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ABSTRACT. 

A ctmputer program which converts selected movement*notation 

symbols i n t o  numerical ' representations o f  the body-'s posit ions and 
B 

v 

* 
p r i n t s  out the resu l ts '  i n  the form o1f graphic output was developed. The /' 
notat ion system chosen for conversion was Labanotation. 

* n  

GesturaJ movement comnands were analyzed and a program was , 

* - 
m i t t e n  which int.erpreted the& forms of commands. Both methods o f  

' . describing ges tu rs  movements- avai lable i n  ~abanotat ion were 'programmed. 
?- ---I - < 

I n  addition, modif icat ions of f ina l  posit ions - through specific contrac- +. 

t ions and intermediate posit ions and knowledge about the a q u n t  ' o f  

ro ta t i o n  wi th in  each 1 imb were programed. Once spherical c%ordi nates 
. . 

. for  each bodypart were c a l ~ u l a t e d  for every u n i t  of time, the program 
* . 

interpolated the movements f o r  each in te rva l  ('frame') t o  be used.in \ I 

- the dynamic displays o f  the computer outputs. These were p lo t ted as 
a 

s t ick f igure  drawings f o r  each ' f r a k . '  These p lo ts  were photographed I 

one a t  a .time, using thgstandard animation technique of doubling t o  
- 

produce an a n i k t e d  f i l m  o f  the computer derived movements. - - % 
r 

* 

'. 
I n  order t o '  examine the coherence and comprehensfbi 7 i t y  o f  , 

4 
- -- 

- *  A the' an'imated . f i lms produced f;on the computer outputs, assessors were + 

asked t~ E m a r e  the' computer derived drawings t o  sirnj~a,r drawinqs 
* .- . d ~ r i v e d  ry c tma tog raph ic  analysis o f  a dancer doing the same move- iP 

i <' - 
+ 

ments as were eptered i n t o  the computer. ' The assessors were'asked 
--__- 



C .  . 
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b * .  
iv , - I 

\ t o  rate the qua l i t y  of the animation i n  general, the timing of.th_e -.. 
I 

\ 
'+\ 

>. movements, the c l a r i t y  o f  the drawings and the usefulness such f i lms  
N. , . 

"wodld hake as cursory methods i sua 1 ia movements.. 
\-, */-- - ,  
1 " - -- 

T<he resul ts  of the asskssments indlcated that  the interpol-  
d 

I ' 
b 

I at ion  formulae which calculated the t i h g  of the movements i n  the 
J . conversion program seemed t o  b4Vers imp l i f i ed ;  as the t iming factor 

/.y-- 
* +/- 

for the computer C d d u c e d  f i l m  was rated signifi;antly poorer. I n  t 

general', the assessment r&u l  t s  se&ed t o  i nd i fa te  that  both. f i  lns  

' showed .the movm,ents i n  a s u f f i c i e n t l y  c lear and canpreherlsible 
5 

X. 

manner for use by dahcets. 
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not surprise us that  i n  ( the absence o f  
4 of recprding dances the procesf 

ark- has been checked: ba l le t ,  
the highestldance form, has not followed the 

- d 
progressive path of other a r t s  ;in spi t e  .o f  the 
genius o f  many j l l u s t ~ l o u s  *maitr& de ba l l e t .  ' , 
I t  may be assumed that some of the f inest  m n i f -  . 
estations o f  choreographic genius have been l o s t  , 

m - .  ' a forever, because, being trami t ted  by memory from 
generation to  generation, i n  time they pass away \, 

\ <  completely wjthout a trace for posteri ty." 

$ 0 

V.I .  Stepanov (1892): 
3 4 

.) - 
< a 

i , 

' ' e 
i 

Q 

> r *r .. . ," 

/ 

J 

1 .  * 
- < . ,  .. - 

+ I 

+ 1 . 
1 

e 
(1 

@ a \ 1- 
F 

' * 
8 

i 

. % I  

c, 
.. 

4 

. ' " -  ' *  

1 

i 

. *  - b 

. - 
r ' ,  I 

, 
. i 

i 0 i 

1 I 

- 4 

J ,  - 
4 

I C 

-+' 
-, - _  i 9 

= id? 1 *%& 



. . 
' B . -. 

4 7 . 
vi 

=. % 
I - 

- L -  - 

> 

t . \  1 

\I ' 
; 

P i 
-_ I wish t'o ~ o n t b m e r y  who has 

d 

been. my psearch supervjsor and an u n t i r i n g  source of encouragement. a: 

I would. a1,so 1 i ke t o  thank him. for  helping w i t h  the d ra f t  of th i s  
- 

\ 
I d 

manuscript and offering valuable criticisms. Tom Calvekt and I r i s  
1 i -- 

5 ~ a r l  and' a1 so deserve a speci a1 thanks for  serving on mydresearch , 

cdmnitteb and f o r  helping me formulate this research. In addition, 
,' 1 

I would l ike  to  thank Ms. Garland f o r  allowing me to f i l m  heb 
\ 

, dancing and to  -use her Kinesialogy class as film assessors. John 
- 3 Dunn provided me w i t h  information about animation tha% I could 

never f i n d  i n  the 1 i teratiwe, and Jaan p i  11 end Rudy i r ench ,  of t h e  . 

Simn Fraser University Fi lm ~ o r ~ s h o ~  donated the i r  t i p d  

expektise i n  helping me prepare the aniitkted films. +nks also 

goes to  Mrs. E l  ti s *o typed + the manuscript. - 
- i.. , 

- 
. * 

? a ' 

Finally, the positive feedback that  I received tfrom David 
3 

Lach made me real ize tha t  anything was possible. 
-+ 

. - 
\ 

1 % .  * - - . .. 
v 

t 

, I  6 t - - 



TABLE OF CONTENTS 

APPROVAL . . . . . . . . .  : . I . . . .  

A B S T ~ C T  . . . . . . . . . . . . . . . .  
. QUOTATION . . . . . . . . . . . . . .  
; @Cl$NOWLEffiE#ENT . . . . . . . - . . . .  

. . . . . . . . . . . .  . % LIST OF TABLES J '. 
+- 

. . . . . . . . . . . .  A LIST OF.. ~ G U R E S *  

- 
. % 

Chapter 

., 
L - .  

. . 

v i i  ' c 

... 

* I * " .  A a- ,- I. INTRODUCTION . . . . . . . . . . . . . . . . . . . . .  1 .  c 
% 

. . . . . . . .  . . . . . . . . . . . .  Purpose o f  Research ; 
* 

I .  
5 

\ 

J 

+ '1%. RELATED LITERATORE . . . . . . . . . . . . . . . . . . . .  7 
* 

S m r y  . . . . . . . . . . . I  ; ;. . . . . . . . . . . . ' .  10 % 

1 

* (I 

i I 
4 

a I THEORY OF LABANOTATIO~ . .' . . . . . . . . .  
4 .  L 

. . 12 'i e 

i; 
j I Introduction , 4.- . . . . . . . . . . . . . . . . . .  12 

i - Descr7ption of Labnotat ion ComMnds Used i n  . 

h .  
1 . . . .  . . ; . . . . . . . .  ' 
- 5 5  , colpputerl Analysis 2 : 14 . i  I ' - - r ?. 

--a** * . '  -IV . nq~lr NE RE$RESENTA+ION OF -~VEFENTS . . . .  ..: . g o . .  23 
- - - - --- 1 

. ; Development of Coding Protocol . .  ,.p . . . . . . . .  23 
m / B , -$. + - -  - - - +  - % . .... . . . . . . . . . . .  i LABAN In terpreb  r Program 29 . > !h > * 

a ....................... ~ y t i ~ n  . L P m e d u  -, 55 

I Analysis ~f t?aQ . .  ; ... . . . . . . . . . .-. 2 - *  57 .. 



\ - 4 * * 

u 

P. + bi' i  i 
# 

* - C h a p t e r  Page - 
. . 

a --- 

V .  CONCLUSIONS . . . : . .  ; . . . . . . . . . . . . . . .  62 . 
I 

P . . . . . . . . . . . . . . . . .  . . D i s c u s s i o n  f R e s u l t s  
Pn 

62 
sr * 

68 Conclus ions  . . . . . . . . . . . . . . . . . . . . . .  

t \ 
I 

APPENDIX A - PROGRAM L I S T I N G O C  LABAN . . . . . . . . . . . . .  7 4  p2 

APPENDIX B - FLOWCHART OF LABAN . . . . . . . . . . . . . . . . .  
r 

1 2 8  ' - .. / 

APPENDIX c - EVALUATION' ~JESTIONNAIRE AND SIGN TEST i 

. . . . . . . . . . . . . . . . . . . . . . .  SCORES 1 34 
I 

-a 

APPENDIX D - SAMPLE DRAWINGS FROM T H ~  PLOTTER . . . . . . . .  
APPENDIX E - LABANOTATION PHRASE USED AS INPUT TO ,.- 

PROGRAM . . . . . . . . . . . . .  , . . . . . . .  ,qY 1 4 2  
f a - 

', 





I 

FIGURES LIST OF 

Figure 

. . . . . . . .  . . . , . . . . . .  . . .  1. ~abanota t ibn  Symbols 15 J 4  

i . ,I 

2. Xi Direct iona l  Descriptions w i t h  Level shadlngsl . . . . . . .  17 

3. Speeifi3c Contractions . . . . . . . . . . . . . . . . . .  18 
-- 

4. 1. 'Labanotation Staff . . . . . ~ . . . . . . . . . . . . . . .  19 

0 5. a Basic' Bodypart Signs i n  ~ a b i n o t a t f o n  . . . . . . . . . . . .  22 . 
P 

6. Numbering of Bodyparts i n  the Program LABAN . . . . . . .  .25> - w 

* . . 

U\BM Program . . . . .  .': . . . . . . . . . . . . .  27. 
0 

\ 9 r '  . 8., In te rsec t ion  o f  Planes . . . . . . . . . . . . . . . .  38 *$ 

9. D e f i n i n g C o o r d i n a t e s o f " a L i n e . .  . . . . . . . . . .  39 
'i 

k -- . . .  . . . . . . . . . . . . . .  10. F l e x C a l c u l a t i o n .  : 41 .. .9 
I * I . . . . . . .  $7 . 11.  old b l c u l a t i o n  .- . . . . . . . . . . . . .  :43 

, 
/ 

I 

12. ~ u r k n a  T i m  Calculat ions for  Torso and/or. ! 

I . - 
. J  Upper Sections o f  Limbs . . . .  : . . .  47 

3 .>k* k 

13. - Current Tim ~ d l c u l a t i o r &  f o i  ~ o i e r  Sections 
I 

I 
1 - I ' ..f 

ry * *  . of. ~i"mbs . . . . ' . . .  , . . ................". 448 - 
* .  

t 

. 14. Prosect ion of a Point  on to  a Plane . . . . . , . .  -. .\. 53 1 

\ +  , 
- _  1 

C -. r 
- 4  

a - -  - --- - - - - - - - - - - 
4 L 

- 8 4 

' 4 . . 
1 < . 

I 
- * - 

, * 4 

I , +  
. ._ +- 

t 

1 L ' 
a a J . , I 



CHAPTER I . 

.. ' 

3 NTRODUCTI ON 

9 Dance i s an a r t  form whi c .cdnierns i t s e l f  w i  t h  space and 1;. e i ./ . \ 

-b tiw. Fo? i t s  development as a major form, i t  req i res  some method 
a + 

of recordin% and preservi ng t h e  works of people engaged i n m k i  ng 

dances. 48. 

P ' .a 

I f  required several centuries fo% t b t i o n  ;( bvcome a 
C 

uniform system. Because of i t s  recent deve 

, not  y e t  reached the stage o f  having one accwtable form. However, 
e- 

dance i s  more complex than music f o r  i t  deals -hi t h  both space and 
\ 

' time, and the human body has many potentgal simultaneous actions. 

, Consequently, 'there are wny more problems involved . i n  the f ~ u l a t i o n  
P, 

o f  a notat ion system i n  dance than i n  nusic. 

