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I. INTRODUZCTION .

The application c¢f the digital computer in the field
of dance choreography is a relatively unexplored area. The
use of the computer in other arts is more widely known. The
computer haé, for example, been used to EOmpose, arrange and
analyze music, as well as to produce musical sounds. It
has generated graphical works of art. Without entering the

controversy over the computer's "true creativity," one can
state that the computer has had some impact on the arts and
the imagination of artists. Its future impact will no doubt
be greater as its capabilities become explored and understood.
In the field of choreography the influence of the
computer has so far been negligible. To understand the
possibility of computer applications in this field, one

should first consider the way in which a choreographer works.

His modus operandi is typically this: He assembles a

company of dancers, and then, bringing with him only a general
idea of what he wants, he begins experimenting and creating
his work of art. The dancers are his living tools. Upon
completion, *the record of the evanescent creation that is a
dance lies only in the minds of choreographer aﬁd dancers
and, perhaps, on film.

The accumulation of a choreographic literature has been
hampered primarily by the existence of two interrelated

problens. These are the lack of an adequate movement
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notation and the enormous amount of information inherent in
the description of even a simple human movement.

Dance notation systems do exist, the most successful
probably being Labanotation, devised by Rudolf Lakan and
first published in 1928 [1]. 1In this system, positions of
various portions of the body are written on a staff resembling
a musical staff. The staff lines are vertical and are read
from bottom to top. An example of this notation may be seen
in Appendix A.

Transcription of dances into this type of written
notation is time-consuming and difficult, and is not a frequent
practice of choreographers.

Both of the abo»ve mentioned problems (the lack of a good
notation system and the large information content of movement)
concern the manipulation of irformation. Clearly here is
unbroken ground for the information scientist.

Thus far, the only significant use of the computer that
has been made in the field of dance has been to use it to
produce lists of instructions for the dancer [2]. Using a
set of symbols representing possible movements, a computer
program generates a list of movements to be performed in the
given order. An element of rdndomness is incorporated into
the algorithm for producing these instructions,’in an effort
to break awey from establiched patterns of movement. Such
instructions are quite general because of the two problems
discussed above, thus leaving a large amount of interpretafion
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to the dancer.

Noll [4] has suaggested that a different approach to
choreography be tried, making use of the interactive
graphical display systems which are now coming into use:

Instead of using the dancers as his choreographic
instrument, the choreographer interacts with the
computer during the creative process. Stick
figure representations of the dancers appear in
some form of three-cdimensional display on the face
of an electronic display tube. The choreographer,
by manipulating different buttons on the console
controls the movement and progress of the work:
Different movements might be stored in the cca-
puter's memory and put together at will. 1Individual
movement restrictions for each dancer could even
be introduced into the process. Various elements
of chance and randomness could be used at the
discretion of *he choreographer. Scenery and stage
props could also be specified by *the choreographer
and drawn by the computer. In effect, all the
different aspects of the work would be under the
direct control of the choreographer to manipulate
and experiment in a myriad of combinations. When
desired, certain portions of the creative process
could be filled in by the computer which might

be programmed to learn the choreographer's style.
All this is a completely new creative process,

and might result in new dance forms. i

Such a tool would be a solution to the dance notation
problem. It would'also be useful for pedagogical purposes,
as a laburatory tool for student choreographers, and as a
device for producing permanent records of dances. Though
not every choreographer would wish to use the system described,
it would provide a means of research into human movement,
choreodraphic styies and the choreographic prncess itself.

It is with such a program in mind that the present
work was undertaken. The prime problem upon which attention
is focused is this: How is a mathematical model of the
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human body to be manipulated without resort to complex
mathematical formulas? How can a dancer model be coantrolled
or driven in a manner sufficiently simple that it not
interfere with the creative process of the artist?

Noll suggested manipulating buttons on the console.
Another approach that has been tried is an anthropometric
harness [6]). This device is attached to a person, and the
mcvements of various key positions on his body axe recorded.
These movements are then shown on an electronic display as
a stick figure going through the same motions as the harness-
wearer. Possibly the interactive device known as a joyétick,
a movable shaft whose pozition can be sampled, would be
useful in the solution of the problem.

This dissertation describes an interactive program
which relates the angular movements of the joints of the
display model to hand-drawn curvés. These curves are drawn
Qith a stylus on a graphics tablet. The pen and tablet are
part of an interactive system'that includes a cathode ray
tube display, a digital computer, and the user himself. This
program demonstrates that this method of model-manipulation
is feasible.

This dissertation thus demonstrates that the notation
problem can be circumvented by the implementation of this
type of graphics program as envisioned by Noll. The vast
capacity of the computer to store and manipulate large
amounts of complex information is here brought to the problem

1



of representing human movement. The solution to this
problem is thus initiated, and it is hoped that the effort

described here might be of value to future workers.




