectangular coordinates of the points at each time 1nterva1'

* -

The program can move as many bodyparts as must-be moved - -

at any given time. Any gestural movement, described in terms of

destinational movements can be interpreted by LABAN

The original plan uas have the program run on a Dlgiti]

| ""‘PDP 8e, a minicomuter. with 1 i/a} debugging to be done on a larger
machine. the ] 370/ 50. The program, in order to fit into the

B ndnicomputer. was divided up into three sections. each section cal]ing :

£

(1) coded bodyparts and cbmma\:s ,

~ to those bodyparts and computes the spher1ca1 coordinates describing



onthe IBM370. - - - e

up the next uhen'completed ‘ However, the size of the program and the
lack of adequate plott1ng facilities on the PDP 8e made the use of

'vth1s computer quite 1mpract1cal, and the f1nal.work.wasldone exclus]vely”

3

. !

- 2. Translation of Labanotation into Machine Readable Forms

5
W

The f1rst sect1on of the program.pr1mar1ly read 1n~and stored

- data concern1ng coded’ bodyparts,ftempo of the dance, c1ne rate and

plott1ng 1nformat1on. ' The smallest fract1on of a beat used in anxhjf

part1cular dance was referred “to as the 'beat-step Th1s value of

L‘the beat-step was constant, and éll duratlon 1nformat1on was converted

F

- into beat,step un1ts. Th1s allowed for the use of 1nteger, rather ’ffﬁ

1;»): t.

than real values, thus prov1d1ng economy of memory space requirements

(a) Ouflgne.bf.LABANl (Section.one of LABAN);‘; - |
. ) . . . o . . :E " k{u
Thls routine read in the coded dance, decided if a,bodypart

—_}~was a l1mb or Jo1nt and 1f the dest1natlonal command was modified hy

R

cations were stored in arrays to be used later in the program. :

’»poszt1ons are specially modified positions, and are given:in the coded

- of the components' directions is- taken to givé the correct ¢ and e

}i some . sort of contract1onor 1ntermediate position.(«/These modifi- :

B

(1) D1rect1onal angle convers1on - The direction and level commands ;'*ﬁ‘ .

were then translated 1nto directional angles of ¢ and ¢

-
respectwel_y,4 The ¢ and W values for each bodypart and‘the

4Labanotat10n commands have nine specif1c directions. 1ntermediate

conmands as a series of components of the desired position. The average

Differences of 7. 5° an d1rection and Tevel are possible-in LABAH
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inditating;the duration of these,Supports.

,’f'v’ . | 3]

¥,

' duration needed to complete‘the movement-of each body-

:part were stored in arrays at each beat-step

If no ‘new connand was '’ glven for a partlcular body-

' part at ‘a specif1c time, the previous values of ¢ and v

were retained. If no command was ever@g;ﬁen for \abpart1c-
u

- ular bodypart, the 1n1t1a1 default pos1t1on value (the vatue
read in before 1nformat10n about a dance is read) or the
. bodypart was stored 1n the arrays. If no d1rect1on and

- level commands were given, but a flex ‘or fold corimand was,

the previous ¢ and o values were assumed and stored

;Support bodyparts -- Arrays specifying which bddypart was

supporting the body weight were also Stored as well as arrays

-

'Coqplex to simolerbodypart conversion -- certain-limbs were

. ; : S o
treated as ‘complex,' composed of a series of bodyparts

.(e.g. arm). Movement of these‘compiex Timbs had to be

described as movements of the component parts. The values of

$ ‘and w and the durat1on of the movement for each of the

o liv)
| of the nature of the human body, tontract1ons normally occur

component parts of a complex limb were stored in arrays as

if there had been movement commands for these component

Parts 1nd1v1dually.

.Calculatlons of ang]e of rotatlon of a bodypart -- Because

~ in one direct1on. toward the inner surface of the limb. The

'facing'\of‘the'inner surface (i.e., the rotation of the Timb)



. 3

B then had to be calculated before any f}ex or fOId calculations '

'*could be done., -

Theory used to caTculate the anoie of rotation: If the
»rotation of'eachglimb.couid be defined‘as.an angiekof rotationvabout
an axis, then it could be tceatedjin thersamewayfas'the directiona].
angles'~ An inaginary set of axes at'each joint of the sticktigure'i
is assumed to exist, with the positive X-ax1s to the right of the figure o
(v1ewers 1eft), the p051t1ve Y-axis coming out of the page, and the
| Z-axis hav1ng jts positive direction upuards.

| If the end of an element is described by the three dimensional.
’vector g}'then,a general rotation can be produced by an\application,of
%Ra*ttansformation matrix A, so that o - |

' ‘= Au

T e ’ . ;
— . .
. ;e t}

Rotation about the Z—axis in a clockwise direction, looking

u

down the p051t1ve axis towards the origin, yields a positive ¢ and a

matrix D which describes the_rotation.

| _ coso. sind 0
D = -sing  coséd 0

0 o 1

Rotation about the X-axis" in a clockwise direction looking
towards- the origin along the positive axis, yields,a positive p and
a matrix C which describes the rotation.,




o 1 0 o0 | R
- 0 cosy sing
| 0 "$in¢ : cdsws

_ Rotation about the Y-axis in a counterc10ckwiseVdirectioh,
; B looking‘down the p051t1ve axis towards the orlgln ylelds a p051t1ve ]

and a matrlx B whlch describes ‘the rotatlon

coso d‘ siné
B = 0 1 0
-sind 0 cos9o
A = DCB RS AR » e ® a e 8 & o @ \ (-I)

A is a transformatlon matrix representlng a general rotation .
1‘through angles ¢, ¥y and e from an 1n1t1al posltlon with ¢ = p = e 0. 3
Because of the appropriate ch01ce of angles in describlng dlrectlon
v'and level Labanotatlon comands the ¢ and Y are known | The 0 is un- -
knoun in most cases except for that of a bent complex llmb |
" The degree of rotation of a complex llmb can be determaned from

>

B " the coordinates of thefnormal to the plane of the complex limb. The

L.

. 5This represents an 1mp0551b1e position, but was chosen to
allow the normals of the head, torso, and arms to be off to the rtght
and the normaT of the legs, to the left.




. | .
T

coordinateS‘of this normal can -be found in two ways:

(1) by taklng the cross-product of the vectors which represent
the vectors of the pos1t1ons of each of the component
S Timbs. | | |
(ii) by applying the trapsfornationenatrix‘A_repreSenting'

rotations of the normal through,the angles ¢,‘w,‘and'6;

N

By equatlng these two sets of coord1nates, we can solve for 6,

. -

the angle of rotat1on

‘Matrix Ais - SR .4
. T ‘ “ ;o R |
‘ ; ; T ’ / _ o
cos$cos® - singsinysiné  singcosy cososine'f singsinycos6
~ -singcos® - cos¢sinysin® - cosdcosy ~singsing .- cososianosB
—cosysiné -sinp o o 'coswCOsef:‘

Multiplying matrix A by the vector X (the normal to the 1imb 1n~f

_ - -1
_1ts initial pos1t1on of d=¢9=0-=0), ~where X (0) results in the
' 0

vector P, where L M and N represent the elements of the vector P

?‘&

cos$cosd - sinosinwsine

.