~ h e r e ~ a r e  several c r i t e r i a  f o r  a dance system to  

be useable. F i r s t l y ,  a notat ion system f o r  movement must. be capable 
* "a 

. of recording movement from a. var ie ty  of styles, such as bal le t ,  
a b 

modern dance, jazz,, f o l k  danc and tap dancing, as wel l  as the movements 
k - . f? * 

o f  ordi-nary 1 i fe, such as walking and runnihg. Secondly, i t  
T myst be 

'' monomica1 . Since there are of ten ,several parts of the body 40 be 
' 

>J 

. notated,& &stem ;Rust be moderately quick t o  write. Thirdly, i t  

mst be 'accurate. Dancers and choreographers .who have never seen 
B " \ 

, * a notated work should be able t o  read a sco nd get an adkqqte 



2 - " 
t 

Three major systems of movement notatipn e x i s t  t -* -.y 
[Turnbaugh, 19701. One is  based - on a stickfigure noctation, the other 

B 

two, on analytical descriptions of body mque-aents. .& Benesh ktat9on. a %., - 
&, "-- 

invented by Joan and Rudolph Benesh in  1958 [Causley. 19673, is used 

extensively by bal1et"companies bu t  has not been successful ly  used 

in other dance fohs'>e notation is based on an abstract  st lck- 
J 

figure drawing. The second notation systkm was developed by .Ma 
* - 

8 
Eshkol and Abraham Wachmann i:shkol and -Wakhann, \ 1958]..' T& mve- 

', 
ments are placed on a c.mbersow and cbmplicate@, s t a f f ,  and, are  

,a * 
expressed " .  i n  terms of degrees of planar, rotary,  and conical 

- 0 -  

movements, not i n  t e r n  ordinarily used i n  dance. , The t h i r d  system . . - b 

i s  ~abano&;ion, jnvented by Rudolph Laban i n  1926 [Laban. 19563. .This , I 

system i s  capable of recording changes in ang'les of the limbs, dynamic 

changes, and spatial  qual i t ies .  At tog deals.@ t b  movement i n  t e r n  
r 

foreign to  dancers. however. i t  allows the widest range& novernent 
4 Y P  

. . 

descri p tion of the three nota ti o y  systems described [ttutchinsbn, , 

L I 

Because p p t i o n  systems sh&ld be able to record any hunan 

. movewnt, not just* a very fomdl i z'ed subset cal led dance, the need for 
b 

economy is e x t r e l y  hportant .  . ' " Labamtation combines the space- 

time elements into 

. is proportional to 

Asia mans 

be able to  give t o  

one symbol -- the length of 4 syslbol Jn Labanotation 

t b  requfred to complete the raownt. - 

i' 

of &eserving choreography, a notation system mst 

the reader infomation' co&erni~q ipatial changes 
(- 

and the 
8 

1 

of  the wrks.. Video tape and f i l m  are 



4 
/7 . ,1' 

,-J useful f o r  the preservation of' dances but Just as phonogrbphic 
$7 

ings are not enough f o r  the serious study of. a piece o f  w s i c ,  
n 

f "  

..?. 
:J' . 5 - 

3 

record- 

then 

too, f i l m  i s  not enough f o r  the serious reconstruction o f  a work by 
1 

d 
\ s-ne other than& cho;eigrapher. 

k 
kveaent  notat ion systems are d i f f i cu l ' t  t o  learn and require 

. . 

several 

,years of advanced study t o  develop proficiency i n  t h e i r  useS Consequently, 
.% I \ 

 dance^' and' choreographers have Men very kl &ant t o  learn any 
&' - 

no&t ion,  although m s t  uhde;stanq the n e d  f o r  a record4ng system . 

I .  

i n  dance, 

The use of contputers i n  aiding theA study o f  notat ion i s  
. . 

feasi  ble. There- are mtio c r i t e r i a  for the selection of the notat ion 

system t o  be used i n  such a computer system. F i rs t ,  the notat ion 

syst& would have t o  be wel l  known, . i n  use and -fu1 l y  developed. 

~econtl ly, the n o t a t i  on system would have t o  be a general m ~ n t  

descri pt;~n system, dLppposed those tha t  notate- only mvements of 

a specif ic s t y l e  o f  dance. _ .. 
#I 

/ 

, The f l r s t c r i t e r i o n  l ' imits the selection t o  the notat ion 

systems I istedabove. T h e k w s h  system i s  used extensively among 

b a l l e t  companies [Tumbaugh, 19701. Despite i t s  extensive use, 
e 

-4 

t h t s  system of kt&tion has several drawbacks: It i s  used primari 1 y 
- 4 

for b a l l e t  and i s  not  an analyt icalo system [/lutchinson, ' 19721 and 
I ) .  

' u w l d  prove. t o  be very d i f f i c u l t  t o  ccmputerize [Eshkol, -- b t  a1. ,.. 

19701. , The bro -inin$ systenS ,approach m o v k n t  i n  a s imi la r  

analy t ica l  fashion. Each has advantages and disadvantages. ' *  o 

EshLplhtachann 

coordinates designating 

notat ion t reats j o i n t  mvement as spat ia l  

theta i n  nmbrs .  They stress the indepen- 



dence o f  t h e i r  notat ion system fm the % t y l i s t i c  apprdach which i s  , "7 

i.G characteristjc'-iand speci [ ~ s h k o l  and Uachmann, 1 9 w s  p. v i i ]  and ' 
i 

tha t  i t  expresses pure movement, not  jkt dance. Harever, to  notate 

dance, the' a b i  1 i t y  t o  notate 8 broader range of m v e m n t  qua1 i t i e s  
4 

\ 
i s  desirable. 1 

1 

- 
\ 

\ 
The essence of the movement being dbtated must be captured 

4-f the nQtati'8n i s  t o  be useful to (myone who has not seeh th; or ig ina l  

dance. . The - b reason f o r  movement and the manner 

- in  which i t  i s  performed are  o f ten  stressed by the choreographer 

when se t t ing  dances; these subt le t ies must be wr i t t en  i n  the notation, 

otherwise the reconstructed dance would be only a series qf positions. 

Labanotatiori has the ;potential of describing the process o f  movement 

as wel l  as the s p x i a l  pocitions. - ,* 

Eshkol' -- e t  a-9703 used computer ,technology t o  help in te r -  

p re t  movements of one 1 imb hotated i n  Eshkol/Uachnn notatjon. There 
t 

was no attempt a t  dynamic display of the mvernent nor was there any 

s ign i f icant  work oh.,total body m v e m n t  "stng' t h e i r  notation. 

W~rks o f  several contemporary choreographers have been ' 
- 

' p t a t e d \  i n  Labanotation and t h i s  system i s  taught i n  many kaerican 
I -- v . - 

uni versi  t i e s  However, many dancers do hot know, o r  feel qua1 i f  ied  

- enough, t o  make use of the avai lable notated scores. I f  a computer 

system were operational whjch read Labanotation symbols and produced 
b 

a dynamic display of the wovements, interpretat ions of scores could - . 
be simpl i f ied.  I a 

-: 

"1 

The use of ~abanotat ion i n  a c a p u t e r  system s w h  as the oge 
/ - 

suggested by the Eshkol study has never been attempted. Becage o f  - 



. I  
1 \ 5 

% 

. % 

the analyt ical  treatment of limb mvments i n  tabanotation and 

I because Laban's work formed the basis for Eshko 8" Wachmann notation, 

7 the fundamental premises o f  the Eshkol work would be~applicable L 

1 

t o  the development o f  a computer system using Labamtation as 

input . r - 
Such a cmpilter system would nbt develop i n to  an a r t  fo rn '  \ 

i t s e l f  but  would be a tool o f  dance. It would be a rough &l I 

. b i 

and could never rep1 ace the use o f  f i  l m  .or v i  dm tape as a reserving 

and recording medfum. I t s  purposes would be to a i d  i n  the 
#' i 

reconstruction o f  dances and the visualization o f  notated work. 

Host important would be the usefulness' o f  such a &tern i n  providing 

an ove;all view.of a dance. 
I f- i 

The bas i t  problem when using-notation i s  i n  ' b e  K feel' 

of a dance. A computer system wych interpreted notation -1s 
JL ' \  !?*. \. 1 

and prod,uced dynarn1.c displays of the notated .- movements ~ 6 u l b  provide ?' 

- the cursory vf ew needed when i ~ ~ t i a l l ;  .looking a t  a dance score. *" 

u 
Purpose of Research A - 

\ r. 

It i s  prbpssed t o  develop a computer system which would 
3' 

1' 

in terpret  a subset o f  La notation symbols, and produce graphic out- ? 
puts o f  the re3lized m v ~ t s .  The drawings w u l d  be i n  the forn 

4 * '  . -  of a stickfigure, and by photographing the drawings produced by the 

colaputer, a conventional anlmated f i l m  o f  the m~ecnents would be 

- - ' produced. The contpre$ensi b i  1 i ty and c l a r i t y  o f  the f i l m  and the -. 



* .  \' * * .  e 

movements would be tested, and .in th is  way,' infbnnation r e g a r d i d  
\ 

the val  i d i  t y  of the compbter 'pnjgrap) assumptions could be obtained, . - 
. 



2, CHAPTER I1 . 

\ 

RELATED; LITERATURE 

The des i rab i l i t y  of establishing dance as a l i t e r a r y  form 
- ,  

rY 
has been noted by many authors [Morris, 1928; Tetley, 1948; Ldbart, 

- 

'1 956; Jay, 1957; Eshkol and -~achmann, 1958; McGraw, 1964; 
JP, T 

\ % 
~ u t c h i k o n ,  ,1970; Turnbaugh, 19701. * Choreographers, w i  thsut the 

. ,$" 
*" 

benefit of asvement  notation system have had to r e l y  on esoteric - 
* 

note? or. good memories i n  order t o  shape a dance. The use of 

m t a  ti on sys terns and the potenti a1 appl i cations of computer technology - 
i n  composition has been noted by Hutchinson [I9671 

c, 

i 
. . . i f  \he manipulations o f '  . . . a machine could 
produce f i gums on a scree% which could be reca l l  ed 

I 
as needed and which accurately . ref lected a desi red 
movement fo r  the choreographer t o  see . . . the 
experimental value to the choreograptier would be 
tremendous. (p. 82) 

a ~ 

Recently ~unningh* [I 9731 an Anorsican choreographer, a1 so 
. ,- 

exprdhedn the potent ial  use he could see f o r  computer help i n  the 
I I 

v isua l i  z&ion of movement patterns and ideas. However, he was un- 
w 

. . c lear  as to  how the man-machine jnterface could be accomplished. 1 

f 

&tation &s the language of'comnunication between,man and machine has 

s ,the p ~ t e n t i a l  o f  solving the problem raised by Xunningham. 
I 

 resto on-~unlop[l969]' provided a comprehensive 1 l s t i  ng' b f  

. the current notation syqtaip; however, the most pub1 i c i  zed ones 
* 

have proved t o  be d i  ff i c u l  t. to  mas&. A1 though m t a t i  on i s  now 



part  of many university dance programs [Dance Notation Bureau, 19731. 
* e 

there i s  s t i  Zl resistance t o  incorporate dance 'notation in to  dance 

training . 
. 'Work Qy Eshkol -- e t  a'l. [I9701 has provided the b a s h  for  a 

S S  

method ~f reducing th is  problem by ut i l iz ing computer technology. -mamF 

Y 

In provinge that  kfgematic descripkions of pvement could be derived 
D '\ \ 

-from coded notation, the need for  educated guesses as  t o  the meaning 
e9 1 

of a notated piece could be replaced by-pbjective analysis by a 

computer. 

Three areas of'research a re  required to  produce a computer 

system which coul d interpret  no'tation. First, the movement notation 
a J 

must be translated into machine readable forms. Secondly, the 4%- w 

CW 

computer program which would execute the movements by calculating the 

numerical representations of the movements would havey t o  be formulated. 

Thirdly, the resul ts  of the program would have to  be printed out i n  

numerkal or graphic form. 
P 
\ 

The f i r s t  area was successfully accomplished by Eshkol's group 
'1 

[1970J. Input i n  the study was 100% keyboard mt ry .  An attempt a t  . 
r 

entering Labanotation symbols into a conputer was investigated by 
'Z11 

Ful  kerton [no date, ca 19671. ' He called for the use of a l igh t  pen i 

and catho-& ray tube for  entering Labanotation scores into a conputer, 

UnfoQXmately, th i s  project was never implemented. Irnplenentatlon on 
' 

a small scale was done through the manip_ulatlon od symbols on a 
1 . . - 

- .. cathbde ray tube by Shapiro [1972]. She a short Labamtation - 

score. From'th,epoint of view of simplicity, manipulationof 
k 1 

Labanotation symbol s on - a screen, rather than remembering a n  alphameric -- I 



codep'eded wi fh  100% r a r d  en t ry )  f o r  each symbol i s  a desirable 

a t t r i b u t e  o f  a system such -as the one proposed. 
'% ' ? n  the second area of research, the convgrsion of notat ion .. , \ 

symbols i n t o  machine- representations of body p o ~ i  tions, v i r t u a l  l y  no 
e B L ,  

work has* been done pEior t o  t h i s  t ime. The Eshkol work" was l i r n i  ted . 

t o  one l imb and the STWN program o f  whole body movements d id  not 

use Eshkol/Wachmann notation. E$hkol/Wachmann n d a t i o n  - ses an 

i externat coordinate system which i s  only ef fect ive f o r  t h  .moving 

limb; any l imb attached t o  the moving l imbwould change i t s  angles 

and or ientat ion i n  the externaT f i xed  reference system. This created 
$ 

problems for t h e  authors o f  the-lSTKHRN program. A1 so, the rotat ional  
- R 

6 
s ta te  o f  the limbs was not always u n i q h l y  defined. The authors 

suggested a so lut ion t o  the l a t t e r  problem. They f e l t  t ha t  by 

specifying the normal by two polar angles o r  a ro tat ional  angle, a 

solut ion t o  the non-uniqueness o f  some ro tk t iona l  states could be 

overcome. a 

I n i t i a l  work on developing a computer program which would, use 

Labanota ti on has been done ' by the  resent author. Programi ng a1 1 owed 

for  the descript ion o f  any number of moving bodyparts. Due t o  

notat ional features, the hand1 i n g p f  locomotor descriptions (motion) 

was not attempted. The same blem Has encountered by the Eshkol 
t rid -fL 

group; wi th  no solut ion of t heb~ob lem achieved. t 

Information on the j o i n t  movements [American Acadew of 

Orthopaedic Surgeons, 19653 and information on selected areaso 
d 

o f  analytical geMnetry leg.  kCrae, 19533 was obtained f o r  solutions . 



o f  speci f i c  problems i n  the Labanotation conversion program. However,. 

t h i s  area i s  an en t i re l y  new area o f  research. 