II. PROTOTYPE PROGRAM

II.1 Description

This program is basically the type of interactive
program described in the introduction; that is, a user sits
at a display console and views a dynamic display. The picture
in this prototype program is a stick figure with two moving
joints. The information that causes the console to display
the figure in its various positions is generated in the
computer and is based on user-supplied inputs. These
inputs are primarily curves drawn on a tablet with a stylus.
These curves are shown on the display. Using the coordinates
of successive points along the curves, the computer then
calculates arrays of angles through which the moving parts
of the stick figure will move. The illusion of movement
is then created as the compute; displays in rapid succession
these various positions.

There are four different basic displays that the user
sees. These will be referred to as "péges" in the remainder
of this discussion.

The initial display is page one, the table of contents,

which merely lists the three pages that follow it (Fig. II.1-1).

Pointing to the desired page number or name with the pen
causes that display to appear, as if pages had been turned.
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Page two (Fig. II.1-2) is concerned with determining the
movement of the model's right leg about a hip joint. The
user sees a small fixed figure with the pertinent joint
indicated and three rectangles in which the curves are to be
drawn. These curvus will represent the angular displacement
of the leg about the X, ¥, and 2 axes. Also displayed is a
smgll diagram of these axes, showing their positive directions.
The remainder of the display consists of the page number and
a list of user options. The options, which are chosen by
pointing with the pen, include drawing, savihg or erasihg
curves; returning to the table of contents; and displaying
previously drawn curves. Turning pages of the display can
be accoiiplished by pointing to the arrows at the top of the
picture by the page number. The right arrow indicates
advancing one page; the left arrow indicates turning back

one page.
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TABLE OF CONTENTS
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FIGURE II.1-1
FIRST DISPLAY
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P 1
TURN®

A DYNAMIC BODY MODEL

TABLE OF CONTENTS

RIGHT HIP ANGLES --------

FIGURE II.l-2
SECOND DISPLAY
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FIGURE II.1l-3
THIRD DISPLAY
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DYNAMIC MODEL PROGRAM

INSTRUCTIONS FOR THE USER

ALL PAGES:

*
*

DEPRESS PEN ON LEFT OR RIGHT ARROW TO TURN PAGE BACK OR FORWARD.
DEPRESS PEN ON “TABLE OF CONTENTS" TO RETURN TC PAGE ONE.

PAGE 1
DEPRESS PEN ON NAME OR NUMBER OF PAGE DESIRED.

PAGE 2

DEPRESS PEN ON DESIRED OPTION:

C

»

*

*
*
*
*

*
*
*
*

*

L — i Sl Y VSN AR P PG s SN

TELETYPE OPTIONS; AFTER TYPING HIT RETURN KEY

"DRAW CURVES"; THEN DRAW CURVES IN BOXES IN ANY ORDER. IT
IS NOT NECESSARY TO ERASE BEFORE CHOOSING THIS OPTION. ONE
OR MORE CURVES MAY BE RE-DRAWN; THEN CHOOSE "KEEP CURVES."
"KEEP CURVES" 1IF CURVES DRAWN ARE ACCEPTABLE.

"ERASE" REMOVES ANY CURVES DRAWN.

"SHOW" DISPLAYS LAST CURVES DRAWN. THIS IS USED WHEN
RETURNING FROM ANOTHER PAGE OR AFTER ERASURE.

"RE-USE" THE CURVES KEPT BEFORE WILL BE USED WITH DIFFERENT
CURVES DRAWN ON ANOTHER PAGE.

PAGE 3

DEPRESS PEN ON DESIRED OPTION:

"DRAW CURVES"; THEN DRAW CURVES IN THE BOXES, ANY ORDER.
"KEEP CURVES" IF CURVES JUST DRAWN ARE ACCEPTABLE.
"ERASE" REMOVES ANY CURVES DRAWN FROM THE DISPLAY.

"SHOW" DISPLAYS LAST CURVES DRAWN.

"RE-USE" THE CURVES KEPT BEFORE WIL!., BE REPROCESSED AFTER
SOME CHANGE MADE ELSEWHERE.

PAGE 4

DEPRESS PEN ON DESIRED OPTION:

"SHOW MOVE" DISPLAYS MCVING FIGURE.
"ROTATE X" MOVES VIEWPOINT UP OR DOWN ACCORDING TO VALUE TYPED.&—
"ROTATE Y" MOVES VIEWPOINT LEFT OR RIGHT ACCORDING TO VALUE TYPED.#
"STu2" TERMINATES PROGRAM.

"RE-USE" COMPUTES NEW VIEW AFTER SOME CHANGE BELOW.

EYESTG=n CHANGES DISTANCE EYE TO STAGE, WHERE n IS IN FEET.
INITIAL SETTING IS 20 FEET.

EYETUB=n CHANGES DISYTANCE EYE TO DISPLAY TUBE. INITIALLY
1.4 SCREEN DIAMETERS.

LEFT=n, WHERE n IS BETWEEN -.1 and .42 v
MOVES EYE RIGHT OR LEFT. INITIAL SETTING O.
UP=n, WHERE n 1S BETWEEN -.32 and .02~ ad

MOVES EYE DOWN OR UP. INITIAL SETTING 0.
NN=n CHANGES SPEED OF MOVEMENT, WHERE n 1S BETWEEN 4 and 25,
THE LARGER NUMBER BEING SLOWER. INITIALLY 25.