L \
P =M = - -sin¢cose - cososinwsqu -
| N , ‘COS%i n6 o *é - : N ,

‘ If there are two component limb parts, wﬁth directional angles S
¢ and ¢ and ¢ and ' respectively, then ‘the cross-product of the |
vectors which represent the componggt parts 1s o




o

- .35
1 - ;.cqs¢'cesy'sinw.f 5fﬂ¢’¢°§§C°§¢ . '
mi A=“ fsincb_'c-..o;f:llé;zs1'nw'+ "Sin'b-"s‘;,v"‘bc,éf""’ g
ww;f‘ n’i. f7  -cosw'eosw(ein¢fc9$¢ - C55¢'5%"¢)

“i» .

'These two vectors (1, m, n) and (L, M N) are 1dent1ca1 except for -

o magnitude and therefore _ef

Vew o o L
m = kM . - S '-f }5 ; ;..'(2)
n o= KN o IR P ) M
; ‘where-k'{s aq‘enkhown poéitiee'b;n;tant. , - o
'~ " This unknown constant can be found by substituting k = n / N into the

SR

e&u&tions (2) or (1). | The value of K is unique.

'For eqmputationa] sanity‘let'

Ml | | I ()
[ R o e (e)

w

- Mn
tn

1)

o

Using (4) yields

. -necos¢ .

R

-mecosy + necosésiny |




Let 0 be a solution to this equation, where‘-w/z < 60 < n/Z

Then 6 = 60 or 6 = 60 + 7. One of these two solutions yields a vectori'

(Ly My N) which is 1dent1cal (except for magnitude) with the vector R

(1, m, n), the other is parallel but in the opposite direction. ' To»
identify the correct value of 0, the_vector.(L, M, N),is calculated; ;
, e , . e NS Lattiiael -
(with @ = o, |
checked. If k is positive, then 6 = if;“ick is calculated to be

Usi'ng the relations (1), (2), or (3) the sign of k is

»negative, then ) -‘QU f.ﬂ’;

of the torso yparts 1 - 10) were not allowed in thlS versiongpf
rLABAN, Only the rotations for the arms and legs were calculated.

, Each complex limb was considered to be composed of three simple

>bodyparts upper, lower and extremity CIf a limb was not bent the :
subroutines ARMS or LEGS were used to calculate the aggle of rotation
These subroutines as51gned rotations to certain directional angles and
could calculate, u51ng a basic fdﬁhuiﬁ, the angle of rotation for the
other directional angles If a limb was bent so that any part of the

limb lay in a different plane, subroutine CHCK was used to calculate

the angle of rotation CHCK was based on the theory outlined in the ff"'“7

) %ection above (i e. equating two sets of nonnal»coordinates)
Adn1551ble r;?ges of rotation betueen the lower limb and the
extremity were set up and checked, changing any previous value for e

" if necessary to bring its value within an admissible range Once the

e ' Method o%\GQICulating,the rotation of limbs in LABAN Rotations |

T

angle of rotation of each bodypart for a particular beat-step was ;éf i




Fg

calcu1éted and‘stored’fn arnays, the’édntraCtion modifications could
' _ b?;falculated for the 'fac1ngs of the llmbsrwere then known, and

the plane of movement of the contractlon was known.

Q;) Limb mod1f1cat10n -- The ba51c problem 1nvolved when flexes onb

fOIds mod1f1edva posit1on was that the-o and w of the bodyparts o ﬂﬁ-
6

-involved in the flex or fold would change. 0w1ng to the Labanotatlon
: o convention that f1exes and- folds modify two adjacent bodyparts detailed
jgf 7‘, : calculation héd to be done if the bodyparts were the upper and lower
- arms (or legs). Any movement of the upper or lower arm (or leg) would
3\ move the hand (or foot) If the extremlty had the same ¢ and ¥ as -
b the 1ower lImb (same dlrect10n and level), the mod1ficat1on of the R
~ .Iowerllimb‘would affect the extremlty as well. |

- Theory used to calculate limb contractions: A line of -inter-

."-\‘.

' section (an points]satiSfying two linear equations simultaneously) of
two planes has as its djbéctidna]’Vector the cnoss-product\of-each of

| the two norma1s/torthe”olanes.v

Ll L 6Contractions occur in the plane described by the normal of
S T a the limb The normal is known ‘because the angle of rotation is
. - known (0). e . o
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‘Figure 8

Intersection of'Planes

In Figure 8, let AB and BC be two lines 1n'a'plane P .vwith'n :
the normal N] : BC is also 1n the plane P with normal N2 Thenlthe.,»k*f'
~ line of intersection of P, and P2 is BC. - S 7
If AB and BC regresent two adjacent simple limbs of a complex ;ﬁéf .
limb, ABC, their normals. are known (] fOr each limb has just been ."’v;‘fhi
, calculated) The cross-product of these normals yields the directional e
cosine of the l1mb BC. Slnce the length of - BC is known, the coordin— ‘;671,;

ates of B can be calculated,




_ | N Knowing that a 1imb can be described by two~angles ¢, ¥ and
h'ieil | , the length of a limb (L), the rectangular coord1nates of the endpo1nt_

‘ “can be calculated u51ng the follOW1ng formulae (see igure 9).

x = L+ cosysing

y = L -.(\:O'SIPC'OSd;-._ - o - o o ‘. (9’) |
z = -Lesimp - L0
-~
i'hrzi
9
- @
N i ) e

-~ . , .

' i - Figure 9
,kbefiuing'toordinates uf,a Line , N &




’ Inversely, once thevcoord1nates of a point are known, the

angles Y and ¥ can be calculated from (10),
.sinp = L [/ 2z ," ' gjving a value for V.

From (8) and (9),

sing = x/ L. cosp

. d

1“fg ; coso y /L --cosw;' giving'a value for ¢i%g o

This results in the directional angles ¢ and ¥ for a Hmb BC
after a modifiCation A The angle of rotation will not have changed, :
for the contract1on has occurred with1n the plane of the limb.

" Method of’ flexion calculation in LABANl' The initial -positi'on

.- of the whole limb before contraction 1s represented by PR in. Figure lO
The upper l1mb (called MODB in the program) and the louer limb (MODBl)
are PQ and QR respect1vely _ Angle PQR is the angle of flexion derived
lfrom the degree of flex1on speclfied in the in1t1al Labanotation command

to flex. (The amount of contraction is called 'degrees of contrac- ]'1

‘tion in Labanotat1on) - | ' ;:g-“




’Figure-lo

 ‘ﬁus1ng the sine rule,

PR =

»Tighd_PS and'SQ can be calculated:

ps =~ PQ . cos'Q$R‘ )

sq = jPQ - sin OFR

- Flex Calch)ation |

L

QR - sin PGR
V‘V,sinﬁﬂﬁg .,'-»

a



f

The direct1onal c051nes of PQ and QR (- «RQ) must be then .

foundrt In. the program subroutine DCS caléulated the d1rectional cosinesfi_t

‘» of Rﬁ and PQ, given the lengths PR; Q_R-an_d the angle PRQ, in .additi;on to
~ the directional cosine of PR and the normal to- the plane PRQ (the angle ,,
of rotation def'i,nes the normal) Th‘IS subrout1 ne took the cross-product‘ .»

| _ of the normal to the plane PRQ and ﬁl yielding the direct:nonal cosine

of 4. Knowing - the coordinates of S, the coordinates of Q were then -
calculated and the. required direction%l cosines of PR and Qf{ derived.. |
“ Once the di rectional cosines were known, the subroutme PHPSTA

calculated the b, w and ) for the limb gwen the d1recti¢nal cosines

.of the normal to the hn’b.