The t h i r d  area of research relates to the display o f  the f 
b 

omputer movements. Given the purposk o f  the present research p w j e c t  - g. 2 
a visual display o f  the movements i s  essentipl . Anhated fi lms, phen 

properly produ 
. e 

re lay su f f i c ien t  information t o  be sat is factory  
. ,  

rep faa t i ons  o v ~ n t  [ ~ a l i i s ,  '19693. However film, whether real  % 

o r  animated,is hot a t o t a l l y  satisfactory method f o r  the observation . - 
-,, 

= / '-- and analysis o f  t. Pres ton-Dun1 op [I 9693 phsented the draw- 
- & \ 

backs when using f i l m  t o  study movements. She stated tha t  spat ia l  

changes were v is ib le ,  b u t  dynamics *re not. However, i n  the system 
. -. 

proposed the use o f  some so r t  o f  two-dimensional viewing medi urn i s  

the only possible choice. 

J 
Notation systems e x i s t  today but  are extremely d i f f i c d t  to  . 

master. A potent ia l  a id  i n  improving t h i s  s i tua t ion  could be through 
+ -  * 

the u ie  of computer technology. Work using Eshkol/Uachmann notatlon 

_ as input  i n t o  a cMnputer system was undertaken, but the prb jec t  mas 

confined to n p t i ~ n  o f  o m  limb. 4' 

Another notat ion system, Labanotation, i s  i n  extensive use 
+: 

i n  North America. This system has been used t o  notate 'much contem- 
- 

porary choreography, and was the basis fer  many of the premises of - 
the 

i 

As o f  yet, hokever, mr work has' been -' 



done t o  produce a cmputer compat i bb+ set - . o f  Labanota t ion. 
~, % .  -y 

Because o f  the gmning numbi?r of n&Qed works -using t h i s  *&ion .f- % . 
Y. 3 '  a 

1 .  system, computer assistance i n  the reconstruction o f  s c o r e s 9 l d  be 
' 7  fl 

extremely useful. ~ f t e r a t u r e  on thd co&ersion of Labanptation symbols . 

i n t o  numericql . ~ representat ionshf a body does not"  exist ,  but  the work . 

done i n  the Eshkol study has 

A si)ortcming o f  the 
- * \  

appl i cakions . @ 

Ekhkol p ro jec t  was the - 

displays o f  the graphic output produced by the computer. Animated 

f i l m  i s  i good choice f o r  conveying the  k t i o n s  red l i ted 'by  the a 

- ' .  i 
~onrputer's~stem, and-can provide su f f i c i en t  i n fomJ ion  td  be useful.. -% 

4r 
devices 

.. - 
are not available, anin&ted . f i l m '  i s ,  the . " When cathode ray tube 

only option which can display 
Qi. 

the movements i n  real-time. , . 



> \ - .  B I 

*. 4 - ,  , 4  

% - .  
& .  

k The problems involved j n  translating a three-diwnsional a r t  

* .. form into,a two dimensional representation are many sided. I n  addition 

t o  the obvious loss o f  the t h i r d  dimension, the in tk re la t ionsh ip  
e 

q between time and sp ust be considered. 'Dance is"primqri1y con- - - - -  - - - - - - - ,. - - -- --- 

ceined with th is  i n t e r k l a t i o n ~ h i ~  and keePin9 it in tac t  i s  of 
f 

d' 

fundamental importance. . In  f i l m  and video representations o f  dance, 
P 

thls, interrelationship i s  visi'ble a1 though somewhat distorted,because 
5 s  . 

of the flatness o f  the view, but i t  i s  reprdducible. When translbting . 
; rd 

0 e 

m t i o n  in to  an abstract rotat ional f o ~ . ~ t h e  prob ' ld  o f  the time- a - . 
- I 

i 4 

\ ;pace reldtionshi p must be.'?ecogni zed as= d i n g  the stngularly most a 

i b r t a n t  aspect t o  convey t o  the viewer. L Nikolais 11948; p. 643 sunmadzed the factors intierent i n  i % 

.-. i - 

tiuman inovement which must bh~re~resented i n  any notatlon system. They 5 
+ 

are: (1) the i t ' u r e  o f  the body as a n6vlng entity, (2) the space 
I 

i n  which'the body exists and kdves, (3) the time i n  which the ~ v q k n t  
9 0% - 

takes place, (4) the dynamic energies behind the mvement. Others 
- 

-.- - ---- ,- ,[Eshkol and Wachmann, 1958; Hutdhi nson, 19701 have a1 so recognized 

these factors as being the major factors f o r  consideration i n  moven'ient 

notation systems. d' r _ 
7 
;I 

w 
I - 

- - 
=% -- E Z  



t 

' / I  -./' Labananalysis , - i s  an umbrella term which desgrjbes the system 
\ /- 'a - o f  notations developed by Laban. *re are three area involved i n  

'iL 
f * 

Labananalysis. 
' ,  

A 

$.. 

- 
* . 1. 3abanotation: This i s  a4description o f  movenent using 

. $" - 7  1 -, .; . ,%#\' 
.tp.y yt, ' ,. spat ial  o r i en ta t i hs .  Basically, %Labanotd%ion ident i -  

.+=- 
h " *,t,.& 

'SU f b s  th& bodypart' moving, the t iming o f  the movements, 
. "4 

the direct ion and degree o f  movement and defines the 
h 

' P ,  

i system o f  refgrence from which i s  based the d i rect ion o f  

- - 
&-- lbtif Yri t ing: This i s  the description. of movement which 

- " .  

ident i f ies the underlying theme o r  most important feature - 1 
I I 

of the movement being notated. When using Mot i f  Writing 
- - 

the reader i s  concehed w i th  keeping to a t h e ,  not a + 

*C- - 
, *ei-. .. part icu lar  movement pattern. One might t h h k  o f  Labanotation 
"f . - 4 a 

* and Ebt i  f W t l n g  as being a t  opposite ends of a conti nuurn 
. 4 '  

P 

of mvernent speci f ic i ty .  Motif Wrjting i s  used when 
a 

C 

.s% 

recordgng improvisational studies. 

- 3. Effort/Shape: Thls i s  the term f o r  the descript ion o f  the 
1 

* m 

qua l i ta t ive  aspects of rnovkent. It concerns i t s e l f  w i t h  
P 

- the of tension, body -weight, spat ial  focus and 

t ime  u t i l i za t ion ,  as well  as the shaping o f  the body 

[Hackney, Manno, Topaz, 1970, Part X I .  
. . 

'Bodypart i s  a technical term used i n  ~abanotation to  
represent a predefined section o r  segment o f  a body. 



;* * % 

Description of ~abanota$imTomnands~,..Used i n  Computer Analysis k. 
. 'a 

4- 

3. *.la 
= - .  

- - 3 . -  

. - 
Laban, i n  the development o f  h i s  movement notat ion system, w 

B 
;learly&ad a f irm &asp of the need t o  represent the factors of space. . 

. J 

time and bodypart ident i f icat ion.  kaa symbol i n  ~absnotat ion can ' 

p o t e n t i a l l y  describe these three factors of movement; 
2 

'--+ 

1. ,Space Factor +, 

k 

Ebdypart i s a general tern1 used t o  ind icate a 1 imb o r  a pa r t  
- 
,' of a limb. Each bodypa& 'tits a bound e'M, ordase, and a f'ree end; 

- - 

* 
L Z 

1 , these have been defined for reference by Hutchinson [197O. p. 2273 
I & d 'r and are represented i n  Takle 1. %+ 

L I 
' II 

/ L 
b 

TABLE I 

BODY PART COMPONENTS - , K* 

& . 
s 

- Bodypart 

upper arm 

lower arm. 

hand 
- C 

upper 1 eg 
\ '.4 

lower, leg  
4 

f oo t  

. \ 

i 

-r 
- * E 

Bound End 

- 
shoulder 

&bm, 

w r i s t  

. h i p  
. . 

T 
knee 

ankle 

Free End 

e l  bow 

mvt 
f inger  
t i p s  

knee 

ankle 

t i p s  of 
toes 

a 

-3  

Labanotation Sign ' s 

' t '$ 

&* dyi& 
3c -- 

t.. 

J E  

% - - 

- - =# -i 

9 k  



- 

When ca lcu la t ing spa t i a l  directions, ~abanota ti on* has adopted 

a cer ta in  frame o f  ence for measurement . 

(a ) Dkec  t i on * 
1 

u 
' The d i rect ions are taken from the re la  t ionship of the bound 

. - -  
to free. ends of~13mbs w i th  spec i f ic  d i rect ional  names given t o  spec i f ic  

relat ionships, . - 
- 

- 

and have been spec ia l ly  shaped t o  show the direct iogs. a 

p 
b. Right Diagonal Front 

c. RQht Side 

d. R i g h  Diagonal Back 

e:Back , 

f. Lef t  O i a g o ~ l  ~ a k k  

,% 
Labamtation Symbols 



when mvement i s  described i n  t e n s  'of f i n a l  position, the pos i t ion 

i s  calculated from the relat ionship between the bound and: f ree end' 
-- . * 

of the moving bodypart. This type o f  descr ipt ion i s .  t a l l e  

destinational descript ion i n  Labanotation. It i s  used mainly when 

deal i ng w i  t h  gestural - mvements . A gestural mvement (or gesture) 
* .  

i s  ch ie f l y  movemot which involves parts of the q d y  not supporting 
-> 

i 
i 

the weight o f  the body. When movement i s  described i n  'terms o f  
r 

d i rec t ion  o f  movement, rather than f i n a l  position, i t  i s  ca l led 

motional description. Usually t h i s  type o f  movement descript ion i s  
6 * 

used for locorntor a c t i v i t i e s  and t ions o f  the state- o f  the 9 

a -  

/ 

weight-bearing bodyparts. Motitha1 des'cription i s  a less fundamental 

descript ion than destinational descript ion and can only be reduced t o  

destinational descript ion wi th  great e f fo r t .  

(b) ~ e v e l  

The descript ion o f  d i rec t ion  mSt be a three-dimensional . 
v 

representation. -10 do this, shading o f  the symbol i s  used and i s  

referred to, i n  Labanbtation, as the !level ' o f  # e . m v ~ % t . .  Level 
. I 

- . I  

re fers  to  t,he d i rec t ion  o f  rbvginent $n three dimensions. ; When the 
0 - I 

bound and free ends are i n  the same bri zontal plane, t h i s  'level i s 3 

ca l led  'Middle.' . 'High' leve l  i s  when the f ree end o f  a .limb i s  , L? 

J - - 

45" above the bound end; 'LA' l eve l  i s  when i t  1s 4 5 O  below the' 

baud end o f  the l i b .  1 

* 

- 1 B 
C 

., 

--+, 

i 



HIGH 

L . 

b - 

MIDDLE 
* 

Figure 2 

Directional Oescription With Level Shadings P C 

The actton of a limb or Mypart moving about i t s  axis i s  

called rotary mtlon. The axes of the IS'& and of the movement coincide so 

that appreciable change in th& position of the limb in space occurs 

*here the axrs o f  the 11& is at right angles to the axis of the' movement. 



. (d) Contractio s ' ,  .% + 
\ Movement which shortens the distance between two points i s  

referred to, i n  Labanotation, as e i ther  f lex ing  o r  folding, A f lex ion C 
* i 

i s  movement a t  two joints,  Hhi le  a fold i s  movCmnt a t  one jo in t .  

The free end o f  a bodypart i n  f lex ion  draws i n  towards the bound end on 

a s t ra ight  path, while i n  a fold, i t  approaches the bound end on a 

curved path. I n  a flexion, the central j o i n t  o t  a l imb i s  displaced 
/ 

while i n  a f o l d  i t  i s  the extremity which moves, Figure 3 displays . 

the differences between flexes and folds. 

d i rect ion o f  
movement 

, Z 

/ 

FOLD 

Figure 3 

~ ~ e c i f i c  Contract4 ons 
@ 



As w i t h  music notation, Labanotation u t i l i z e s  a s ta f f  on % 

3 
%I 

' which .to w r i  t e  the, symbols. Un1.i ke music, the s t a f f  runs ver t i ca l l y ,  # 

'-I/-- - 
and' l s  read from the bottom Upward. There can be up to f i f teen , 

columns i n  a staff,  each c o l m  representing a bodypart,&r group o f  

bodyp'arts. Certain c o l m s  o f  the s t a f f  have de f in i te  bodyparts 1. 

<. assigned, while other col  mi can have, more 1 i beral usage. W& the 
C 

.r 
l a t t e r  case occurs, 9 'presign8 (a symbol used before a d i rec t ion  

m m n d  on the staff t o  indicate which bodypart i s  moving) i s  used. & 

<' *- -. 
Figure 4 

Laknota t ion  Staff _ _.- +-- - 



-' 
The placement on a staff, or  the use. of a presign, therefore, - 

' 

indicates which bodypart i s  being referred to. It must be noted that  

t h i s  convention i s.  used for destinational descri ptbns. The most o f  ten 
3 

used presigns are shown i n  Figure 5. When the whole body moves (as 

i n  walking or running) thes-entral two columns 'of the Staff are used ' -- 
exclusively t o  indicate this. 