USER'S MANUAL

FIGURE II.l-5
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Page three (Fig. IX.l-3) is similar to page two, but
is concerned with the angle at the knee. As movable joihts
are added to the program, similar pages may be added. The
program is so structured that it may be extended in this way.
This will be discussed further in Section III.

Page four (Fig. II.l-4) displays a larger stick figure
and a set of user options. If the option to display the
current movement is selected, the stick figure is shown in
varying positions in rapid succession, so that hé appears to
move. This dynamic display may, of course; be repeated as
many times as desired. Page four has the¢ usual options for
changing the display to other pages.

Also associated with page four are options to change
the positions of the viewpoint and the stage, and to alter
the speed of the figure's movement. These will be explained
more fully in Sections II.2-4 and II.{4. e

As he sits at the console, the user hés beside him a
one-page manual of instructions for using the program. This
manual is intended for use by non-technical persons with no

programming experience, and is shown in Figure iII.l-5.

II.2 Data Definition and Manipulation

All objects in this program are ultimately described
in a three-dimensional coordinate system having its origin
at_the viewpoint. The stage znd each joint of the stick
figure have associated local coordinate systems. For the
hip joint, this local system originates at the base of the
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spine, and the vertical (Y) axis corresponds to the spine.
For the knee joint, the system has its origin at the knee
point, and the vertical axis corresponds to the upper leg
vectecr, whatever orientatio& that vector may have.
In addition, each joint has associated with it the

.following:

1l initial point coordinate vector

3 x n array of angles

6 angle constraints

3 x 3 natural linkage rotation matrix

4 x 4 update transformation matrix

3 table pointers

4 x n display point array
where n is the number of points in time for which sets of
display points have been computed. These will be explained

1

in the sections that follow.

II.2-1 Angle Determination

Each moving joint has associated with it an array of
angle values, representing the different positions of the
limb.or vector at different points in time. These angle
values are relative to the local coordinate system. Each
angle is divided into three components representing the
angular displacements about the three axes. Each of these
three components may be thought of as an array corresponding

to one of the user-drawn input curves.

The curve-drawing rectangles arz labeled "X," "Y," and
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"Z" for the axes about which the angular displacements are
measured. The vertical arrows seen on the display indicate
that the positive direction of the independent variakle,
time, is from the bottom to the top of the rectangle. This
orientation was chosen to correspond to that of Labanotation,
which is also read frcm the bottom upwards. Within each
rectangle is a vertical dashed line, indicating the reference
angle of zero degrees of rotation about that axis. The left
and right sides of the rectangle, labeled minimum and maximun,
represent angles of 100% of the constraint angles.

A constraint angle is set by human limitations and is
the limiting angular displacement of a limb about an axis.

In this program each arigular component has negative and
positive constraints. The left (user's left) side of the
displayed rectangle represents the constraint when the limb
is rotéted in a negative direction about that axis; the right
side, positive. Some joints, such as the knee, will have at
least one constraint o€ zero degrees.

Thus it is the curve's amplitude, or horizontal distance
of the curve from the dashed line, that determines the angular
component at each time point. This component represants
the total angular.displacement about one axis at one time
point and is made to be directly proportional to the input
curve amplitude.

The angular component is computed from this formula:

0 = (a/d)X
where @ is the angular component, a is the amplitude of the
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input curve (in display scope units), 4 is the distance
between the dotted line and box edge (in scope units), and

K is the constraint angle- (in radians) in either positive or
negative rotation, depencding on which side of the dashed line
the curve point is.

The anglc constraints are coﬁstants entered in just one
place in the program, in the data section, and are easily
altered.

The dashed line is located to reflect accurately the
ratio between the absolute values of negative and positive
constraints. If constraints are changed, the dashed line is
automatically repositioned.

It is seen that this method of éngle determination
obviates the need .for checking angles computed against
limiting constraints. It is unnecessary to guard against
computing unrealistic positions, because it is impossible
to exceed the constraints. Constraints will bLe discussed

further in section III.

II.2-2 Vector Determination

Homogeneous coordinate representation is used to repre-
sent point coordinate vectors and transformation matrices
[7) [8). Homogeneous representation is simply the repre-
sentation of an n-dimensional object in n+l coordinates. For
example, a point coordinate in three-dimensional space is
represented by four coordinates, the fourth one being the
homogeneous coordinate.

16



The reason for using homogeneous coordinates is that
all rotations and translations of a particular vector can
be represegted in a single matrix.

Each limb is represented initially as a row vector in
local coordinates, and is oriented correctly by multiplying
it by its updated transformation matrix, which contains
all the rotations and translations through which it has
passed, including that of previous systems to which it is

related.

The transformation matrix can be viewed as consisting of

components:
3x3 0]
Rotation 0
[Matrix
0
X b4 Z 1
- o

The upper left 3x3 matrix represents the rotation, while the
first three values in the bottom row represent the trans-
lation in the X, Y, and Z directions, respectively. (The
last column represents perspective transformations but is not
used as such in this work [10].)