Method of fold cal‘culation in LABANI: In(‘a fold, thé" upper :'

part of a lmb remains stationary and the lower part of the linb moves. o
In Figure 11, PR represents the stationary part of the limb (MODB in

the program), RQ represents the moving -1imb (MODBl) Angle PRQ is |

the angle of folding derived from the degree of - folding specified in

the initial Labanotation movement comand
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The fold*mod1fication is simpler to calculate than the flex

‘nodification, becapse the only directional cosine ;guﬂf;ed is that ,

'of RQ (only one component part of a complex limb* moves in a fbld1ng
?‘contraction)

Ve ps = PR - QR - cos PRQ R

SQ ; Qﬁ . 51n RRQ ‘—%rwﬂ |

o ~ Figure 1
' " Fold Calculation »
. SR o 3



| support1ve bodyparts, (3) converted complex lfhb5wto~siyple component

N o o "ff“*x
The subrout1ne DCS in. LABANl calculated the d1rectional c051ne of ﬁb d

by flnd1ng the dnrect1dnal coswne of Sb the coord1nates of S and

1 fder1v1ng the coord1nates of Q Once the coord1nates of Q and d1rec-

t1onal cosine. of RQ were known, the subroutIne PHPSTA was called

l. Th1s rout1ne calculated the ¢, P and 0. 91ven “the nonnals to- the. pl§>bsis

of the l1mbs

(vi) Transfer of data onto file to be used in next section of. LABAN --

The previously stored values for the modified-bodyparts_were’then -

chanded to the newly calculated ones. Once all the modifications had

- been combleted the arrays storing the s v and 64values for each body-r

part at a part1cular beat—step were wr1ttenzonto a file to be used by

the next sect1on of LABAN.

(vii) Summary - LABAN1 (]) converted f1nal“direct1on and level

' commandsﬁinto directional angles b 3 (2) stored 1nformation on o

|

parts, 4) calculated the angle‘oﬁ-rotatton for each simple bodypart, f:e

r"'i?“

tefore any .contractions (flex or fold) had occurred 5) changed the

o, ¥ of each bodypart involved in a modif1cation, (6) transferred‘the i,»"v

finalized ¢, ¢ and 6 and durat1ons of the movement of each simple '

bodypart at a particular beat-step onto file. - ) ' |
The ‘six steps outlined above were repeated over again for

every beat-step of the dance. Hhen the signal for ‘the end of’the

,dance was reached the program called the next sectfon of LABAH

- (LABANZ) and proceeded with the new section.

<

e
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;3Q ‘Calculation of the Numerica]’Repﬁesentations of MoVements

.{a) Introduction . | o h- -

Up to this point in the conversion program, LABAN, calculations
have been based ontfina];posttions and the duration required to complete
the movements; However,;in‘order to have the necessary data to

EN

eventua]]y produce a dynam1c display of the realized movements, it is
necessary to know the actué;yposit1on of the limbs at spec1f1c po1nts i
in time. This section of the program is concerned w1th ‘calculating

,thisdty of 1nformat1on.
’ R ®

(b) Outline of LABANZ (Section two of LABAN)
This sectlon of the program f15£t’read in the final ¢, ¢ and

0 and the t1me left to comp]ete the final pos1t1on for each bodypart
for a partzcu]ar beat-step - By inter&glat1on, it then computed the
\¢. ¥ and 0 values of each bodypart ;t the end of each ' frame. '7_ The
position at the end of each frame was ca]led the current time'
| posit10n, the directional ang]es have current time' values, as uell..
- In this section of the program, the current t1me values for each |
bodypart' S d1rect10nal angles were ca]Cu]ated Rectangular co-

-7ordinates of each joint (extrem1ty point of Bach ]1mb, in this case)

7A frame indicates a drawing of a figure at the end of a small
interval of time (e.qg. 1/12th of a second). After photographing the
frame with other frames in a series (using animation techniques) a
conventional anrmated film would result.

.
s



were calculated, and then stored ih arrays, later to be written
onto files for use by the third section of LABAN. | | :
. . - 0 . 67 k

(i) Calculation of current time ¢. ¥ and © values - The 1nformat1on

o stored in the arrays passed on from LABANl represented the final

fpos1tron to be reached and the durat1on requ1red to complete the -

U

| movement. In order to know the exact position of the llmb at any
point in time (e g.l ina frame), the values ofxo, ¥ and © at that

- .moment, had .to be known -'These"values-of ¢, P and 6 were named

current t1me values for they represented the state of the limb-at
~ the desired time interval, not the ultimate position reached.

’

Theory oflthe‘current time values:  The theory is based'on-

the folloW1ng assumptions. A movement occurs in a plane andeeach
Eegment of the movement must rematn in that plane. There ex1sts an i
angle between the initial and f1nal positions. of the movement.‘;;\t '
the end of a frame, there is an_angle‘between»the’lnitial ahd current -
time positions~ which is a fraction'of~theatirst‘angle. 'To'calCulate‘J\
the current time pos1t1on, the current time angle 1s first calculated
‘using l1near 1nterpolat1on.. S1nce -the normal of the plane is known,
the current tgme values of ¢, ¢ and o can be calculatgd The mathematics :
) involved are very similar to thatiused in ?old calculations on LABANI.

,For each calculat1on of current t1me values of ¢ and ¥, a current\time

o value of 8 has to be calculated as well , . o -

[y



a7

. y | Figure 12

. Current Time Calculations for Torso and/or
Upper Sections of Limbs

If a_bodypaft*is-eitheriparf of the tdrso'of the proximal
section of the limbs, the following pfotedure is used. The initial
(qreviqus cUrreﬁt time) position of the bodypart is Eepresenﬁed inf
Figure 12 by PR, PO represents the finai position‘(PR = PQ = PO).
Angle OPR'is;the total angle of mbvement bgtweén iﬁitial and final
pdsitions (= B). Angie RPQ represenf% fhe-amount hoved'in one frame
(curreﬁt time angle). The normal to the plane PRQ is obtainedlby -
taking'thgﬁé;oss—product of,Fﬁ and Fb; : The iengths of_PS and SQ can

\

Ay



»?’_;\# o : e - ,"'.» 4 e'
'be ‘obtained becauSe angie RPQ is known. "The directiOnal cosines cf

PQ can be ca]cu]ated and from there, the values of ¢, w ca]culated

for the pos1t1on

- For ]ower sect1ons of ]1mbs, the fo]]owing procedures are used
' ~ | S
' to calculate the ¢, P va]ues T e f | B T &

/ R
E ‘
R
aFigure 13 = |
Current Time Calculations for Lower Sections of Limbs
ER ,_
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PR is the. current time posit1on of the upper sectlon of the
1imb (LMUP in the program) Angle PRQ is the 1nterpolated value of the
current t1me angle between the upper and lower sectlons The normal .
to the plane 1s the normal to the current time p051tion of the upper E -
part of the l1mb PR The d1rect10nal cosine of RQ can be calculated |
" and the current ‘time ¢ and ¢ values of the lower sectlon of the Timb.