3. 'Time Factor 
d 

4 

Time i s  markid o f f  on the central l i n e  o f  the staf f ,  the space 

between the marks represents the duration o f  the u n i t  o f  time (either i n .  ' 

beats , measures o r  seconds), usual l y  predetemined. The length o f  '1 

any &nbol i s  proportional to the tine required f o r  the movement o h e  

bodypa rt. Simultaneous actions are described i n  the same horizontal 
a7' 

* .-. , 

space --. on the staff. I n  Labanotation, the elements o f  time and space 
1- 

have beeh- anbined into one symbol, a factor not fgund i n  other notation 
F,---* p_ 

systems [~utchihson, 19723. When both elements o f  space and tfme are 

combined in to  one 

i s  important when 

sy;;l8ol,'there -. i s  an ecp- of the language, yhich 
% -. 

dealing w~ftk..the conplexities o f  human aovemnt. 
1% 

* . c-- L - %,. - / r' -1' 'a, 
---r, 

lXc*-%z, +.. 
-1 -* t .  

A description o f  the : facton of &&t as defined by - 

f 
'R 

~ i k o l a i s  and others have been mentioned. L a b t a t i o n  includes three - 

h 

of the four factors necessary i n  any mvewnt  &tation system. 
2 -k 

A destinational description symbt i n  
1 

r 

three bu i l t - i n  factors:- (using taban's ~ m l n o l o g y )  % - 
< 

1 
f 

+ z 

_ - -  
. *. La 

* - - :< 



fdent i  f i  cat ion of the bodypart moving'. 

iden t i f i ca t ion  of the s ta r t i ng  - t h e  and duration o f  the 
v *- - 

movement. \, ' 

d i rec t ion  and leve l  o f  the mo~emeht.~ \ 
1. 

-\ 
/ 

* 
Addit ional information t o  the above i s  required t o  describe 

--.=& . 
r o ta ry  motion and contractions. I n  addi t ion, a  f u l l  .explanation o f  . ,.A- 

# 
\, 

a l l  the~abanotat fonsymbols has not  been inc luded in  theabove -, 
- 
\ 

4 

+discussion, but  can be found i n  Hutchi nson [1970]. Only b%$e%ybo l  s  
I 

which have been used i n  the computer analysis were deal t  with* 





CHAPTER I V  

MACHINE REPRESENTATION OF MOVEMENTS 
- 

+ i 

Development of Coding Protocol -_A 

- A computer program was wr i t t en  t o  i n te rp re t  sui tably coded 
* 

i n f o m t l o n  concerni ng movements and t o  produce ~drawi ngs which , when 

made i n t o  an animated f i l m ,  showed the real ized movements i n  real-time. 

The optimum data format- would al low the user t o  enter Labanotation ++.- 

#+ symbols d i r e c t l y  i nko the computer { Since the hardware which *would 
J 

i 
allow t h i s  was not available, an a1 ternate coding system was devised. 

1. Codi nq Procedure 

I n  Labanotation there are 'limbs' and ' jo ints, '  these not 

necessari l y  coinciding w i th  the conventions o f  anatomy, but represent- 

i f ng sonre convenient po int  of reference. I n  the program, the Labano- 

t a t i o n  convention o f  bodypart i den t i f i ca t i on  was maintained as closely , 

as kss ib le .  

The body was divided up i n t o  segments (limbs) which were 

e l  ther  siinple o r  complex, The simple ltmbs were defined as having 

no $$ernal movement capabil i t ies, For example, the arm i s  a complex 
\ 

limb and f s c w s e d  of the.-tipper arm, lower arm and hand, which are 
I 

* 

r a l l  considered si lrple 1 h b s .  Pn t h i s  research, the hand an& foot 



was each treated as a u n i t  -- there was no f inger  o r  toe movement. The 

trunk, o r  torso, was divided up according t o  the ~abanotat ion conven- 

t ion: the chest region consisted o f  the region o f  the torso bounded 

by the thoracic vertebrae, the waist regign bordered by the fipt 

and t h i r d  lumbar vertebrae, and the pelvis, by the four th  vertebrae 

and the coccyx. 

A t  the s t a r t  o f  the program, t h i s  data was entered, as wel l  as 

other relevant information about each bodypart. I n  addi t ion t o  the 

1 imbs, the j o i n t s  were nunbered t o  accomnodate the problem o f  hierarchy 

of-yvement . 1 
" -  x 

5- 
The lower end o f  the torso was set  as - .  '1' and the other j o i n t s  

of the torso (here defined as the f ree end o f  each" torso section) were 

numbered conshcutively. The r i g h t  side o f  the body was numbered evenly, 

the l e f t  had odd numbers. Figure 6 shows the numbering o f  the body- 
- 

parts (both j o i n t s  and limbs). 
1- 

'\ -? , "" 
a L- Two examples representing the same movements are - shown i n  

Figure 7. ' The f i r s t  exmpl e w i  11 describe the movement3 .us1 ng 'Labano- 

t a t i o n  symbols, the second uses the coding protocol developed for the 

program. %. t 

The movements -- The i n i t i a l  pos i t jon i s  a ;tanding posf t ion, 
t 

facing forward, both fee t  together. On the f i r s t  -beat, the l e f t  l eg  
1 

hhenever a G y p a r t  moves, i t  takes a l l  the other bodyparts 
attached t o  i t s  moving , a w i th  it. There is ,  then, a hierarchy 
o f  bodyparts, the close=p;~,to the torso, the hlgher on tb* 
hierarchy. I n  the ca lcu lat ion o f  the $usition of each limb, a t  each 
time interval ,  a speci f ic  order had t o  'be followed so tha t  those limbs 
closer to  the torso were calculated-f irst.  

r, 
T . 



Figure 6 
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,t 26 - 
gee; t o  forward h ip 1 eve1 , &ding beat t o  complete the v y e -  . * -. \ 

merit. On the second beat, the l e f t  leg goes t o  the l e f t  side, also 

a t  hip level taking one half beat. On the t h i r d  beat,. thC l e f t  leg, 2 rr 

lowers by 4 5 O  and the movement requires an ent i re beat t o  complete. ' - 

. - 
I * .  

La banotation representation -- The Labamtation represen- _. - I  

tat ions of the above movements are shown i n  Flgure 7. . 

2 Coded input of LABAR program --. Bodypart, t iming and spatial 
* 

identif ications are inherent indany Labamtatton symbol by v i r tue o f  
2 . .  - 

the fact  t h r t  t k e s p b o l  i; plaied on a staf f  (whlch defines the star t ing 
-+ 

point and the bodypart moving), &s a certain s i k  (the duration o f  the - 
mvemnt), shape (direct ion o f  the movement) and shading (level o f  the 

h 

mvement). This information had t o  be expl ic i  t ly-given in*  the program. - 

The following format was chosen, 

The f i r s t  c o l m  represents the type o f  movement, '2' fop a 
', 

suppor~ (a bodypart which bears weight), '1 f o r  a gesture, '0' f o r  

the end of the input, The second column o f  the input data represents - 1 Y 

the star t ing time o f  a par t icu lar  movement. The t h i r d  c o l m  
\ .  ... 

represents the bodypart (e i  ther a j o i n t  o r  a 1 irnb) moving o r  acting .as. 

a support. The fourth c o l h  represents the duration o f  the m v m n t  

o r  support. ' The f i f t h  column represents the di&t ion and level of 
% 

the &vement. Often there can be more than one entry i n  the l a s t  ' 

--- - - -  - 

column. This i s  how 'intermediate positions' (those dlrdctions not - . . 
- - 

defined by a specif ic symbol) are entered. Appendlx E shows the actual  ' 

dance entered Into' LABjW * _  _ - . r 
+ 

'UBA~ i s  the name given to the colplter program developed for ' i L4 ; - 

t h i s  research. The l i s t i n g  i s  given i n  Append+%+; and a f l o w h a r t  . 
provided i n  Appendix 0. -. , 

; 7 .  
i? , ---: 
' **-: 

$ :. 1: ";; 
J 

.-2- = - $*>< ,. -. * 
.4: - ,- 3.352- 



LABANOTATION REPRESENTATION 9 , 
C' 

INPUT INTO LABAN PROGRAM 

Starting . 
Tt Re 

Direction/ 
bdypart Duration Level 

ANR 4.00 

1 1,OO 1.00 F WLL 
? 

1 2.00 WLL -50 LSM 

t 1 3.00 WLC 1 .oo 
3 

LSL . 
Q 

*. 
4.00 - % - -. 

Labamtation Description 

- 

- - 
v_%- I , 

. >  I - -  



Additional data needed f o r  the f inal  aniwition, draw4 ngs had 
b 6 

t b  be entered. The cine ra te  (&sired frames p6r second) and timing 
1 ' - % 

(beats per' minute) w re required as data to 'calca!ate\SBB3 n e r  of I+- i * &  _' 

frames per beat. I addition, information used t o  c $ c u ~ ' t h e  
I - I 

% 
apparent angle o f  viewing o f  the f i na l  p lo t te r  drawings and the two- 

d 

dimensional projections, was given a t  the outset of the program. 

It was decided that each 1 imb would be described i n  ' t e r m  o f "  

spherical coordinates. Thus, translation of Labanotati on d i  rectiop -c 

< .  +. 

- and 1 eve1 symbols i n to  angular measure had t o  be done. Front . ' 

d i  rection ( i n  ~abanotation) was considered, to be zero radians, back,- 

wards, t o  be n radians, the r i g h t  side (perpendicular to  f ront)  I 

n/i radians, the l e f t  side 3n/2 radians. Middle\ level was chosehi-to 

i be zero radians, high level,. t o  be 37r/4 radians level  t o  be 

~ 1 4  radians. 

Each posit ion i n  Labmotation could be described by ustng 
", 

two angles, + f o r  d i rec t iopwasure and 9 f o r  level &gap.  A 
_. ?I -. --. 

problem arose when q v d i  fying. 'Place. ' Because Place 1s the longitudinal 
# 

axis o f  the body i n  gestural .movements, certain changes had t o  be made 

t o  the values of + (direction) when moving to'or fm t h i s  posit4on. 
/ 

I n  order to keep the movenents i n  /ne)plane, when the orlgi n (or 
J 

a 1 - - -  
destination) o f  a movement - .  4 s  Place. the-$ value o f  the d&tim€ibn , 



9 - * 
8 

a -5 
29 

radians, but a non-unique' 4. 1 

Y 

A1 though the dra ings produced by the computer were st ick- 7 
figure drawings, the cings of palms, feet, and the rotat ion o f  9 
each limb about i t s  axis had to be known and th is  was .also 

%% 
7 part  of the i n i t i a l  data. The angle of rotation' was-.&)led 0. 

B 
LABAN Interpreter' Program . 

I 

8 

>- \ 
. 1. W e r a l  Overview 4 - I 

i 

The program LABAN interprets: (1) coded bodyparts and co-nds . " 

t o  those bodyparts. afid computes the spherical coordinates describing 2 "" -" 6 

the - f i na l  posit ion o f  each bodypart. *f2) computes the duration l e f t  t o  
m 

complete each cormbaanand a t  the end o f  each beat; (3) computes by inter-  
hL 

polation, the iectangular coordinates of certain points, a t  specif ic 

intervals o f  tine. ( 4 )  plots a st ickf lgure drawing of the mves, and 
.I<- , - 

I 1  

pTi&, the rectangular coohinates o f  the points a t  each t i n e  interval  
* . 

,deshd.  The program can npve as lwiiy bodyparts as must be . 
r 

a t  any given time. Any gestqral ,mvment: described i.n term of 
B 

d e s t i n a t i o k  mvements can tie interpreted by LAM. 
I * -- 

d 
- The o&~inal  plan ha& the program run on a D i  gitgl 

- - P* &, a dn i capu te r ,  debugging to  be done on a larger 
*- / 

machine, the fy 370/50. 6 e  < r o ~ r s m ,  i n  order Gfit tnto the 



- 
up the next when cmplekd.  However, the s l z e  of the program and the ' 

1 3  

lack. of adequate plat t ing f a c i l i t i e s  on the PDP & wde  the -use or 

this computer quite impractical, and the final work was 'done exclusively 
-3 I 

on the IBM 370. f > .  

2. Translation o f  Labanotation intb Machine Readable Fomq 
4 .  

1 v. 

The first section of the program primarily read i, and stored 
-1 

c- * 

data concerning coded bodypart'h,--t&po of t h e  dance, cine rate and 
. S i \  . 

plotting information. The smallest , f ract ionof  a beat used i n  any-# 

parti  gular d a ~ e  was referred-to as  'the 'beat-step. * This  value of 

the b e a t s t e p  was constant, and d l 7  duration information was conver$ed 
* 

=. into beat s t e p  u n i t s .  This a l l w d  fo r  the use of integer, rather r- 

than real values, this pmvi ding economy of menmory space reqdrenents. 
.% .*2,- 

d (a)  0 l ine  of LABAR1 (Section one of LABAN) 

" 
This routine read in  the coded dance, decided i f  a b o d m r t  

1 , 

- +  / " + r e *  

wa's a limb or joint ,  and i f  the des t ik t iona l  c~lmand was mdf fied by 
$ 2 f p  C SF sort bd '  contraction or  intemediate  position. These mod1 fl- 

* 5 
L - /- 

P 
P ,* . a, 

- . cations &re stored i n  arrays t o  be u ~ e d ~ l a t e r  i n  the program. 
a. 7 "  - * 

i d  ( f  ) Directional anqle conversion -, The direction and level contaands . 
i 

4~abanotation c-nds have nine spec+ fic dlmctions,  Interredlate 
poS5tions are  specially mdif ied  positions, and are givenzin the coded a 

c o m ~ n d s  as a sen'es vf camporients of the &sired positfan. The werage . 
of t h e  components' directions i s -  taken to givk the- correct dnd *. - L 

Differences of 7.5" jn directton and level are  possiblC 16 U\BAII. > - - 
IT 

- 

-I .,. 

a -3  

. @  
.- 5 -- 



duration needed t o  complete t h e  movement of each body- 

part were stored i n  arrays a t  each beat-step.- 

- If no new c~mnand was ,given for a particular body- 

part  a t  a speci f i r  time, the previous valies of ,$ and $ 

were retained. If  no comnand was 
2 

ular bodypart, the i n i  t i a l  de*aul t 

read i n  before i n f o m t i o "  about a d&e is read) /or the 
t ' .  

bodypart was stored i n  the arrays. tf no directifn and 

'1,evel iomoands were gi ven, b u t  a flex 'or fold c o k n d  was. 

the previous 4 and & values -re assumed and stored. 