The rotation matrices used wvere

about the X axis: ) 0 0

about the Y axis: C 0 -8
0 1 0
LS 0 C |

17



about tlie 2 axis: C S 0

where C = cos O, S = sin ©. © = angular displacement about
one axis.
An example of a unit vector on the X axis being rotated

about the Y axis follows.

(2 o o0 1 |c s o o =[c s 0 1]

Translating this resultant vector a units along the X axis,

b along the Y and d along Z would be performed as follows.

[C s 0 1] 1

> ]
o

0 = [C+a,S+b,d,1]
0 1 0 0
0 0 1 0

| a D d lj

Both operations could be performed by one multiplication,
where the transformation matrix, M, is the product of R, the
4x4 rotation matrix (in homogeneous representation), and T,

the translation matrix:
M:=RxT

18



For the above example,

and

[i o o0 1fc s o0 o0]-= [C+ta,S+b,d,1]

as before.

Note that this represents the rotation first followed by
the translation. The reverse order would give a different
result.

The rotation matrix is the product of the natural linkage
rotation matrix, the three rotational components of the local
system, and the rotation matrix of the previous or "father"
system to which the local system is linked. For example, if
the local system is that one with its origin a% tne knee, the
rotaticn matrix of the hip joint must be included in the
product that forms the knee updated rotation matrix. In turn,
the rotation matrix of the hip joint includes rotations of the

spine relative to the stage, and of the stage relative to

the viewpoint.

19
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The natural linkage rotation matrix describes the
orientation of the local coordinate system initially (at
rest) to the cystem just preceding it. These are all
identity matrices in this program, but they are included for
generality.

The translational portion of the transformation matrix
represents the origin of the local coordinate system.

Once the transformation matrix is set up, the position
0L the vector it represents is determined by the following

multiplication,
U, =V x [M]
k-~ Yo X

where Vo is the initial point coordinate row vector, M is a
4x4 transformation matrix, and §k is the translated and

rotated point coordinate vector. §O is represented in local

coordinates; for example,

VO = [100, 0’ -5’ l]

would represent a point that was translated 100 scope units

from the origin along the X axis, zero along the Y axis, and
minus five along the Z axis of its associated local coordinate
system. The homogeneous coordinate in its most general case
is a scale factor by which the entire vector is divided, but

in this work it will always have a value of one.

I1.2-3 Perspective Transformation

The points obtained by the process just described have

20




S —_

ey

s a3

=

A Ay e

R e

o By~

-
2
4

coordinates based on a system with its origin at the eye or
viewpoint.,. These are converted to display points for a

perspective picture- [11] with the following formulas:
Xg. = (X5.25) /25 =Xy

Y\d.;;=;. (Yj_ ZS?/Zj_ _"Yé__

where:(xdf,Ya} is‘thgcdisp}ayed point in screen coordinates,

(XiJ,YjJ,Zﬁ),is;the_object.ppint in eye coordinates, and

(xsy,YéJ,Z%} is: the screen origin in eye coordinates (See
Fig.. IL.2.,3-1)..

Tha;values_of_zsfand'zj (the distances from viewpoint
ta) screen. and object) may;be:varied while using the program,
as: will be. explained in-the- next secticn. The user may thus
thain.ﬁhe:gerspectiye from the distance desired, and experi-
ment: witn subjective effects obtained by varying the viewing

distance.,

I1.2-4; Camera. Positioning

The ultimate origin of- all points in all coordinate
systems is the viewpoint. The viewpoint, therefore, cannot
befalterédh The stage,, however, may be repositioned relative
to the viewpeint, which creates the illusion of moving the
gamera Qr Viewpoing{

There are ﬁqqg~9a§ameterq which may be c¢hanged to vary
the positions of the stage and of the display chpe relative
to the wviewpoint. These must he typed in on the Teletype
while page four is bqing disglayed. Precise instructions for

doing this are to be found in the user's manual.

21
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The first of these parameters is the distance from eye
to stage. It is represented in feet, and is initially set
to twenty feet.

The distance from eye to display tube may likewise be
altered by typing in a new value. This value is initially
set at 1.4 x width of display tube.

The stage may be rotated about the X or Y axes of the
eye's coordinate system. These rotation angles are in
radians and are initially set to zero. Suggested limits
within which to contain the rotation angles are included in
the user's manual. Since they are represented in the same
form as limb rotatioﬁ angles, they are actually angle arrays.
The data structure thus allows for panorama viewing, though

this program implements only a static viewpoint.