.

vworkeduout subsequently

Hethod of calculatlng_current time values 1n LABANZ The'initial=

_ angle and the final angle were calculated and the current time value for~ :»’-
| the limbsfwere~calculatedvthrough linear interpolation. The routlne
.NEHDA calculated these interpolations in a similar manner to the fold
ccalculatlon used in LABANI. " : |

' If a limb moved through Place H1gh or Place Low, the 8 value
would change by = radlans, and a flip in the limb would be noticeable.
To acconnndate this and to allow for a: smooth trans1t10n, equivalent
values which d1d not give r1se to a fl1p were glven to the ¢ and 6

values of a limb, whenever the 1imb had a ¢ value of + /2 radians.

~{ii) Rectangular coordinate generation -- Once the current time
"values of o; ¥ and e'were known for each'bodypart for»a.particular:
frame, the rectangular coordinates of each)Jo1nt were calculated
The computer program set,the coordinates of the first joint in the
hierarchy at (0, 0, 0) and looped through this section of LABAN2,

calculating the coordinates relative to the first set oficoordinates.



- The program also}determlned'if a support,duratton was stored'foria 1:
parttCular joint‘ If there was a support duratlon stored the z— e
coordinate of this Jo1nt was set to zero to represent the floor |
(whose\zrcoord1nate is treated as be1ng zero) Then all prevaously
calculated coordinates were readJusted_to-accommodate»thls change.
Since most‘cases calculated’have the support onfthe feet, certain

<prov1s1ons had to be made to insure that a gesture of a leg would
not bring the foot through the floor (1 e. have a z-coordinate which o

is a negative value)

%f (111) Add1t1onal;pjott1ngApo1nts -- Additional po1nts used for

,plott1ng purposes (right and left sides of the head, thumbs and palms

‘of hands) were also calculated in LABANZ. '_The X=y Y=y 2Z- coordinates; , ,r

of each of the additional points were taken relative to the‘bound‘end

.of the limb inquestion'(head*orfhand) and;were partlof the initial
data read in by tABANl and. passed on.to LABANZ. By apply1ng the

“ transformat1on matrix A (same as in LABANl)rotat1ons through the
angles ¢, ¥ and 6 were obtained Using the $, ¥ and 6 values of the‘"

\head or hand the coordmnates of the specif1c agditional points were
obtalned (us1ng subroutIne TRDSP)

(iv) Transfer of data -- Once these coordinates were calculated, all ,},'“

the 1nformat1on needed to plot the particular frame was written onto B

a f1le for use by the next sect1on,of LABANE(LABANPL).

(v) Su nary -- Sectlon two of LABAN, LABANZ. (l) calculated the R

current time values of o, v and © values, (2) uorked out rectangular j;

¢
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icodrdinates.of each joint'for each frame of a beat-step; (3) calculated

the coordinates of the. additional points (used for plottingk and
- (4) stored the data of the previously calculated 1nfbrmation as arrays,

| and wrote the current time values on file. Reiteration of LABAN2

- continued for all the frames of any particular beat-step Once the ,

-gbeat-step was completed al the arrays concerned with the completed
'beat-step (o. ¥ and o and the duration) were transferred to another
set»of’arrays Icalledu'previousodata' arrays) and theﬁprogram was
Tooped through again.until the end of the data from LABAN] was
.reached. | 7 ;

8, Graphic Output

(a) Introduction

~ This section read in the rectangular coordinates of each joint. ;A

| nfor a particular frame. calculated the projection of the X- y-, 2-

coordinates of each joint onto a plaﬂe Y=0, using previously supplied

informatfon so as to detenmine the height, distance and angle of the
performer (stickfigure) from the ‘camera’ (apparent viewpoint of |

i viewers of the ultimate product -- an. animated film) and plotted out =
-,a stickfigure drawing which diagrammed this information.-

- H

~ (b) Outline of LABANPL ' (Section three of LABAN)

P

'(i) Genéral“theory of projections -- Projection~of a point (xp, Y ., Zp)» _
- .onto a plane Y = O-froa‘a poinf(xc,_vc, Z.) is the point (Xg» YS"ZS)’«e

whiére.

‘515

A R
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 Because Yo = 0,
’ThEDs . ‘ﬁb ( » R
Y (X, = X))

XS>'= ~XCQf (Y-f_ Y>;b‘ - ‘ ‘. N | | : .f.. . o (5)7

N Yc(zp - Zc)'
C ‘ g " -
| ‘(YP -'Yc)

‘.§’ . t;(s)i.;v

N
m

HoweVer.(xp, Yp, Zp) might not always be in the same sét of akes as

(Xgs Yeu Z).  In this case, (4, Yy, 7)) must be transfm'd, o

Z:J B ii’ ; B
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~ Figure 14

Projection of a Point onto a Plane
.Using diagram 14,

% ?’-NP‘ o e ]

B I ¢ I
. | | ’

' | = . = l BERREUY

Using (7),
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p = - QN = Xy cose - Yy-osing RUUER{ 1) S
Using (8) o
| i
Yp T OL-NLC= Yy-ocose -Xyesing . .]?\;%‘<11,

o

p’ Yp and Zp in equations (5) and (6). ,

the projected p01nt (XS, Yss S) can be found

By substituting theSe values of X_,

T e

(11) Method of ca]cu]atingﬁpro;ections of coordinates in LABANPL -

The point (X Y . Z ) represented a point on the stickfigure ca]cu]ated;'
in LABAN2. P01nt (X Z ) represented the camera’ and had the o :

coordinates (proJected'onto the p]ane Ys =0 of the p]otter) of

(0, re s h ), where rc represented the distance of the camera from the

stickfigure and hc represented the height_of_the.camera above ground—

levei These were the names assigned to‘these parameters in the' .

program LABANPL and were in1tia]1y entefed into the program at the

beginning of LABANI or at the start of LABANPL o :
The subroutine PROJ calculated the projection of the points

| passed on from LABAN2, ontora p1ane Y= 0 The piotter s X-axis and

the stickfigure s X-axis were in different directions. because uhen ¢ '»fe;
viewing the stickfigure from the front, its right became Teft and : ol
left became right.. j . S ‘ .

A 'stage' (five points on the plane 1= 0) was also. drawn, in

order to provide additiona1 visual cues.




© (1i1) Other features of LABANPL -- If no plotting was desirdd,

VLABANPK’skippedfthe»plotting routines and only listed-the'rectangular

Jcoordinates of each Joint, as passed on ‘from LABANZ and each Joint s
:;“projected coordinates as calculated in LABANPL If only specific :
B frame-infbrmatipn was wanted. this was done }by supplying spec1al;a

data cards which were read at the start of LABANPL.