Support bodwarts -- Arrays specifying which bodypart was 

supporting the body weight were also stored as well as arrays 
-.. 

indicating t h e  duration of these supports. 

Coleplex to simle bodypart conversion -- €ertain limbs were 
t 

treated as 'co~plex,  ' conrposed of a ser ies  of M y p a r t s  

. (e.g. am).  lbvenent of these complex t imbs had t o  be  

described as m n k  of the component parts. The values of 
f 

+'and @ and the duration o f  the mvement fok each of , t he  

conponent b r t s ' o f  a c&plei were stored i n  arrays Be as 
I 

if there had been movement mmands fop these component 
I 

pats indi v f  dual ty. 4 
Calculations o f  angle of rotation of a bodypart -- Because 

- 
of the nature , % of the h w n  M y ,  tontractions noruhlly occur 

i n  one d i m t i o n ,  toward the Inner surface of the 1 in&. m e  

'faclng'3bf the lnmr surface (i.e., the rotation of the limb) 



rotat ion 

an axis, 

angles. 

. 
* 

- 32 ' 

then had t o  be calculated before any flex o r  f d l d  calculations 

>could be done. 
- 

Theory used t o  calculate the anqle o f  rotation: If the' 

o f  each limb could be defined i s  an angle pf rotat ion about 

then i t  could be treated i n  the same way as the directional 

An imaginary set of axes a t  each j o i n t  of the st ickf igure 

i s  assumed t o  eqist, with the posit ive X-axis t o  the r i g h t  o f  the f igure 
+.A 

(viewers' l e f t ) ,  the posit ive Y-axis =&ing out o f  the page, and the 

Z-axis having i t s  posi t ive d i rect ion upwards. 

If the end of an element i s  described by the three dimensional 

vector - u, then a general rotat ion can be produced by an application o f  
_ _  -" - 

a trpsformation matrix A, so that  

~ o t a t i o n  a b u t  the Z-axis i n  a clockwisp a- direction, looking - =.*.* -- 
down the posit ive axis towards the origin, y ie lds a posj t ive $ and a 

matrix D which describes the rotation. 

Rotation about the X-axis i n  a clockwise direction looking 
'- 

towards the o r ig in  along thg pos6ive axis, yields a posi t ive 9 and 
- 

1 - -  
a matrix C which descriixs the rotatfon. 



cosq 

RoMtion about the Y-axis i n  a counterclockwise direct ion, 

-- looking down the pos i t ive axis towards the-or ig in ,  y ie lds  a pos i t ive 0 

and a matr ix 0 which describes the ro ta t i on  
1 

0 

A = DCB . . . .  

A i s  a transformation matrix representing a general ro ta t ion  - 
5 through angles +, #t,. and 8 from an. i n i t i a l  pos i t i on  wf t h  + = 9 = 0 = 0. 

. 

Because o f  the appmpri a te choice o f  angles i n  descri b i  ng d i rect ion 

and leve l  Labamtation comrrands, the t$ and 9 are k n m .  The 0 i s  unf 
8 

k ~ m n  i n  m s t  cases except f o r  t ha t  o f  a b w t  complex limb. 

The degree bf ro ta t i on  o f  a complex 1 i& can be determined fm 

- the coordinates of the.nonna1 to the plane o f  the conplex limb. The 

-.. 

-. %his represents an impossible posi tlon, but was chosen t o  
b l low the norrt~zlfs o f  the head, torso, and a m  to  be o f f  t o  the r i g h t  
and the normal o f  the legs, t o  the l e f t .  



. .34 - 
coordinates of t h i s  normal can %be found i n  tuo nays : - 

(i ) by taking the cross-product o f  the vectors which represent 
L 

the vectors o f  the posit ions o f  each o f  the component 
i;s? 

P I imbs. 
I * (ii) by applying the transformation m a t r i x  A representing 

.x' 

rotat ions o f  the n o m l  through the angles @, $,*and 0, 
% 

By equating these two sets of coomlinates., - we can solve f o r  8, 
< * 

the angle o f  rotat ion.  
6 

'Matr ix A. i s  8 
.L 

d 

< I 



s. 
' a '  

' 

These two vectbrs (1, m, n) and (L, M, N) are identical except for  - 

fnagnf tude and therefare 

n = . M '  . . . . (3 ) ,  
9 

where k i s an unknown posi ti ve constant. 
q . 

P rc" 

Thls unknown constant can .be found by substituting k = n 1 N into the 
s 

&ations (2) or (I). The value of k i s  unique., 

For computational sanity l e t  

. . . (4) 
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Let 8 be a solution to t h i s  equa where -tr/2 < O0 < ~ / 2 .  
v , - - ,  1, 

Then 0 = e0 or  0 = 0 + n. One of these two solutions yields a vector -: 'L-: 
0 . ..tJ,'V,' A ,  . 

(L, M, N) which i s  ident ical  (e&ept for magnitude) wi th the vector '.+.,?" % 

(1, m, nj; the other i s  paral le l  but i n  the opposite direction. To - 
I 

ident i fy the correct value of 8, the vector (L,' H, N) i s  calculated 
rt 

with 8 = eO. Using the relat ions ( I) ,  (Z), or (3) the sfgn of k i s  
*7 

checked. If k i s  positive, then 0 = 0$ 'i@ k i s  calculated t o  be 
4 

negative, then 0 + n . 
\ a 

\ - Method a b \ c ' ~ ~ u l a t i , n g  the rotat ion o f  limbs i n  LAW: Rotations 
41 

\ \ y p ~ t s -  1 - 10) were not a l l o k d  1" t h i s  verslon-pf of the torso 
4 d 

LABAN. Only the rotations f o r  ttk arms and legs were calculated. 

Each complex limb was considered t o  bg composed of three simple 

-bodyparts: upper, lower and e x t r d i t y .  If a limb was not bent the 

subroutines A M  or  LEGS were used t o  calculate the a w l e  o f  rotation. 

These.subroutines assigned rotat ions t o  certain directional angles and 
e qb - 

could calculate, using a basic TOM, the angle of rotatton for the 

other directional angles. ~f a limb was bent so that any part of the 
b 

l imb lay  i n  a different plane, subrouting CHCK was y d d  t o  calculate 
\ 4. 

the angle of b t a t i p n .  CHCK ifas based on the theob w t l i n e d  i n  the - - 

h c t i o n  above (i.e. equat in&m sets o f  normas coordfnater). 
r 

l 
Ahjss ib le  ra es o/ rotation-between the lare! limb and the ? . ,  

I - --- - - -- - - , I  

extremity were set up nd checked, changing, any previous - vslue - - f o r  B 
- - - ., .-- . 

- 
if necessary t o  bring i t s  value wj th in an adrnf ssible range,. 'Once the + 

- - 
angle of rotat ion o f  each bodypart for a par t icu lar  beat-step was 

> 

.y 
, .<< 
_I I 

.;L ' ;."r 
* 

-., ;":*:: 
L5'> - 5 

1 .-- I 
>. .A.% 

-r,* :. ,., F -< 
' - +  -, L-- 

- 1  . I- I_ . 
) ' _  

-F -+- , - a  - * , LZ? 5; 
C .  
' < -  - . . 5- .r . +*+ < - > * ,  ' ?*.--< 



cat culated and stored i n  arrays, the contraction m d i  f i ca  tions coul - d 

be calculated, f o r  the 'facings' of the limbs were then known, and d 
tha plane o f  movement of the contraction was known. 

3 
(v) Limb modification -- The basic problem involved when flexes o& 

2 
fo lds modified a posi t ion was that  the + and J, o f  the bodyparts 

involved i n  the. f lex  o r  fold would change? Owing to  the Labanotation +, .J 
convention that flexes and folds m d i  f y  two adjacent bodyparts , detai 1 ed 

calculation h k  to be done if the bodyparts were the. upper and lower 
-- 

a& (or legs). Any kvement of the upper o r  lower arm (or leg) woufd 

mve the hand (or foot). I f  the extremity had the same + and $ a s  

the l a re r  l imb (sane direct ion and level), the modification of the 

lower 1 f mb would a f fec t  the extremity as we1 1. . . 

. The'ory used t o  calculate limb contractions: A l i n e  of - in ter -  
-\ 

section (a1 1 points sat isfying tito 1 i near equations simultaneously) of  

two planes has as i t s  q rec t iana l  vector the cross-product o f  each o f  

the two normalsG the planes. 

'Contractions occur in  the  plane described by the normal o f  
the 1Snb. The nor iw l3s  known because the angle o f  rotat ion i s  
laum (a)- - 

i. 



the normal N1. BC i s  also in the plane Pt wi th  n o m l  N2. Then the 

l i  ne of intersection of PI and Pp is BC. 

I f  AB and BC r e p s e n t  two aaacent sfnple limbs of a complex . 

1 imb, A&, tbei < normals are known (0  for each 1 imb has Just, been - -  - - - 

calculated) . The cross-product of 'these nomls yields the d l  mtlonal - .  - - - A 

cosine of the 1 imb BC. . Since the length o f  BC i s  known, *the cwrdin- 

ates of 0 can be 



- 
39 

Knowing that a 1 imb can be described by tw@ angles 4, @ and 

. the length o f  a limb (L), the rectangular coordinate + r  

can be calculated, using the following formulae (see 

e 
%. 

Figure 9 

Defining Coordinates o f  a Line 



Inversely, once thevcoordi nates o f  a point are kno'wn, the ' 

angles @ and @ Can be calculated, from ( lo) ,  

sin* = -L / z , giving a value for Ji . 
I 

From (8) and (9), 

- 
I 

a f te r  a 

f o r  the 

i 

This results i n  

modification. 

contraction has 

k cobs*, giving a value f o r  4 . - 
the direct ional angles @, and JI for a limb BC 

4' 
The angle o f  rota%ion w i l l  not have changed. . 

occurred wi th in the plane o f  the limb. 

Method o,f f lex ion calculation i n  LABANI: The i n i t i a l  posit ion 

o f  the whole limb before contraction i s  represented by PR i n  Figure 10. 

The upperl imb (called MODB i n  the program) and the lower limb (mlDB1) - 

1 
are PQ and QR respectively. Angle, WR i s  the angle o f  flexion derived 

t 

from a e  degree o f  f lex ion specifieh i n  the i n i t i a l  Labmotation colrnand 
z - i  

t o  f lex. (The amount o f  contraction i s  called 'degrees' o f  contrac- 

t i o n  i n  Labanotation) +. 
It, 



I.> , 

.--> 

.s 

x, 
rC Q 

* 
+' t 

* 
* 

Figure 10 

A Flex Calculation 
, 

\ 

C 

Using the sine rule, 
sl 

Q R * S ~ ~ @ R  
PR = * 

- - stn $R 

- - 

*I 

qnd PS and SQ can be calculated: 
\ 

d. 

PS = -  P Q *  C O S Q ~  

SQ = 'jw sln $R 

I 

3" 



I 

, I +ss '. * .42 

; -+ -C -C 

The directional cosines o f  PQ and QR (= -RQ) must be then 
-9 d J 

." found. I n  the program subroutine DCS calCulated the directional cosines 

o f  Rb and fi, given 'the lengths PR; QR and the angle PRQ, i n  addition t o  
fl _ d 

the directional cosine o f  Pk and the n o m l  t o  ,the plane PRQ (the angle 

o f  rotat ion defi~les _ .z the normal). This subroutine took the cross-product 

of the normal t o  the plane PRQ and &, yieldlng the directional cosine = 

4 \ 

o f  9. Knowing the coordinates o f  S, the coordinates o f  Q were then 

calculated and the required d i rec t io  ' 1 cosines o f  & and pk derived: 
i 

i -7 

"% 
Once the directional cosines &ere known,. the subroutine PHPSTA 

4 

calculated the 4, @ and 8 f o r  the 1 imb, given the directidnal cosines 

of the normal t o  the limb. 
*- 

Method of fold calculation i n  LABANI: I n  a fold, the upper -. 

par t  of a limb remains stationary and the' l&r par t  o f  the llmb moves. 