I1.3 Data Structure

Each of the origins 6f the various coordinate systems
is associated with a node. The nodes are related to each
other in a tree structure (Fig. II.3-1) and are triply
linked by father-brother-son pointers as shown in Table
IT.3-1. .Each node efcept the first points to a father node,
to one "younger" brother and to a first son. The pointer
value of zero in the father colwnn indicates that that node
is the origin of the tree. Pointer values of " - " in
brother and son columns indicate that that relationship is

unfilled, and they are cctually represented in the program

by values of zero.
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TREE STRUCTURE WITH NODE NUMBERS

lh{;:;;*li
10

=
1l (stage) - 2
3
5
4
k3
| 0 (viewpoint)
Fig- II-3_1
TABLE OF TREE RELATIONSHIPS
Node Pecinter Values
Father Brother Son
1 0 -
2 1 -
3 2 5
4 3 - --
5. 2 7 6
6 5 - -
7 2 - 8
8 7 9 -
9 7 10 -
10 7 - 11
11 10 12 -
12 10 - -

Table I1I.3-1
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FIGURE II.3-2

ALGORITHM FOR DETERMINING COORDINATES OF DISPLAY POINTS
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The algorithms for determining the display points and
for displaying them are both driven by this table. The
point-determinatior algorithm is shown in Figure II.3-2,
and the display algorithm is similar. A more complex display
could be handled by these key routines by entering the appro-
priate table and initial data in the data section of the

program.

II.4 Curve-Processing

When a curve is drawn on the tablet with the stylus,
the information is stored as an array of three-dimensional
(X, Y, Z) points. The value of the % cqordinate is infor-
mation about the continuity (beginning and ending) of the
curve and is discarded after use. fhé X and Y coordinates
are the usual horizontal and Qertical coordinates (in scope
units).

Once a point is recognized, a succeeding point is not
recognized until the stylus has moved outside of a 4 x 4
square area centered at the preceding point.

It will be seen, then, that the number of points
recognizéd on one of the user-drawn curves will vary from
curve to curve. A straight line will consist of fewer
points than a curve with many inflections. The problem
thus arises of reiating the curve points to each other.

It is desired that all curves contain the same numkter
of points and, further, that points with like vertical coordi-
nates will correspond to each other. This is accomplished

26
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by thinning the points to a constant.number of points which
are evenly spaced along the vertical axis. Points are then
filled in between these thinned points.in the fcllowing.
manner: A parabolic approximation to the first four points
is obtained by the least-squares me;bgd‘[;;}!’[13lf' Five

points are then interpclated in the.middle interval, and
\

the procedure is repeated_ﬁo:‘allispcceeding_intervals; save

—- e OO T

the last. Interpolation is linear in.the end intervals.
The number of points to which tb?;CUFVe_iS;tbinﬂéd:is

set to twenty-five in the prog;am,,hp;:cgangvcpque¢,b§“

typing in different values on the Teletype. (Ip§§§u9ti9§$

for so doing are in the user's manual). Changing. this 1

movement is displayed. This parameter.is, then, in effect
1 ! Sok i B4 05 . Ny

a scaling factor which varies the speed: of- the motion. ?

e ——— R — N Y 3 e A IR WD S R R Y

e wen

e

AR ALY IR I B




e R, o Al S

III. AUGMENTING THE PROTOTYPE

The prototype program is intended as a suggested approach

to the solution of the problem of manipulating the figures in

a choreography program. There are many factors to be con-
sidered in further ‘development of this idea. Some of these

factors will be discussed in this section.

III.1 Improving the Existing Model

There are a number of significant improvements that

could be made within the context of the existing l2-node data

structure and the stick figure representation of the model
(See Figure II.3-1).

Full articulation of the existing model is desirable,
and the.existing structure is such that achieving this is
primarily a clerical effort on the part of the programmer.
Two things must be added to the program for each additional
joint articulated: angle constraints and a new display
(curve-drawing page), analogous in every way to the second
display (page two). The angle constraints are entered in
the Block Data section of the program. All necessary arrays
are already in existence and correctly dimensioned for full
articulation.

Implicit in full articulation is the movement of the
dancer relative to the stage. It will be recalled that
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there is a separate stage coordinate system which is between
the eye (viewpoint) coordinate system and the initial or
base-of-spine coordinate system of the dancer. Therefore,
movement of the dancer across the stace is possible within
the data structure, though it is not implemented in the
prototype.

Such movement would be internally represernted in trans-
formation matrices, as are all other movements. In addition,
a special array of vectors would be needed to represent the
initial point coordinate vector, since this is not of constant
magnitude. The problem arises of entering the latter type
of information in the program. How does the user indicate
the desired movement of the whole danéer relative to tha
stage?

Copeland [14] has written a graphics program which
traces the path of the stylus on a tablet area representing
the stage in plan view; one or more small triangles, repre-
senting dancers, then traverse this path. Such a program
could be used to put in information about the X and 2
transla£ion (upstage/downstage, right/left), and the Y
translation (vertical movement) could ke found in a similar
manner. A hand-dra&n curve on the tablet could be interpreted
as a simple linear relaticnship between time and the distance
of the base of the spine from the floor. Obviously, rather
severe constraints would have to be built in here. Perhaps
the program could check the feasibility of these values for
Vertical movement by comparing them with the corresponding
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leg positions. Eventually, such factors as momentum,
gravity, "and muscular strength might be included in this
feasibility check.