Eualuation Procedures

The computer progran.LABAN was‘used to interpret movement
cpmmands given’in specially:coded Labanotation commands. A Calcomp
plotter. available at the Simon Fraser Univers1ty Computer Centre,
was used to produce the individual frames of a film Each frame was
':numbered and draun in black ink on 12° inch wﬁde white paper, u51ng o
a pen siae of.0.5 mm. In order to photograph the frames, conventiona{(
anination techniques were used Each~frame had ‘to be made into a A
| separate 9" x 12" Sheet. Instructions to the plotter allowed for
V'this. and a line was drawn separating each frame from the next, at
a distance of lO inches. Appendix D gives samples of the plots.
o Animation stands have specially constructed bars at the top .
:7of‘the photographic area, 50 special paper had to be attached to the
top of each frane drawing. The stage remained stationary throughout_i

V.:the dance. so its corners were used as reference points in aligning

each frane drauing with the next The stand in the Simon‘Eraser Film;"



Horkshop produced the most aesthetic images u51ng a.s12e nine field
The camera used was a 16 mm Bolex reflex with SIngTe frame shutter
7capab111ty u51ng b]ack and white film (TRI X reversal with an}ASA
oflGO) -

The conventional technique of photographing each frame twice

was used resulting in twelve image changes per second, with a cine

h rate of.twenty—fourvper second. (More stab]e perceptual images arise

in the case of 'doubling;! and work'on’the part:of the animatorfiS~ﬁ

substantially reduced.) e | | i | |
The same movements, coded in Labanotation, were danced by a

dancer and these were also photographed on 16 mm fi]m,< Specific :

coordinates (dupticating those points of the computer derived stick-‘- |

figure draw1ngs) were obtained from each frame of the dancer film, -

u51ng a Vanguard Motion Analyzer.» ‘The coordinates were punched on

~

‘cards and a plotting program was written to have the Motion AnalyzerVQ: .
5st1ckfigure drawings p]otted on the Calcomp plotter. ’ This was donel
.to produce two sets of similar looking figures. The same animation ;

techniques were  used to produce a 16 mm bJack and white film of the .

.Motion Ana]yzer derived films, uSIng the same camera and film type.

Both films were made into film loops to allow viewing of

~ the movements several times in quick succession, The two loops were

-
b=

fshown"to forty assessors AN but three had had at least one course_ e

in beginning dance at SimoggFraser University.‘ ‘The other three e

were profes51onal dancers. A questionnaire was distributed before

the showing of each loop. It asked assessgrs to rate the animation.f-

s./’,'

4

S
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timing of the movements, clarity, drawing and movements of the figure,
using a five~pd?”t scale | | o _

Questions requiring written -answers were a]so included in the

questionnaire. It was'felt that these types.of answers would;provide

' valuable‘infonnation’on the acceptability*of the films, even though

they: were not amenable to rigourous stat1stical analySIS VEach film,:

being only eight seconds long, was shown fifteen times in rapad success10n :

| providing the assessors a chance to fully examine the contents of each

filme . o

Analysis of Data“ -

A sign test was applied t’ 0 eve assessor s responses The

. direction of the differences. not the ¢ antitative difference,,was

o considered The ratings of . the Hotion Analyzer derived film were
»vnpmpared with the computer derived’film . If the. rating of the former '
_uas higher, a positive sign was given; if the rating was-lower, a

.negative sign was given. If both were rated equal -a zero scoref

was assigned and the total number of pairs reduced uhen doing the

| ?istatistical analysis for that question. [Seigel .1956).

Table II shows the results of the.questions for the Hotion

fAnalyzer film and the computer derived film, giVing totals for each

rating for e&sh question. | f e B

o
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TABLE II
]
TOTALS FOR COMPUTER DERIVED FILM ASSESSMENTS AND MOTION ANALYZER
o FILM ASSESSMENTS FOR EACH RATINGa :

‘7?5'
~ vE

- 4 r
, , ' Ratings S
Question® [~ 1 D N 5
la 1 8 5017 10|14 25
1b 1 2 3|18 14 |w 23
2. 1 2] 2 1|15 522 32
3 s 2|12 3|1 2010 15
4 3 | 9 s5f1 20 [12 15
5 1 a alwe 1220 23
| " 6a 1 2| s 9|2 15|11 14
e 6b 3 2| 5 7|2 a7 10
b ke Al 1l oan s
6d 1 3]z ol 23| "5
6e 2 6|10 6|14 20 |14 8
6f. 1 1] 17 3] 9 6|2a 2[5 10
69 3 3| n 4l 2|5 n
6h 2 2|1 7]l20 24|48 7
~ 6i v 1. 7 6119 1813 15
%3 1 1] 8|2 18|9 13
6k 1l 9 elze. 2.l 12
61 - 1 2 8| 6 skl 2415 10
6m T 1 3|m 5|4 2|12 w0
én | 1 14 5114 20|11 15
60 2013 616 a7 M 15
7a 2 2] 7 6]12 16|19 16
7b 2 2|13 s8lis 3|7 17
7c. [z | 7 12 12|19 2
8 2 10 6{12 16|16 18

Computer derived film ratings are on the left hand side of -each

colum; the Motion Ana}yzer film ratings on the right side of
: each column. ,

bSee Appendix C for the text of the questjbhnaifeslrl




, . |
Tab]e III shows the tota] of posvt1ve and negat1ve s1gns and

the-probab111ty at the 5% level of 519n1f1cance. Tab]e-IV shows the

resu]ts of the assessments as to how mechan1ca1 ]ook1ng the movements |

appeared to each assessor. The results of the 519n tests, as well’ as
ha'sample of thé questiohnaire are lISted in Appendix C. ' ﬁg?

8

—~8
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| TABLE 111
DATA FROM THE SIGN TEST

(5% LEVEL OF SIGNIFICANCE) |

Questions| No.of No.of | Total of Signs | Total of | Probability
' Positive | Negative -| (Non Zero Fewer o
Signs | Signs S Signs
- la - 17 2 19 L2 .0005*
1b 17 5 22 5 .008*
2 - 11 4 15 _ 4 .059
3 - 17 3 20 3 .001*
- 4 { 14 6 20 ] 6 .058
.5 9 5 14 —] 5 .151
6a 7 5 12 . 5 .387
7 6b 9 6 17 6 .166
- 6c 10 7 17 7 .315
6d 12 6 18. 6 119
6e 12 6 18 6 119
6f 12 8 20 8 .225
6g 14 4 18 4 .015*
6h 10 7 17 7 .315
61 8 4 12 4 19
6] 10 7 17 7 315
6k 1 3 14 3 .029*
61 6 10 16 6 .227
6m n 9 20 9 .412
6n 1N 2 13 2 L01*
60 10 6 16 6 1227
7a 13 10 23 10 .339
7b 12 8 ‘ 20 8 .225
Ic 20 .5 25 5 .. 002*%
8 15 6 b 21 6 .039*

*x A ’
Statistical]y significaqﬁ a = 0.05.