I n  Figure 11, PR represents the stationary par t  o f  the limb (HOW i n  
% 

the program), RQ repWents the moving .limb (mlD81). Angle PG i s  

9 the angle of folding derived from the degree o f  folding specified i n  

the i n i t i a l  Labanotation movement comnand. 
dE I d 



Figure 11 

Fold Calculation ;1 

s The fu1~m;di f icat ion i s  ~ilapler to calculate than the flex 
*%? 

nodlfication, b e ~ v c  the only directional coslne rp#8'6ed i s  that 
. . , -. 

o f  l& (only one ccn@nent par t  o f  a complex limbnmves i n  a folding 

P 

C' PS = PR - QR cos P;~P 
A 



The subroutine DCS i n  LAMNl calculated the d i rect ional  cosine o f  $, 

by f ind ing  the djrckt icmal cosine of $, the coordinates df S and , 
?i 

deriv ing the coordinates of Q. h c e  t6e coordinates of Q and direc- 

t i ona l  cosine o f  @ were known, the subroutine PHPSTA was called. , 
%* 

This rou t ine  calculated the 4, @ and 8. given the normals topthe 

o,f the limbs. 
/- 

( v i )  Transfer o f  data onto f i l e  t o  be used i n  next section of. W A N  

The previously stored values for the modified bodyparts were then 
I 

changed t o  the newly calculated ones. Once a l l  the modifications had 
\ 

k e n  completed, the arrays s to r ing  the 4, I) and 8 values for each body- -. 
part  .at a"pert icular.beaf-step were w r i t t e n  onto a f i l e  to  be used by 

,, 

the next section of LABAN. 
f 4 

( v i i  ) Sumnary - L A W 1  (I ) converted f i n a l  "direct ion and level  

comnands i n t o  d i rect ional  angles @, 9; (2) stored information on . 
supporti ve. bodyparts ; (3) converted complex 1 i h 4 o  s ple' coaponent 4 'I, i 

pt - t , 
parts; (4) calculated the angle sf ro ta t i on  f o r  each simple boclypart , / - - e. 

P&P 

&fore any contractionf ( f l e x  o r  fo ld)  had occurred; (5) changed the 
7 

$, #I o f  each bodypart, involved i n  a modification; (6 .) transferred 'the 

fi ~ a l  i zed 4, and 6 and d u s t i o n s  of the movement o f  each simple 
i 

4 

bodypart a t  zr par t i cu la r  beat-step onto f f l e .  
b. 

T.he s i x  steps w t l  i ned above were repeated over a k i n  fur 
# 

every beat-step of the dance. When the signal 'for the end o f  the 
d 

dance was reached, the program cal  l ed  -the next section of LCgCJ( - 

(UBANZ)  a i d  "proceeded w i th  the new section. 
.a - * r, 



3. Calculation o f  the N tmr ica l  Repeesentations o f  Movements 

Jaj Introduction 

Up t o  t h i s  point i n  the conversion program, 

have been based on f i n a l  h s i  t ions and the duration 

L A W ,  calculations 

required t o  complete 

the mvements. l ow eve;, i n  'order to have the necessary data t o  
a 

eventually produce a dynamic display o f  the realized movements, i t  i s  
E 

necessary t o  know the actu posi t ion 'of  the limbs a t  s p k i f i c  points , 

i n  tine. This seqtion o f  the program k concerned wi th  calculating , ; 

(b) Out lhe of LABAN2 (Section two o f  LABAN) 

l h i s  section o f  the read i n  the f i na l  i, t) and1 

8 and the time l e f t  to complete the f i na l  posit ion f o r  each bodypart 

4 for a part icular beat-step. By i n e  lat ion, i t  then computed the.  

+. $ and 0 values of each bodypart the end o f  &ch 'frame. '7  The 

posi t ion a t  the end o f  each frame was called the 'current time' ; 

position, the directional angles have 'current t i n e '  values, as well. 

I n  t h l s  section o f  t h e  program, the current ti= values f o r  each 

bodypart's directional angles were calculated. Rectangular co- 
3 

ordinates of each j o i n t  ( ex t rm i t y  w i n t  o f k c h  limb, i n  t h i s  case) 
g. 

7~ frame indicates a drawing o f  a f igure a t  the end of a small 
* interval o f  time (e .g. l / l Z t h  o f  a second), After photographing the 
frame with other frames i n  a series (using animation techniques) a 
conventional a n i w e d  f i l m  would result. 

z 
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were calculated, and then stored' i c i r r ays ,  la ter  t o  be written 

onto f i les  for use by the t h i r d  se,ction of LABAN. 

( i )  Calculation of current tim 4, $ and 0 values - The information . 

stored i n  the arrays passed on from @!$AN1 represented the final 

.position to be reached and the duration required to  complete the 
'\ - 
l-- 

movement. In order to know the exact position of the limb a t  any 

point i n  time (e.g. i n  a frame), the values of @, g and 8 a t  that 

- moment, had to be known. These values of @, $ and 8 were named 

'current time' values for they represented the s ta te  of the lirsb a t  

the desired time interval, not t h e  ultimate position reached. 

* - Theory of the current time values: " The theory is based on 

the following assumptions. A movement occurs i n  a plane and( each 
9 

hgnent o f  the movement must  -in i n  that plane. There exists an 

angle between t h e  in i t ia l  and final positions of the mvernent. , ~t 

the end of a frame, there is an angle between the Init ial  and current 

time positions, which is a fraction of the. f i r s t  angle. To calculate 

the current time position, ,the 'current time angle* is flrst calculateds 

usingjinear interpolation. Since-the n o m l  of the..plane i s  known, - 
a 

I )  

the current time values of $, t j  and 0 can be calculatgd. The mathematics 

, involved are very similar to  that used i n  fold calculatfons on LABANI. 
-- '. 

.For each calculation of current time values of  + a@ @, a currenhtiare - .  
1 

value-of - .& 8 has to  be calculated as well. f ' 
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+ - Figure 12 
e 

Curren t .  T i m  Ca lcu la t ions  for Torso ang/or 
e 

Upper Sec t ions  of Limbs 
-. 

If a bodypart + is either p a r t  of the t o r s o  or  t h e  proximal 

s e c t i o n  of t h e  lilPbs, the following procedure is  used. The i n i  t i p 1  
t 

(previous c u r r e n t  t ime)  p o s i t i o n  of t h e  bodypart is represen ted  i n  

Ff grrre I2 by PR, PO r ep re sen t s  the f inal  psi  t i o n  (PR = PQ = 90). 

Angle OPR i t  the total angle of movement b e d n  i n i t i a l  and f i n a l  

positions (= 6). Angle RPQ represen& the anrwnt moved i n  one frame 
'i 

(current tlm angle) .  The nonaal to  the plane  PRQ is obtained by 

taking theJcross -product  of Pk and fi. The i eng ths  o f  PS and SQ can  



be obtained because angle RPQ i s  known. The directional cosines of 
', 

6 can" be calculated and from there, the values of is + calculated 

for - the position. 
* 

For lgwer sections of 1 imbs, the following procedures are used 
6 

\ 
e to calculate the $, @ values. 

1 
Figure 13 % 

Current Time Calculations for Lower Sections of Lislbs 

.--> 

9 
* 

- 6- 
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PR i s  the current time pos i t ion o f  the upper section o f  the 

I lmb (LMUP i n  the program). Angle PRQ i s  the interpolated ;a1 ue of the 

curyent time angle between the upper and lower sections. The normal 
.. 

t o  the plaRe i s  the noma1 t o  the current t i m e  posi t ion 07 the upper 

pa r t  o f - t h e  limb, PR. T k  d i rect ional  cosine of can be calculated', 

and the current time t#~ and $ values o f  the lower section o f  the l imb * 

worke&out subsequently. 

Method o f  calculat ing current time values i n  LAfV\N2: The i n i t i a l  
-. 

angle and the f i n a l  angle were calculated and the current time value f o r \  

the .l labs were calculated .through 1 inear interpolat ion.  The rdut ine . 
NEWDA calculated these interpolat ions i n  a s imi la r  manner t o  the fo ld 

ca lcu lat ion used i n  LABANI. 

I f  a l imb moved through Place High o r  Place Low, the 8 value 

would change by n radians, and a f l  i p i n  the 1 imb would be, noticeable. 

To accommodate t h t s  and t o  allow f o r  a.snmoth t ransi t ion,  equivalent 

values which d i d  not give r i s e  t o  a . f l i p  were given t o  the 4 and 8 - 
values o f  a limb, whenever the l imb had a 9 value o f  A rr/2 radians. 

(t i%) Rectangular coordinate generation -- Once the current time 

values o f  #, $ and 8 were known f o r  each bodypart f o r  a par t i cu la r  

frame, the rectangular coordinates o f  eachJoint were calculated. 

The computer program se t  the coordinates o f  the' f i r s t  j o i n t  i n  the 

hierarchy * a t  (0, 0, 0 )  and loopeb through t h i s  section of LABANZ, 

ca lcu lat ing the coordinates r e l a t i v e  t a  the f i r s t  set  of coordinates. 
% 
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-- The program also determined i f  a support duration was stored for a 

par t i cu la r  j o in t .  I f  there was a support duration stored, the z- 

cgo.rdinate o f  t h i s  j o i n t  'was set  t o  zero t o  represent the f l o o r  

(whos;&tFco&rdi na t e  i s  treated as bei ng zero). Then + a1 1 p r e v i o u s l ~  

cal  cut ated coordi nates were readjusted t o  accomnodate t h i s  change. 

Since most cases calculated' have the support on the feet, cer ta in  

- ?  rov i i ions  had to  be made t o  insure tha t  a gesture of a l e g  would 

not br ing the foo t  through the f l o o r  (i .e. have a z-coordinate which 

i s  a negative value),..* ' 

+ ( i i i . )  Additional p l o t t i n q  points -- Additional points used for 

plot t i 'ng purposes ( r i g h t  and l e f t  sides o f  the head, thumbs and p a l m  

of hands) were also calculated i n  LABAN2. The x-, y-, z- coordinates 

o f  each o f  the addit ional points were taken re la t i ve  t o  the bound end 
R 

of the 1 irnb i n  question (hea8 o r  'hand) and were pa r t  o f  the i n i t i a l  

. data read i n  by ~ A N I  and passed on t o  LABAN2. By applying the 
Q 

' 
transformation matr ix A (same as i n  LABAN1)rotations through the 

\ ' '  
- 

1 

? angles 4, rl, and 8 were obtained. using the #, 9 and 0 values o f  the 

' 4 m d  o r  hand, the ciol'di na tes o f  the speci f i c a p i  t io rd l '  h i n t s  were 
- 

obtqined (using subroutine TRDSP). 

( i v )  Transfer o f  data -- Once these coordtnar$s inere; calculated, a l l *  

the information needed t o  p l o t  the par t i cu la r  frame was wr i t t en  onto 

a f i l e  for use by the next section o f  LABAN' (LABANPL). 
I 

I 

I. 

(v) Sunmary -- Section two o f  LABAN, LABANIS' (1 ) calculated the 

current time values o f  4, 9 and 0 values; (2 ) worked out rectangular 

J 4" I 



coordinates of each j o i n t  for each frame o f  a beat-step; ( 3 )  calculated 

the coordinates of 'the additional points (used f o r  plotting); and 

(4) stored the data o f  the previously calculated information as arrays, 
I 

and wrote the current t ime  values on f i le .  Reiteration o f  LABAN2 

continued fo r  a l l  the. frames o f  any part icular beat-step. Once the 
0 

beat-step was completed, a l l  the arrays concerned with the completed 

beat-step (+, #J and 8 and the duration) were transferred t o  another 

set o f  "arrays [cal led 'previous data' arrays) and the program was 

looped through again u n t i l  the end o f  the data from LABAN1 was 

reached. 

4. Graphic Output 

(a) Introduction 
, - 

This section read i n  the rectangular coordinates of each jo in t .  - 

f o r  a par t icu lar  frame, calculated the p ~ e c t i o n  of the x-, y-, z- 
--r 

coordjn&s of each j o i n t  onto a plarie Y = ,O, using previously supplied 

fnfomatfon so as t o  determine the height, distance and angle of the 

'performer' (stickfigure) fwwn the 'camera' (apparent viewpoint of 

viewers of the ultitrrate product -- ani animated f i l m ) ,  and plotted out 

a sttckftgure drawing which d3agramd th is  information. 

b Uutline o f  UWWL (Section three o f  LABAN) 

t i )  6enerat theory of projections -- Projection o f  a point ( X  Y Z ) 
P' P'- P ,  

onto a plane YS = 0 from a poi& (X,, V,. 2,) 1s t h e p i n t  ixSS YSs 4). , 



- 
YS - Yc + A(Yp - Y,) 

Because YS = 0,  

P 

Then, 

However ( X  Y , Z ) might n o t  always be i n  the same set of axes as P' P P 
(X,, YSs  Zs). In th is  case, (Xp, Yp, Zp) must be transformed. 

C I ' 

+ 

----- 
I 5 

. 
\ 

. . 

Q 

- 

I 1  b 

B 
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Projegtion o f  a Point onto a Plane 



Usi'ng (8) - . 

- 
By substitut ing these values of X Y and Z i n  equations (5) and ( 6 ) .  , 

P* P P 
the projected point (XS,  YS, ZS) can be found. 