Storage requirements of an expanded program will need to
be wé?ched. The prototype program requires a little less
than 21,000 words of storage. This includes the expanded
dimensions mentioned before. The Univac 1108 has a core

storage capacity of 65,000 words of which approximately

53,000 are available to the user. Each new display (for

each new joint articulated) adds about 3,700 words to the
storage requirement, abkout half of which is the new page
display for curve-drawing, and half of which is ccde. Thus,
any eight of the existing unarticulated nodes could he articu-
iated without requiring additional storage, but articulation
of all twelve nodes would not be possible without some space-
saving changes.

Some storage economy could be effected by packing the
object point coordinates two or three to a (36-bit) word.
This is possible, because these coordinates are represented
internally as signed integers with known ranges. A limit
would need to be placed on the Z-coordinate, the distance from
viewpoint to figure. (It will be recalled that the user may
vary this distance,) If it were limited to fifty-eight feet,
tﬁe coordinates could be packed three to a word. Packing two
to a word would permit a limit of 3745 feet.

Another improvement that could be made in the existing
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program is to make the input language entirely stylus-and-
tablet oriented. The need for this becomes obvious to a user
attempting to exercise the Teletype-input options, such as by
varying the distanée of the stage. Though the Teletype is
located immediately next to the tablet and the user, it is
disconcerting to alternate between input devices. Programming
this change wou.d not be difficult.

Another change concerns matrix multiplication. When a
rotatinon matrix undergoes a number of computer multiplications,
as it doas in this proc¢ram, the orthogonality properties are
lost because of computer truncation. Mahl [15] has devised
a correction equation which restores orthogonality to the
rotation matrix. It is a rapidly converging, iterative scheme
based on a Taylor's series. As the number of matrix multi-
plications is increased in expanding the model, incorporation

of this scheme into the program might be considered.

III.2 Anthropometric Considerations
A truer representation of the mechanical relationships
of the human body, or in other words, a better stick figure,

should be an early goal of one improving the prototype.

III.2-1 Constraints on Movement of Joints

In the prototype program, crude approximations of the
natural constraints on joint movements are used, the model
being a crude approximation of a human figure.

These limits on joint movements were assumed to be
constant, although in reality most constraints will vary

1
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according to the position of other parts of the body. The
constraints will of course also vary from individual to
individual, and even from day to day within the same individual
{17]. However, the working assumption of constant constraints
is probably no grave drawback even in a highly developed
program if the constraints supplied are quite liberal. The
end product of the program is a person's subjective impression
of a graphical display. Unsatisfactory postures can, hope-
fully, be altered by the user, until they appear to be satis-
factory from a variety of vantage points.

These angular constrainés for joint movement have been
extensively measured for medical purposes and for use in
industrial and prosthetic design. Examples are to be found
in {16], [17)1, [18], and [19]. The last two give average
normal ranges, which an average individual could be expected
to satisfy. A dancer would have less re;trictive constraints.
Reference [16] gives the 2.5 percentile, 50 percentile and
97.5 percentile ranges for men, for women, and for children
of four different ages. This refer;nce alsce has a good
,bibliograéhy of anthropometric studies. Reference [17] also

gives constraint data for different percentiles of the popu-

lation studied.

III.2-2 Natural Linkageé

It will be recalled that the prototype model has a
coordinate system associated with each joint. When the
figure is at rest, the various rotation angles are zero.
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However, this resting position, or position of no rotation,
may orient the local coordinate system at an angle with
respect to the system with which it is linked. The natural
orientation or at-rest rotaticn, which is assumed to be zero
degrees in the prototype, will need to be determined and
entered as data in an improved program. This writer was
unable to find such data in the literature.

When the dancer representation has reached a level of
sophistication such that the above-mentioned data is being
incorporated into the program, it would be appropriate to
experiment with permutations of the order of multiplication
of the three matrices that make up any individual rotation
matrix. This order remains fixed in the prototype as the

rotation about the X axis first, followed by the rotations

> -

about Y and :he Z. However, it might be discovered, for
example, that the movement of the wrist is most naturally
described by rotating first about the 2z axis, followed by
X and then Y. (There are six possible permutations of
the three rotations.) Note that, matrix multiplication
not being commutative, the product or result will vary,

depending on the order in which the rotations take place.

III.2-3 Body Dimensions

Data for such things as limb lenygth, shoulder width,
etc., may also be found in anthropometric literatﬁre [16],
[17). (Limb length is not truly fixed as an arm or leg
moves, but again, it may be assumed constant, probably
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without much lose of verisimilitude, particularly in the
context of currently available display resolution,)

Using these kinds of measurements, a mathematical
representation of an improved stick figure could be created.
Or, going one step further, a "fleshed-out" figure could be
represented, still using only straight lines.

It is possible within the'general framework of the
program to create a wire-frame or a polyhedral representation
of the dancer. Either is envisioned as a set of rigid, non-
intersecting three-dimensional structures. The single vectors
of the prototype, each of which is associated with a different
coordinate system, would each in the exp:nded version be a set
of vectors, all fixed in one coordinate system. As soon as
the algorithm for deFermining point coordinates has. found the
primary point coordinate vector, all the other point coordinate
vectors fixed in that same coordinate system shouid be
determined. (See Figure II.3-2,) The display algorithm would
likewise have to be altered by including for each coordinate
system a table of the mapping of the points associated with
that system, which mapping is, in the current program, a 3
single vector. A wire-frame or a polyhedral figure could be
described, depending on the mapping used. Included in this
mapping could be inter-limb connections to create knees,
elbows, etc. The vectors or surfaces that comprise these
connections are, in effect, flexible coverings of skin.