[

-~
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. TABLE v |
ASSESSMENT OF QUESTION NINE® OF THE QUESTIONNAIRE

aThe assessors were asked 1f they found the movements mechan1ca17 |

- looking
~Assessor o ~ Answer to Question Nine
Motion Analyzer - Computer

1 N N
2 N Y
.3 N Y

4 N Y
5 N N
6 N - N

7 N ; Y
8 N ' Y
10 Y N
n N Y
12 N N
13 Y - Y
14 N N
15 Y Y
16 Y Y.
17 N N
18 N N
19 N N
20 " N N

21 - Y . Y
ZZ\ N - N
23 - N N
28 Y Y
25 N N
26 - N N
27 N N
28 N "N
29 Y Y
30 Y |
31 a N N
32 N N
33 N N
34 N Y
35 N N
36 Y Y
37 N N
38 N N
39 Y Y
40 . - N Y

Sum . Y: 1 N: 29| Y: 17 N: 23
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 CHAPTER V
'CONCLUSIONS

’ Discussion of Results

: . §

- There were several ESsumptions made when initiéﬁ]y writing
the’LABAN'interpreter program which werefnot»anetomicaily or mechan¥
1ca11y/correct when descr1b1ng human movement, but would perhaps be
acceptable when/*63k1ng at,movement in an1mated f1lms In genera]
the assumpt1ons made were s1mp11f1cat1ons, s1mp]ify1ng the stickfigure
drawings to what might be the most basic acceptable form, and simplify- )

ing the velocity calculations for each movement.’

1. Stickfigure Drawing

In order to produce as close an°approx1mation to a human form

rraq possible, curved filled-in forms would be needed. Sucﬂ‘drawings

uld (a) be very costly to ‘draw from the standpoint of computer time,."

(b) 1nvolve some type of solution of the hidden ]1ne problem.' ‘
It was decided to choose the simplest possib]e_draw1ng which

could show some three-dimensional characteristics. A stickfigure

- drawing with a torso, palms and head shapes, andjstreiﬁhthljnes for

arms and‘legs was chosen. This figure could be drewn re]atively

~simply using a series of vectors (each vector having eight points

within it which were specified) The waist of the figure was a
single po1nt, obvious]y artificial. The head was a_diamond shape,

o
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only a rough approxlmagyon of a genera] rounded shape (See f1gure

6, page 25)

2. Joint Articulation

" To have anatomically and mechanically correct'information

would requ1re knowledge of mass and volume of each bodypart It was

decided to eliminate al] kinetic descr1pt1ons of movements and to use -

_onlybkinemat1c descr1ptions. This allowed the ]1mbs to bé'treated as
straight rods having no mess. Therefore the on]y’mathematics'required'

' were those‘which defined the positions'of the limbs in space.

Limits to the range of movement of the elbow, knee, wrist
and ankle were programmed and set at 165°. This was chosen from)a

purely visual po1nt of view. These limitat1ons were necessary 1n ,

order to make the movements of the ftgure agree somewhat w1th what we
' .would normally see when observ1ng a person move. The articulations

of the shoulders and hips were not limited in any way; it was felt

thatqthe Labanot.ﬂionco’nniands used would neve_r provide visually

impossible movements at these two sets of joints In add1t10n.move-

ments of the arms and legs did not produce accompany1ng movements

.

qof the torso.

3. Timing'of‘ﬁgvements'

‘Human movement is not always accomplished mith a constant

~velocity. Typically, there will be phases of acceieration, constant |

: { :
velocity and deceleration during a movement. However in LABAN, this
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was not observed. Each’complete>movement was divided up ‘into equal
time intervals and the fo1]owingvgeneral'formula,waqfused in

» ) .’ % P . o - R
calculating the interval.

o

& Initial

Movement Per _ Starting +

-Frame ‘
Position

Total Amount of Frames Needed to
Complete the Movement

Animators do not always follow th1s general formu]a [Dunn.
1973] ’ They somet1mes use geometr1c, rather than ar1thmetic pro--
gressions to sp11t up the total time, g1v1ng a much clearer accelera-

tion and deceleration. For purposes of this research it was felt

(Final Position - Current PoSition) B

that the arithmetic progress1ons used might be sufficient to give in-~

formation about the rea11zed movements

The assumpt1ons outl1ned above could potentially contribute‘

to a loss of 1nformat1on concerning the movements demonstrated in the

an1mated f11ms To what extent thlS would occur, was unknown. The

quest1onna1res g1ven to evaluate the films examined the drawing and i

‘timing of the movements separately,‘as well as the clarity of the

'animation\and-tried to get an overall impression,of the assessors'’

feelings towards the usefulness of such types(o?-films,

1%
o3

4. The Questionnaire

There were four sections to the questionnaire: animation

techniques, timing of the movements, stickfigure drawing and general

g



(a)"Animation‘Techniqoes -

| In answering hoy well an experienced dancer might reproducei
the movements shown in the film strip, twenty-five assessors gave
the same response for both sets of films, and-fifteen assessors gave
different answers The differences arelnot significant atkthe 5%
level and Judging from the‘total nomber of people who rated the films. |
equally, this might 1ndicate that the films may be suffiCiently coherent
to be used in learning a movement phrase ‘

- There was a 51gnif1cant-d1fference in the apparent smoothness‘
“ of the two films Most assessors’ found the Motion Analyzer derived
film to be smoother However, since both films were made uSing the same.
technique, the same camera,. film and phbtographic techniques, ‘the
gsmoothness of the films might’have been influenced by the contents of .
f“the films’themselves In general however, judging from the resdlts, x
most people Viewing the films seemed to be able to accept animation as

a method of portrayal of movement.

(b) Timing of the.Movements

There was‘a significant difference in the ratings of’impulsesi
_and accents as shown in both films. The_Hotion Analyzer derived film
showed impulses and accents better'thanadid the other?film. But-When
asked how well an experienced dancer might be able to understand the
timing, only fourteen assessors differed from their original answers
and this,difference was not significant. In the fourth section of

the questionnaire, however, general written comments did concern them-
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selves with the fact that the computer‘derivedrfiim showed'mechanica]??=*

look1ng movements, which m1ght have partially infTuenced how assessors

wou]d understand the t1m1ng and rhythm of the movements of the f11m. ‘

" Because the LABAN program did have a s1mplified method of

'calculat1ng ve]oc1ty of the movements, the fact that peop]e would f1nd

- the movements somewhat mechan1ca1 was reasonab]e - Some comments

ment10ned that the computer derived film seemed to be very fast at

the start._ The lack of a more def1n1te acceleration and decelerat1onf

would make the movements appear faster than ‘they would normally appear»

if the acce]erat1on and decelerat1on ca]cu]at1ons had been closer to

the manner in wh1ch human bod1es are expected to move - [Dunn. 1973]

*

(c) Stickfigure Dramings

Significant differences were found in the rattngs of the N
torso size, arm shape and arm connection7to the torso,.as well as how

clear]y the leg movements could be observed The torso in “the

computer der1ved f11m had broader shou]ders and was squarer look1ngh

(to use the words of one assessor) i oo .