' "- 

( i i )  Method o f  calculatinq projections o f  coordhates i n  LABANPL -- 
J 

The point (X  ' Y , Z ) represented .a point on the st ickf igure calculated 
P' P P 

i n  L'AElAN2. Point (Xc, Y,, 2,) represented the 'camera' and had the 

coordinates (projected onto the plane YS = 0 o f  the p lo t ter )  o f  
.--- 

(0, PC, h,) , where rc represented the distdnce o f  the camera fm the 

st ickf igure and hc represented the height o f  the camera above ground - 

- 

1 eve1 . These were the names assigned t o  these gralnewrs i n  the 

program LABANPL, and were i n i t i a l l y  entefed i n t o  the program a t  the ' 

/ 

beginning of LABAN1 o r  a t  the s t a r t  o f  LABAMPL; 

The subroutine P W  calculated the of the points 

passed on from LABAN2, o ~ t o  g plane Y = 0. The p lo t ter 's  X-axis and 
'k 

the st ickf igurg's X-axis were i n  d i f fe rent  directions, because when 
- -  - - - 

viewing the st ickf igure f m ' t h e  frbnt, i t s  r igh t  became l e f t  and 
- - - - - 

l e f t  became r ight.  + 

A 'stage' ( f i ve  points on the plane Z = 0) was also dram, i n  

order t o  provide addi t ional visual cues. 



, - - 55 

(lli ) Other features o f  UBANPL -- I f  m, p l o b n g  was desirbd, 

L M P i  skipped me p lo t t i ng  routfnes and only 1 is ted the rectangular 

coordinates af each jo int ,  as passed on f rout LABAN2, and each jo in t 's  * - - 

C 

projected coordinates as calculated i n  LABANPL. I f  only specif ic 

fram information was wanted, th i s  was done by supplying special. 

data cards which were read a t  the s t a r t  o f  LABANPL. 

Eva1 ua ti on Procedures 

The computer program LABM was used to 

coarnands given i n  speci a1 l y  coded Labanotati on 

interpret  movement 

plot ter,  available a t  the Simn Fraser ~ n i v e r s i  ty Computer Centre , 

comnds. A Calcomp 

was used t o  produce the indf vidual frames o f  a f i l m .  Each f r a m  was 

nurabered and drawn i n  black ,Ink on 12"inch wide white paper, using 
P C '  

a pen sjze o f  0.5 am. In  order to photograph the frames, conventional + 

b* 

a n l a t f o i  techniques were ked.  Each frame had t o  be made in to  a 

separate.9' x 12" gha t .  Instructions t o  the p lo t te r  b l a r e d  for 4a 
this, and a l i n e  was drawn separating each frame from the next, a t  

a distance of 10 inches. Appendix D gives samples o f  the plots. 
i 

Animtion 7, stands have A special ly constructed bars a t  the top 

0- photographic area, so special paper had to be attached t o  the 

top of each frame drawlng. The stage m i n e d  stationary thmughout 
f? 

the dance, so I t s  comers were used as refe,knce points i n  al igning 

each frame drawing w i t h  the next. The stand i n  the Simon Fraser FilmA 



Workshop priiduced the most aesthetic images using a size nine f ie ld.  .- - 

The camera used was a 16. mn Bolex re f lex  with singre frame shutter- 
--. 

i 

capability. using black and white f i l m  (TRI-X reversal, wi th an ASA 

The conventional technique o f  photographing each frame twice 
, 

was used, res"1 t i ng  i? twelve image changes per second, w f  t h  a cine 
aC 

rate o f  twenty-four per second. (More stable perceptual images ar ise 

i n  the case o f  'doubling,' and work on the par t  o f  the anhator  i s  

substantial 1y reduced. ) 

The sam movements, coded i n  tabanol3tion, were danced by a 

dance; and these were also photographed on 14 m fi ln+- Specific 

coordinates (dup't i ca ti ng those" points o f  the computer derived st ick- 
t 

f igure drawings) were obtained from each f r a m  of the dancer f i  l~. - 
using a Vanguard Motion Analyzer. The coordinates were punched on . I 

% 

cards and a p lo t t i ng  program was wri t ten t o  have the Pbtion Analyzer 

st ickf igure drawings plotted on-the Calcompblotter. Thiswas done 
'9 

T 
t o  produce two sets o f  s imi lar looking figures. The same a n l k t i o n  

techniques were used to  produce a 16 mn black and white ff l m  of the . 

Motion Analyzer deriv=d films, usfng the same camera and f i l m  type. 

Both films were made jnto f i l m  loops <,to allow vfewing of ' 

the movements several times i n  quick succession. The two loops uere 
* 4 

t= - 
shown ' to  fo r t y  assessors. A l l  but three had had a t  least  one c o ~ r s e  

- - - - - 

i n  beginning dance a t  Simo Fraser Uni versi t . .  ~ h e g t h e r  three 
0 

- - - - - - 

were professional dancers. A questionnaire was d l  s t r i  buted before - 
the showing o f  each loop. I t  asked assess@$ t o  rate the aniwtlon, s - 



t iming of the mbements, c l a r i  ty, drawing and movements o f  the figure, 

questions requiring written-answers were also included i n  the 
4. Z 

gues t lonna i~ .  I t  wac'felt that  these types df ansners would provide 
B 

valuable information on the acceptabil i ty o f  the films, even though 

they were not amenable ta rigourous s ta t i s t i ca l  analysis, .Each f i l m ,  

being only eight seconds long, was shown f i f teen times i n  r a m  succession 

exami ne 
4 

the contents o f  each 
8 .  

provi df ng the assessors a chance t o  f u l l y  

d 

Analysis o f  Data 

A sign test  was appl fed t6 eve assessor' s responses. The 

d{r&tion o f  the differences, not the 

ansldered. The ratings o f ,  the Motion Analyzer derived f i l m  were 

-red . w i t h  the computer derivedafilm . If the ra t ing  o f  the former 
/ 

was higher, a posi t ive d g n  was given; if the rat ing was-jower, a a , 

negative signwasagiven. I f  bothwere rated-equal, a zem score - - 
was assigned arid the total n-r of pai rs reduced when doing the 

0 -  
8 

: ' s@ithtical'analpsis for that question. ISeigel, .l9563. 

Table- I I shows the results o f  the for the Motion ' . 
2k 

5 '  
Amilyzer f i l m  and the canpilter &rived h l m ,  giving to ta ls  f o r  each' 



TOT&S FOR COPIPUTER DERIVED FILY ASSESSMENTS AND WTION ANALYZR , 

F I L M  ASSESSMENTS FOR EACH RATINGa 
L 

4 h 

Question b 
Ratings 

3 

a~rnputer derived f i l m  ratings are on the l e f t  hand side of each 
c o l m ;  the Hotion Analyzer f i l m  ratings on the r ight  sick of k 

each c o l m .  

b ~ e e  Appendix C for the text  of the questibnnaires. ' 

\ 



I 

Table I I I  shows the tots; of  posit ive and nebative signs and 
\ 3 

the probability a t  the '5% level of significance.  able I V  shows the 

results o f  the assessments as to  how mechanical looking the movements 
. * 

appeared t o  each assessor. The results of the sign' tests, as well  as 
0 

a sample o f  the questionnaire- are 1 isted i n  Appendix C. 
G 5 i  

$ 

.p( 



~ u e s t i  ons b . o f  
'osi t i v e  

Signs ' 

TABLE I 1 1  

DATA FR013 THE SIGN TEST 

(5% LEVEL OF SIGNIFICANCE) 

W.of 
Negative 
Signs 

Total o f  Si ns 
(Nan Zero P 

- 
Sta t i s t i ca l l y  signif icant a = 0.05. 
. ca. 

\ 

rota1 o f  
Fewer 
Signs 

Probabi 1 i ty 



J TABLE I V  

a~he  assessors were asked if they found the movements mechanical 
looking 

As sessor Answer to Question Nine 

Hotion Analyzer Computer 



the 

.i ca 

CONCLUS IONS 

Discussion o f  Results 

There were several assuntptions made when i n i t i a l l y  wr i t ing 

LABAN interpreter program which were not anatomically o r  mechan- 

1 lvH correct when describing human & v e n t ,  but would perhaps be 

acceb;able wherpdking a% movement i n  animated films. I n  general, 

the assumptions made were' simp1 i f ikat ions;  s impl i fy ing the stickfigure 

drawings to  what might be the most basic acceptable form, and simplify- 

ing the velocity calculations f o r  each movement. ' 

1. Stickfigure Drawinq 

I n  order to  produce as close a@ approximation t o  a human form 

aq possible, curved, f i l l e d - i n  forms would be needed. ~uc )d raw~n~s  

&ld: (a) be very cost ly t o  draw ftm, the standpoint o f  computer time, 

(b) involve some type of solution o f  the hidden l i n e  problem. 

It was decided t o  choose tk sinplest possible drawing which 

could shwsolne three-dimensional~characterist~cs. A stickfigure 

drawing with a torso, pa lm  and head shapes, and strafght l ines for 1 
a m  and legs was chosen. This f igure could be drawn re la t ive ly  

sinply using a series of vectors (each vector" having eight pojnts 

wi th in i t  which we& specified). The waist o f  the f igure was a . 

single point, obviously a r t i f i c f a l .  The head was a diamnd shape, 
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only a rough approxima&ipn o f  a' general rounded shape (See f igure  

Jo in t  Ar t i cu la t ion  

--. . 

' To have anatomical l y  grid mechanical l y  correct  information 

would require knowledge of mass and v o l m  o f  each bodypart. I t  was 

decided t o  el iminate a l l  k i n e t i c  descriptions o f  ements and t o  'use 
e 

only 'kinematic descriptions. This allowed the limbs t o  be treated as 

s t ra igh t  rods having no' k s s .  Therefore the only mathematics required 

' were those which defined the posit ions of the limbs i n  space. 

L imi ts  to  the range o f  movement o f  the e l  bow, knee, w r i s t  

and ankle were programed and set  a t  165O. This was chosen from a 

purely visual po int  o f  view. These l im i ta t ions  were necessary i n  

order to make the movements o f  the f igure  agree somewhat w i th  w@t we 

-would normally see when observing a person move. The ar t i cu la t ions  

o f  the shoulders and hips were not l i m i t e d  i n  any way; i t  was f e l t  

t ha t  the ~abanot%lion conmands use'd would never provide v isua l l y  

iapossi b l e  movements a t  these two sets o f  jo in ts .  I n  addi tion,mve- 
€s' 5 

w n t s  o f  the arms and legs d i d  not produce accompanying movements 
t 

o f  the torso.' 

3. TIminq o f  Movements 
3 

i s  not  always accomplished w i th  a constant 

velocity. Typical ly , there w i  11 be phases of acceleration, congant 
I 

veToci t y  and deceleration during a movement. However i n  LABAN, t h i s  



was not observed. Each comp'lete movement was divided up i n t o  equal - 

time i n t e w a l s  and the following general formula wadused i n  
% 5 

calculat ing the in terva l .  

, I n i t i a l  
(Final Posi t ion - Curredt Posit ion) 

M o v e ~ n t  = Startfng + 
Frame B 

Posit ion Total Amount of Frames Needed t o  
Complete the Movement 

Animators do not always follow t h i s  general formula [Dunn, 

19733. They sometimes use geometric, rather than ar i thmet ic pro- 

gressions t o  s p l i t  up the t o t a l  t ime,  g iv ing a much clearer accele~a-  
9 

t i o n  and 1 deceleration. For purposes o f  t h i s  research, i t  was f e l t  

tha t  the a r i  t h m t i c  progressions used might be s u f f i c i e n t  t o  give i n -  
1 

formation about the real ized moveknts. 

The assmptions out1 ined above could potent ia l  l y  contr ibute , A 

to a loss of information concerning the movements demonstrated i n  the 
\ 

animated films. To what extent t h i s  would occur, was unknown. The 

questionnai res g i  ven t o  evaluate the f i l m s  examined the drawing and 

t i m i n g  of the movements separately, as &ll as the c l a r i t y  of the 

'mimat ion and t r i e d  t o  get an overal l  impression of the assessors' 

feel ings towards the usefulness of such types of -fi lms. 

4. The Questionnaire 

There were four sections to the questionnaire: animation 
, 

techniques, t iming o f  the movements, s t i  ckf igure drawing and general 
b 

appreciations. 
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(a) Animation Techniques 

I n  answering hoy wel l  an experienced dancer might reproduce . 

the movements shown i n  the f i l m  s t r ip ,  twenty-five assessors gave 

the same response for bo%h sets o f  fi lms, and ' f i f teen ksessors  gave 

d i f f e ren t  answers. The differences are not s ign i f icant  a t  the 5% 

level  and judging from the t o t a l  numtpr of people who rated the f i lms 

equally, t h i s  mPght ind icate t h a t  the f i lms may be sy f f i c i en t l y  coherent 

t o  be used i n  learning a movement phrase. 
. - 

There was a s ign i f icant  difference i n  the apparent smoothness 
, 

o f  the two films. Most assessors found the Motion Analyzer derived' 

f i l m  t o  be smoother. However, since both f i lms were made using the same 

techni que, the same camera, f i l m  and phbtographi c techniques, the 

s&thness of the fi lms might have been influenced by the contents o f  
C 
the f i lm themselves. I n  general, however, judging from the results, 

most people viewing the f i l m s  seemed t o  be able t o  accept animation as 

a method of portrayal o f  movement. 