The curtains and scenery (stage props) description
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could be included within this expanded data structure. The
various elements of stage and scenery display would be
vectors fixed in the stage coordinate system, corresponding

to the set of vectours belonging to a single limb.

III.3 Display Considerations

Along with wire-frame representation of the dancer,
hidden-line removal would be desirable, so that the dancing
figure would be displayed not as a transparent wire-frame
structure but rather as a solid structure. Alternatively,
if the object points were mapped in a polyhedral represen-

tation, hidden surface removal would be appropriate. Either

of these approaches, as well as shaded renderings, is possible

with existing algorithms.

Another feature that could be added to the prototype
program is a provision for windowing. Because of the wrap-
around characteristic of the available display hardware,
the modei will, when moved off the display, reappear on the
opposite side. Thus there is a need to use some existing

hardware or software which will perform windowing or

clipping; that is, tha. will eliminate portions of the picture

outside of the viewing window (11].

II1.4 Library-based Program

Ultimately, the type of program under consideration
would have to be based on a library of stqndard movements
if it is to be a useful program. The user would select the
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desired standard moves, perhaps modify them in some way,
and then join them. The user would also have the option of
creating new moves, of course, perhaps adding them to his
library. Maximum flexibility would have to be allowed by
providing options for timing, splicing, repeating, saving,
altering and interpolation between movements by the
program,

There should be provided a choice of different dancer
; models, perhaps allowing the choreographer to specify .
individual body parameters. Different standard scenery
elements or the option of uniquely specifying them should
likewise be availabl;.

The standard library movements could be created in a
number of ways, and it remains for future workers to determine
the best approach. Possibilities include the curve-drawing
approach of this paper, the anthropometric harness [6], and

the joystick. The track ball is another input device which

ot g, W

might be considered, although the author found it unsatis-
factory in a preliminary trial. Perhaps analysis of multiple
photographs of live, moving dancers will provide the best
approach to compiling a library of movements.

: The method or methods of joining the standard movements
might be different from the methods used in creating them.
The possibilities include, in addition to those mentioned in
the previous paragraph, automatic filling-in and joining by
the program and mathematical specifications of the user.

This problem of joining or splicing was not studied per se

36

e L T w nimde. . oiohiatannr” pa i "'V"""M“M Wmmr‘vﬂg'
- [ 22 N - 8 d.“ PRC R W) o e )




P T

e

in. this - work, but the curve-drawing approach provides a tool
for:-accompiishing this..

The® implementation of a.graphics: program that .would be
truly useful to choreographers is a-profound undertaking that
hESSnot,yet~béen.achieved.. However.,, computer applications.
have. been  thus. far limited more by thecimagination:of men:.
thhnnbyythé'computer:hardware;-andithéerealization.of’a;'
usefﬁlfchoreography_brogram of the type:outlined may be

realistically anticipated..
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APPENDIX A

An example of Labanotation is shown. This is taken from
page 143 of refcrencé [1l]. It describes one dancer's
movements for several seconds.

This is reprinted with the permission of the pub-
lishers, Theatre Arts Books, New York, copyright 1954 by

t The Dance Notation Bureau, Inc.

STUDY IN BALLET S1YLE
' (Use of Parts of the Leg)

i Suggested music: The Coda of Act Il
from the "Swan Lake" ballet.
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APPENDIX B

INTERACTIVE GRAPHICS SYSTEM

The graphics system used. for this work. consists of a
cathode ray tube display and several fnte;active,devices
which are interfaced to a Univac 1108 computer with. a small
PDP-8 computer. The graphics system functions under a swap
configuration in the 1108, time-sharing not. being implemented
for the University of Utah"s 1108 at this writing.

The display device is an IDI Graphics Terminal with
vector line, dashed line, dot and.character~generation.caéa-
bilities. The interactive devices that have been used in
this work are a Sylvania Tablet and stylus and a Teletype.
Other equipment in the graphics laboratory includes a
Univac 1004 card processor and an 1108 console monitor.