" The arms were stra1ght lines and assessors fe]t that they
could havevbeen‘formed; The arm oonnection to the torso was also an

area which had been simplified for programming ease. . 'Asséé ors

felt that the arm connect1ons in the Mot1on Analyzer film dfd make a}
's1gn1f1cant contr1but1on to the naturalness of the image.on the ”

_screen The lack of assoc1ated shoulder girdle movement uhich should

4

‘ f‘have accomp]ished some of the arm movements (particularly those which
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brought the arms overhead) was a shortcoming in the'computer derived .

Cfilm.

There was a significant difference in clarity of arm move-

ments between both films | The,arm movements appeared to be nore v151blej

"and comprehenSible in the Motion,Analyzer film.

(d) General‘Appreciations'_d

This section of the questionnaire tried to gain information

about how useful the films might be as a cursory method of viewing move—i :

‘ment. Subjective responses to questions were encouraged. When asked

if they found the movements mechanical looking, nine aSsessors answered

~affirmatively for both‘types of films. Seyeral mentioned the angular-

ity of the stickfigure as being a reason for the mechanical looking .
movements. Eight assessors felt that only the conputer derived move-
ments appeared mechanical, two.found only the Motion Analyzer derived
movements mechanical | | |

Since both films were appnpximately the same shape and
proportions?::actors other than the angularity‘of the- stickfigure may »'

~ have affected the assessments. ‘One assessor noted that the stillness

of the nonemoving bodyparts in the computer derived film was very

~ artificial. Unfortunately the LABAN program has no method'of)produCing, |

associated shoulder or hip movements when the arms or legs moved.

: Another assessor stated that the timing was mushy. Impulses often

given at—the start of movements in dance as an unconscious accent,

were~not programmed into LABAN, instead; the velocity was equal through-. ,
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out a movement, a.manner of moving not norma]]y observed in dance.

- The differences between the rat1ngs of the timing'element of the fi}ms :

~in the second section of the questionnaire'were s1gn1f1cant, and the |

h method of ve]oc1ty ca]cu]at1on 1n the program might have" been a reason

7 for this.

The dancer in-the»original film added embellishments to the

movements that were part\of'her perfonming style andlthe film of her

probab]y.showed movements which were more complex‘than those produced

by the computer. 'Rathertthan being more mechanical, the latter film"_

could be thought of as be1ng less comp]ex, when compared to the
Mot1on Ana]yzer der1ved f11m -

Th1rty-one of the thirty f1ve assessors who commented on-
the useab111ty of these f1lms as cursory methods of v1sualiz1ng dance.
felt that the films were extreme]y clear and an excel]ent method of

showing the essentIals‘of the movements,

1

Conclusions L R

L3 : ~ -

! , S T SR
_ There are three elements which could contribute to the loss

-

of infonmation'in this research. The first is the'use of film as :

a viewing medlum which can destroy much of the dynamic quatigies of

| movements However. in th1s research  the usitof film ts complete y

unavo1dab1e

The second element lies 1n the use of stickfigure drawings.

“\

,(0".
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The figure might be too SImple to be of use. | The results of the o

' queggionnaires given showed that stickfigure draWipgs are comprehen51ve ‘
and coherent. - The assessors realized and accepted the abstract

"rhuman form represented by the stickfigure draw1ng, for the drawings had

"‘fenough detail to be easily identified as a human form. Reference was

made to the mechanical man feature of - straight Tine drawings, suggest-
x’ing that the body should be more rounded however, it was also noted
- that the figure was still coherent. |
| Perhaps the element‘yhich contributed most to the loss of
}'information was the metbod of velocity calculation in the LABAN program
The method used in the program may not have mirrored the usual move-
| ments of human.bodies closely'enough, giv1ng‘rise to artificial looking;
Amovements in the computer derived stickfigure drawings. 'Animatgf%f
’ rule of thumb of geometric progreSSIOns for interpolation of time
intervals are more acceptable to observers than the arithmetic pro- ,'
gression used to ‘split up the time required to go from position to
position, as in the program. |

: ln analyZIng the ‘direction and level' commands the program
did prov1de adequaterinterpretations of the Labanotation symbols, for
Tthe assessors felt that they could recreate the movements seen on both
films equally well In general no one. element proved to be detrimental”
| to the overall comprehenSion of. the movements of the figures in the
films. Both types of films were Judged as satisfactory by the
naaority of assessors ‘
) In conclusxon, it has been demonstrated that lt is possible

'to write a program to interpret selected Labanotation commands and



produce stickfigure drawnngs which when v1ewed as an animated film.

‘ adequately represent the movements notated , » 7
e The development of a computer system which could interpret

movement notation (specifically Labanotation) is feaSIble. Further_nork; o

on the use of Labanotation symbols, rather than codes, as the method of'

:entering.commands into the-system should be done. 'Thetuay-notation-isfm,
3'handled in‘Labanotation is by symbols, and'their use would.make gy

interpreter computer system more inviting. Undoubtedly, the bulk of ' ;‘

any further work would have to be done in the 1ncorporation of a larger

set of Labanotation comnands In order for- the system to be useable,vv

additional.movement description possibilities are necessary, To provide‘

a'general‘mathematical analysisvof motion description, however, would
. c

require much work for in this type of description, the direction of

movement, rather than ‘the SPElelC position, 1s stated Real time

| displays of the interpreted movements should also be part o; a fully _l :

developed system.- Some sort. of cathode ray tube deviCe»would'be'

~ required.

Making the reconstruction of notated movement scores'simpler

might encourage theireuse by dancers, choreographers and directors. .~

Familiarity with Labanot ion might encourage these same’szople to "

develop literacy, thus providing dance with a reliable, uniform notation'

system it still requires.

RS
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| | .~ APPENDIX B

'FLOWCHART OF LABAN
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2
Imtiahze beat and frame ’ S : .' ‘
counter. . S T

.{

Read in predefined .éata on limbs,
joints direction and level, and
default position for each limb, -

-

: Read m;dance constants (camera i -.uﬁte'these :
: an/e ﬂnd "IE'Ight) vconstants on .
. - _ file, |
-\ Read current beat comands of : ~ S
’ - the dance? : . e S
~. Ts this —
~the end of the Stop. )
T~__dance? _ IR
. eNO - L
Convert beat measure to - o
beatstep i‘@aT_vx‘ _ . '
Convert direction a’nd level . n
commands to their angular S
measure for current beatstep| .

Convert all cmlex Hnbs to : 7
their simple component parts |
and transfer an data to g




o % e

»

130

~ | For each o
| simple 11mb ::i:i"'_ B

|
]

* Calcu1ate rotations and’
store these in arrays.

__NO.

katculate new
‘direction and

evel for

* Flexed limh -

" Is there a command
< for contraction? _

Is thfs'cbntraction h
: a fold? '

Calculate new

{direction and |
} level for
1 folded limb.

~ L L
HWrite angular
measure on -
file. '

Zero durations of all
complex limbs,

B
Lo = e — — s s e
.ot R 3
HIR
Y . .

Reduée beatstep ddration
for simple limbs by N

one.
i lncrease beatstep counter
B hy one,

oy



| }or\e\aéb beatstep.

.\ Read in data from first program,
R ’ ) .el . LABAN‘. o . v

Has the signal .
for the end of'the

« dance
been reached?