(b) Timinq of theJ4ovemnts 

There was a s ign i f i can t  dif ference i n  the rat ings o f  iapulses 

and accents as shown i n  both films. The Rotion Analyzer derived ' f i l m  

shoned impulses and accents be t te r  than,did the o the r  f i l m .  But when 

asked how wel l  an experienced dancer might be able t o  understand the 

timing, only fourteen assessors d i f fe red  f r o m  the i  r o r ig ina l  answers - 
, 

and t h i s  dif ference was not s ign i f icant .  I n  the fourth section o f  

the questionnatre, however, general w r i t t en  comments d i d  concern them- 
' 



selves wi th  the f a c t  tha t  the computer derived f i l m  showed mechanical 

looking 'movements, which might have p a r t i a l l y  influenced how assessors 

would understand the timing .and rhythm of the mov-nts o f  the f i l m .  
4 

Because the LABAN program d i d  have a s imp l i f ied  method o f  

calculat ing veloci ty of ' the movements, the fact  tha t  people would f i n d  

the movements somewhat mechanical was reasonable. . Some comnents 

mentioned. that  the computer derived f i l m  seemed t o  be very fast a t  

the start .  The lack o f  a more d e f i n i t e  acceleration and deceleration 

would make the movements appear faster  than they would n o w 1  l y  appear 

if the acceleration and deceleration calculat ions had k e n  closer t o  \ 

\\ 

the manner i n  which human bodies are expected t o  move IDunn, 19733. 

(c) St ickf igure Drawings 

Sign i f icant  differences were found i n  the rat ings of the 

torso size, arm shape and arm connection t o  the torso, as we1 1- as how 

c lea r l y  the leg mbvements could be observed. The torso i n  the 

computer der i  ved f i l m  had broader shoulders and was 'squarer' looking, 
A 

( t o  use the words of one assessor). 
7 

b 

' The a m  were s t ra igh t  l ines  and assessors f e l t  tha t  they 
. I  

could have -been formed. The arm connection to the torso was also an 

area which had been s imp l i f ied  f o r  programing ease. ~sd&)brs 

f e l t  that  the arm connections i n  the Motion Analyzer ' f i l m  d fd  n & b a  
.tf , . 

s ign i f icant  contr ibut ion t o  the*naturaJness of the image on the 

screen. The laek 
& 

have accompl i shed 

of associated shoulder g i rd le  movement which should 

some o f  the arm kvenents ( p a r t i c ~ l a r l y  those whlch 



b r ~ u g h t  the a m  overhead) was a shortcoming i n  the computer derived 
t ' 

f i l m .  

There wa; a s igni f icant  difference - i n  c l a r i t y  o f  arm move- 

writs between both f i lms .  The a m  movements appeared to  be more v is ib le  

and comprehensible i n  the Motion Analyzer f i l m .  

3 

(d) General Appreciations 

This section o f  the questionnaire t r i ed  to gain information 

about how useful the f i lms might be as a cursory method o f  viewing move- 

ment. Subjective responses t o  questions were encouraged. When asked 

i f  they found the movements mechanical looking, nine assessors answered 

affirmatively for both types o f  fi lms. Several mentioned the angular- 

i t y  of the stfckf?igu~ as being a reason f o r  the mechanical looking . 
4 

movements. Eight assessors f e l t  t h a t  only the computer derived move- 

mnts appeared mechanical, two found only the Motion Analyzer derived 

Since bath films wek appqpximtely the same shapeland 

actors other than the angularity o f  the' stickfigucre may 
b propor ti OnsE 

have affected the assessments. One assessor *noted that  the st i l lness 

o f  the non-nbving bodyprts i n  the computer derived f i l m  was very 

a r t i  f i c i a l  . Unfortunately the LABAN program has no method of producing 

associated shoulder o r  h ip  movernents when the arms o r  legs moved. 

Another assessor stated that  the timing was 'mushy. ' Impulses, often 

given a t  - the s t a r t  o f  m v w n t s  i n  dance as an unconscious accent, 
I 

were not programed i n to  tA8AN, instead, the veloci ty was equal. through- 
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out a movement, a. manner o f  moving not 

The differences be-tween the ratings of 

68 

normally observed i n  dance. v 

the t iming element o f  the f i lms 

i n  the second section o f  the questionnaire were signif icant, and the 

method o f  velocity calculation i n  Me  program might have been a reason d, . 

f o r  this. 

The dancer i n  the or ig inal  f i l m  added embell%hments t o  the 

movements that were part '  of her performing s ty le  and the f i l m  of her 

probably showed movements which were more complex than those produced 

by the' computer. Rather than being more mechanical, the l a t t e r  f i l m .  

could be thought o f  as being less complex, when compared to  tfie 

Motion Ana'lyzer derived f i l m .  . 

Thirty-one o f  the t h i r t y  f i v e  assessors who comnented on 

the useabili ty o f  these f i  ms as cursory methods of v i s w l i  zing dance, 1 
f e l t  that the f i lms were extremely clear and an excellent method o f  

. 

showing the essentials o f  the movdnts. 
i 

Conclusions 
A 

- There are  three elemnts which could. contribute to  the loss 
* 

o f  information i n  thi; research. m e  f i r s t  i s  the use o f  f i l m  as ' 
- - 

6 a viewing laegiun which can destroy much o f  the dynamic q u d x i e s  y o f  

mvemnts.   ow ever, i n  th is  re;earch, the u q o f  f i l , ~  t s  complete 

unavoi dab1 e. 

The secon,d element 11 es i n  the use o f  s t i c k f  igure 'drawings. 
L Y 
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The f igure might be too simple t o  be o f  use. The results o f  the 
-e 

qwst4onnai res. g i  ven showed fha t s t i  ckf  i gure drawipgs are comprehensi ve 

and coherent. The assessors realized and accepted the abstract 

human f o k  represented by the st ickf igure drawing, f o r  the drqwings had 

enough detail t o  be easily ident i f ied  as a human form. Reference was 

made t o  the 'mekhanical man' feature o f  .straight l i n e  drawings, suggest- 

ing that  the body should be more rounded; however, i t  was also noted 

that  the figure was s t i l l  coherent. 
. 

Perhaps the element which contributed most t o  the loss of 
$ 

i n f o m t f o n  was the ukthod o f  velocity calculation i n  the LABAN program. 

The method used i n  ' the program may not have mirrored the usual mve- 

aents o f  huwn bodies clos;ly enwgh, giving r i se  to  a r t i f i c i a l  looking 
*" i 

mvernents i n  the ccunpater derived s ti ckf igure drawings. ~niina@' 

ru l e  of t h d  of geometric pr6gressions for interpolation o f  t ine  

intervals are  more acceptable t o  observers than the a r i  thmetic pro- 

gression used t o ' s p l i t  up the time required to- go from posit ion to  

posatign.-as i n  the program. 
* In analyzing the 'direct ion'  and ' level ' comnds the program 

did prqvide adequate interpretations o f  the Labanota t i  on symbol s , fo r  
L 

the assessors f e l t  that  they could recreate the movements seen on both 

f i lms equally well. I n  general, no one,el.ement proved t o  be detrimental 

t o  the overal l  comprehension o f  the movements o f  the figures i n  the 
2 

films. Both types o f  f i lms were judged as satisfactory by the 
= .  

mjori t y  of assessors. 
0 

In conclusion, i t  has been demonstrated that i t  i s  possible 

to wr i te a program t o  in terpret  selected Labanotation c ~ n a n d s  and 



. produce s t ick f igure  drawings, which when viewed as an animated f i l m ,  
-. 

adequptely represent. the movements notated. 

' ap.I-*t 

k The development of a computer system which could in terpret  

B movement notation (specif ical ly Labanotation) i s  feasible. 'Further work 

on the use o f  ~abanotation synbols, rather than codes, as the method o f  

en th ing  colrnands i n to  the system should be done. The way notation i s  
s 

handled i n  Labanotation i s  by symbols, and t he i r  use would make a g  

+ interpreter computer system m r e  invi t ing. Undoubtedly, the bul k o f  
9 / 

any further work would have t o  be dine i n  the incorporation o f  a larger 

set o f  Labanotation comnands. ' I n  order f o r  the system t o  be ~ s e a b l e , ~  

additional movement description poss ib i l i t ies  are necessary. To provide 

a general mathematical analysis o f  motion description, however, would - .  
4 

require much work, f o r  i n  t h i s  type o f  description, the direct ion o f  - 
movement, rather than the specif ic position, i s  stated. peal-time 

displays of the interpreted movements should also be par t  of a f u l l y  . 

developed syqtem. - Sane sort  .of cathode ray tube device would be 

requ i red. 

Making the reconstruction o f  notated movement scores simpler 

might emurage dancers, choreographers' arid directors. 
% / Famil i a r i  ty with might encourage these .same people to . ,, 

b - 
develop l i teracy, thus p&vi#ng dance with a rel iable. uniform notation - - - 
system it s t i l l  requires. 
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APPENDIX 



I n i t i a l i z e  beat and frame 
counter. 

Read i n  predefined i a t a  on 1 inbs, 
nts direction dnd level,  and 

default position for  each limb. 

I 

Read i njbance constants (camera 
angl +and height). 4 consbnts on 

* 1 

the dance? fl 

Convert direct ion and level 
casllando to thefr  angular 
measure for current beatstep 



Calcuta$e rotations and 
store these in arrays. 

c (4 

A PAGE 1 0 v 

- 130 
For each 
simple t imb. 

i I 

5 

1 Calculate new 
direction and 
level for 
folded limb. 

I Reduce bea tstep duration 
for  simple limbs by 
one. I .. 

a 
& 

. . Increase teatstep counter 
by one. 



orbach beatstep. I>- -o , , ,  : - -  - 

. 

Read i n  data from first program, 
<> 

1 .. 
r *  - LA!3AN1. 

L ,  

I 

- - 

b 

i 

Calculate the number o f  f l  
i frames per beatstep. 

* 
I r 



. . 
* 

14 

Change a1 1 previously calculated 
2-coordinates and set this 
Joint's 2-coordinate to 
zero. 
A- 

> \ 

* 

Do check on Z-coordinate of a 
gesturing leg. Change the Z- 

- coordinate, if necessary, 
i 

, ' 3  

e 

Calculate t$ additional plot- 
@ PA& 3 - 

ting point on head and 
hands. 

r' 

6 .  
pi additional plotting 

t 

Transfer pre- 
viously calcu- 
lated coordih- 
ates to tempor- 
ary storage. ~ 

- 

-- - 

.. 



LABANPL 

Read i n  dance constants from - -- 

f i l e ,  passed on from M I .  

h 

I Stofe data on stage dimension 
camera angles and heights. 

For each frame I- - .- 

t 

Read f i l e  of coordinates for  
th is  frame; . 

1. 

1 

Call Plotting routines and. 
alculate projections. . 

Icr 

I Plot* 
I 

I 
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APPENDIX 

EVALUATION QUESTIONNAIRE A#D SIGN TEST SCORES - .. - 



I. ANIMATION, 

B The following questions w i l T  ask you to  evaluate the animation o f  the 
- 

f i l m .  

(1 ) Animation techniques somtimes produce jugy: or  f l icker ing'  
images. Please ra te  the animation as to: _ 
(a) haw s m t h ,  o r  unflickering, the f i l m  appears t o  you. 

- *  
(b) how c lear ly  you could see the detai ls i n  the f i l m .  

(2) How well do you think that an experienced dancer could reproduce 
the movements jus t  shown i n  the f i lmstr ip? 

L L  

11. L T I M I N G A N D  RHYTHM 

Much o f  learning dances involves understanding rhythm and timing. The 
following questions w i l l  try t o  assess how c lear ly  timing and rhythm 
are shorn i n  the f i l m .  

I 

(3) How well do you feel  that accents o r  irnpulses were shown? 
R.  

(4) 'How close an approximat3on t o  human timing' o f  s imi lar nuvements 
i s  the f i l m ,  i n  your opinion? . 

(5) Please evaluate how we1 1 an experienced- dancer might understand 
the timing o f  the movements shown.' 

The%.tiCkfigure drawing shown was chosen because i t  was felt t o  be 
the simplest possible drawing t o  shw mt iontL  Please evalwte the 
folloning as t o  the satisfbctoriness (or otherwise, if need be) fm 
the point o'f view o f  a dancer using these ty* o f  film to  recreate 
mvernents. 

(6) use the f i v e  point sca l i  te evaluate each question below: 

(a) th\e use of stickfigure drawings i n  general. 
b th is  part icular stlckfigure. 

[ c l  the shape of the figure (a+ f i l led- in area;). 
d tbe body proporti  ans i n general 
c 1 tk-eati sin-innlattorcto---s-the w----- -, - . 

the head shape. 
the torso sfre, -- - - - --- - - - - L  a - - - - 

thetorsoshape. . 

the lt ig length. 
theamlength .  
the am shape. 
the hands and th& a t  to sire. 
the hands and thW as to shape. iti -- la) __ -- -- 
tfse am connection to the tom* - - - - L -- . 
the leg connection to the torso. - 
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(7) In looking a t  the a n  movements: 
(a) how d l  do the arm movements actuafly resemble human 

am mvements? - 

(b) h6n naturally does t h e  torso respond t o  the arm movements? 
(c) how clear are t h e  directions of the arm movements? 

(8) - How clearly can you see what the legs are doing? 

d 

GENERAL APPRECIATIOC4S 

Md you find the mvemnts mechanical looking? 
If YES, could you write some suggestions a s  t o  how you feel t h  
could be avoided, 

I V .  

(9) 

Do you find that the film does not tell you enough about the 
movement for  any specific thing, o r  f o r  any reason. Please 
oorsnent on your answer, if possible. 

useabi 1 i ty as a cursory Please. mmmt on this type of film's 
method o f  visualizing dance. 
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W L E  DRAWINGS FROM THE PLOTTER 







APPENDIX E 

tABATIOTATIW PHRASE USED AS INPUT TO PROGRAM 