Calculate the number of | =~ <
frames: per beatstep. i

B For each fran‘le.i»f, -
. * P

Acsz. BER

3

For each simple 1imb >~

Ca]culate the amount of
movement in this frame




Change aii previously calculated
" | Z-coordinates and set this :
Joint's Z-coordinate to

- | zero.. _ \
o . | Do check on Z-coordinate of a
B A | gesturing leg. Change the Z-
- e : coord1nate, if necessary. - 3
S . : - — 7
« .o —  PAGE3 -
; : Calculate t| additional plot- | : ~
- . ting points”on head and | o :
S R |hands. . ' SRR
T | '  PAGE3
’ o -/ Write out |
S / rectangular coordin- : .
& o | - ates of joints and ' .
A ¥ | additional plotting -
. o R points. : ,

. , i Transfer pre-:
A c viously calcu-
N 3 o lated coordin-

: S ates to tempor{

SR P ary storage, |
__—"Does this frame .

PAGE 3 erminate within this beat-

SRR L step?




Read in dance constants from
fi]e', passed on from LABANI.

,Stor"’e\d}at'a’on‘ stage dimensiony .
| camera angles and h_eight_s. ‘

Lt 3

\"‘“«‘ S For each frame. >"—————-——

- R Read file of coordmates for SRR E
- : - ttns frame - B S

Call Plotting routines and
calculate projections.

Write projected coordinates R A
» onpr'inter,"»l» | "
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 APPENDIX C

EVALUATION QUESTIONNAIRE AND SIGN TEST SCORES ——

Y



1. ANIMATION

film ) _
(l) Animation techniques sometimes produce jumpy or flickering
images. Please rate the animation as to: .

B (a) how smooth, or ‘unflickering, the film appears to you.
(b) how clearly yOu could see the details in the film

(2) - How well do you think that an experienced dancer could reproduce -

_the movements Just shown in the filmstrip?

II. - TIMING'AND RHYTHM

following questions will try to assess how clearly timing and rhythm
are shown in the film - ; , o

(3) How uell do you feel that accents or impulses were shoun? o

(4) "How close an approximation to human timing of similar movements”'
is the film, in your opinion? .

(5) ~Please evaluate how well an experienced dancer might understand - e

- the timing of the movements shown.

-

III THE DRAHING

The strci?igure drawing shoun was chosen because it was felt to be
the simplest possible drawing to show motion.. Please evaluate the

following as to the satisfactoriness (or otherwise, if need be) from R

the point of view of a dancer using these types of films to recreate
movements.

(6) Use the five point scale te evaluate each question below' 3

(a) the use of stickfigure drawings,in general

, The follow1ng questions will ask you to evaluate the animation of the jL'“"”'

S £

‘Much of learning dances involves understanding rhythm and timing The'lﬁlﬁu"

{b - this particular stickfigure. .
(c) the shape of the figure (e.g. filled—in areas)
d) the body proportions in general. - ) T
e) -the head-size- in4elatiomto thmsbof thebod}f———————— e
f) the head shape. = , e TERG L A
q) the,torsofsize./e,w;,s_eeﬁr;efceeeef7 R -
(h) the torso shape.r,~ e
i; ‘the leg length. DT
{J) the am length. . .
'kg‘ the arm shape. Gl el .
(1) the hands and thunb s to size. L :
m) the hands and thumb as to shape. - - - ool
~ (n) the arm connection to the torso.. - oo e
o) the leg connection to the torso. e T



(7)

- (8)

V..

(9)

an

| - 136

In looking at. the arm movements

(a) how well do the arm movements actuale resemble human
" arm movements?
(b) how naturally does the torso respond to the arm movements?

: (c) how clear are the d1rections of the arm movements?

- How clearly can-you see what thezlegs are do1ng?

GENERAL APPRECIATIONS

- (10)
" movement for any specific thing, or for any reason. Please -

}Did you find the movements mechanical look1ng? :
If YES. could—you write some suggestions as to how you feel th1sv'

could be avoided. ‘ | ‘
Do you find that the film does not tell you enough about the

- comment on your answer, 1f possible.

Please comment on this type of film 3 useability as a cursony
method of visua]izing dance. ,
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 SIGN TEST SCORES

Jow
©o
K'-X%)

.o
-3

L2 - |

. < o

— g

Assessor

coof

000

000+ 0++000+4++0000++++|

.00 + 00 +]
0000000+ 00+ + 000000+ ++00++]

00

0000000}

0000000

00000000 +|

0 0 + + + + + + +|
000000000000 +0f:

-
-
-

» +4 400+ 000000+ + - - +++f
00+ +0+0000000-0000+000 -+~

0.
000G 0

"+ o+ + .0 -

0.0 00 + + +
0+ + + 0 0
00000000 OO

~Joooooo0oo0o0 00"

L0 000000+ 000000 +0]|

0+

00000000 -

0+ ++ +00.0 00

-
-
b

0 +
o

L

| 0000+ - -0+ ++00+ +
+*00+++D00+00++0000000O00

10+ 0 -

0 0.

+

+ 0 0+ 0 + + 4+ 40+ + 4+ + + +

0

0

0 00 O

0+ 00+ 0

00000+ +. 000+ 0 (

0+ 0 + 000 +

.00
e v+ o+ 4

+

+ 0+ ++ 0000+ 000+ 0+00O0O0GO0GO0.L00 +

TR R TR T T T S R S S R S N TR T I

- 000 - .
00000O0O0OT™+ + 00 +

000O0O0O0OO0 00O OO0 000 otfo'fo‘ioi'
000++00000++++0000000

0+ +000+0+000000+0

+ 00 + +# + 000
++ 0+ 00

lo + + 0

t o+ 0

0 +

J# 0+ + + + 0.+ + + .+ + + + + + + + + + + + + + 0+
0

0000 0

o
10
A+

|+ + 00000 05

"‘
7

2
3
4
5
6
10
Rl
12
14
15
16
17
18
19
20
21
22
23
28
25
26
27
28
29 .
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' :.S{gh Test Scores (continued)

" Question

s

~ O

~Na

~ o

w B

O -

lwox

LD ey

O e
w s

o o

o v |

- -]

o’

o e

O

wouv

0

000

0000 +0+ 00000+ ++ 4+ 000000 +00}f-

00 0

+ 00000000+ + 000

0 -

9.

¥ o+ 00

+ 00+ + 00

0000O0OU OGO + +

00+ 0+ 0000000 ‘
000O0O0OO0OOOOST++000O00O0O0O0O0O0O0+ 0

0 ++ +00++.00000000000O0 00+ ++0

+ 00+ + + 0+ 0+ 0+ + 000+ + +0

0000 0 oo+ 0 -

+ +

000

10 f»,o' 0 +

0

+ 0 + +

0.0000O0O0OO0OO0+ 00 +

+ #0000 0 + 0

+ 0 + + 0 0 +

B .

- 00 + + + + + + + PR S .-

-0

L]

/3

’3

32
33
34

.35

36
37

38
39

a0

. | Assessor




U

a

~ APPENDIX D

SAMPLE DRAWINGS FROM THE PLOTTER -
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. APPENDIX E

© LABANOTATION PHRASE USED AS INPUT TO PROGRAM
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