Software used is described in [20] and. [21]. These
sources describe a general purpose set of Fortran-callable
subroutines for producing graphics. AlsoQ outlined are pro-
cedures for interacting by means of the Teletype and

Sylvania Tablet. Fortran V is available under the 1108

executive, the above software packages being subsets of

Portran V.
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APPERNDIX C

PROGRAM LISTING

R ASG D=syl(CS

£ ASG Gx=§3SA2S

@ XRT CUR
IM D

m] FOR FLEVE®™
LNGICAL DERUG
coMMDN DFBRYG.
NEAUG=.FALSE .
CALL SYSTEM
CALL SHOW
CALL Py
EMD

AN FOR SYSTEw
SURROUTINE SYSTEM
CALL RFLOAD
CALL InNUTH
CALL SETSWP(1,1)
CALL SETSWP(4,400)
CALL SETRUF(4,400)
CALL TaRaBL
CALL TARTOL(H)
RETURN :
END A

AN FOR P|
SURROUTINFE P
INTEGER PAGEL(1800)
TMTEGER X,Y,2Z
HAMEL I ST/ZNL/ZARDRT]
CALL SFTLST
READ(G,HN1)
CALL JUMPSEINTLY,8R0)
IF(FLAGCGTe0e) G TN HO
f‘l.AG:I []
CALL SFTOF(PAGELyINDEX)
CALL PYURN(1+0,0+40,140)
CALL FLFINS
CALL LCHAR
CALL WPITAT(IG] ,ARND,*A DYNAMIC RODY MNADEL ')
CALL WRITAT(376,762,'TAALE OF CONTENTS *)
CALL SCHAR
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CALL “1TAT(AG] 640, 'RIGHT
CALL ¥ RTTAT(6RG AN 12 V)
CALL WPITAYT (ARG ,K50,'3 ')
CALL “RITAT(AS] 440, " MODEL
CALL YPUITAT (ARG ,HAD, 'Y ')
JSAVE = TNDEX

60 10 ©h

40 INPEX = 1SAVE
CALL RSFETIDF(PARETD, ITNDEX)

K0 CALL SEMDF
CALL CHRINT(1 ,4570)

CALL TanIMNT(Ll,%90)

60 CALL IDLEFE
CALL SuAP
GO TN &9

70 CALL T7TY

75 CALL IMTRET

RO CALL SFTNF(PAGE] ,INDEX)
STNP

90 CALL GFTTAR(X,Y,2)

100 CALL GETTAB(I J,K)
JF(KeNEe=1) GO 100 100
IF(YeGTADN) CALL P2
IF(Y,GTe615) CALL P12
IF(YeGTaH20) CALL P4
G0 10 7%

END

gN FOR P’
SURRNUTINE P2
IMTEGEL X ,Y,2,PAGF2(10A00)

HIP ANGLES )

@ ¥0 ABORT

R WIPE ODUT PIC
W WHEN ABORT TYPED

NAMELTST/N2/ARNORT? yTHRI2 412,182

CALL SETLST

READ(SHM2)

CALL JUMPS(IN2Y A0 ,%55)
IF(FLARSATO) &GN TO 4O
FLAGR

CALL SFTDFIPAGL2,12)
CALL CNMAND

CALL BOXES

CALL ZLTHE(2¢1)

CALL STICK

CALL PTURMN(2en ,|+D,)e¢0)
CALL SCHAR

CALL FLEINS

CALL VEITAT(674,640,'RT NIP

CALL PNS(768,818)
CALL VEC(713,72%)
1S?=12
GO 10 &0
C ENTER HERE AFTER FIRGT CALL
40 12=152
CALL RSETLF{PAGF2,4,12)
60 CALL SFHDE
CALL CHRINT(],<70)
§6 CALL TARINT(],%90)
40 CALL INDLE
CALL &' AP
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GNP TN O
70 CALL TTYY
75 CALL [4TRET
RO CALL SFTINFIPANKEZ2,12)
CALL S¥MNDF
sTopP
90 CALL GFETTAR(K,Y,Z)
100 CALL GETTAR({! 40,K)
IFT (KM o= ) G TO 100
IF(YeLTe923R%) G0 TN 1O
IF{XsLTaR12) CALL PI
CALL P13
JI0 IFt(YelLTH875)
12=]S52
CALL GFTCRVIPAGE2,12,4,2+0)
1SHO% = 12
CALL CHRINT(],s70)
CALL TABINT(] ,990)
CALL JMTRETY
130 IF(YsLT4780)
¢ ERASE
G0 TN 40
J40 IF(YeLTe728) AN 10 5N
C SHOW CURVES
[2=]Supw
CALL RSETDF(PAGF2412)
CALL SFHDF
CALL INTRETY
IS0 JF(YslLTo6680)
€ RE=USFE CURVFES
CALL GFTPTS
CALL IHNTRET
160 1F (YWl TaH6N)
¢ VABLE OF CNMTFNTS
CALL Py
PFTURHN
END

6N TN 130

60 TO 140

an TN AN

6N TO 75

BN FOR P23
SURROUTIHNE P3
INTEGER X,Y,2,PAGEI(18N0D)
COMMON/ZUS/U(12,4,4)
HAMELIST/NIZANORTRPLDOTIL13,183,U
CALL SETLST '
READ(S,N3)
CALL JNMMPSIYNYY JsR0,6200)
IF(FLAGSGTe0s) GO TO 4O
FLAG n |
CALL SFTNFIPAREI,L!3)
CALL CnttanND
CALL ®"nYFS
CALL ZLINE(3+1)
CALL STICK
CALL PTUPNI3*A 1 +0,1en)
CALL SCHAR
CALL FLFINS
CALL *CJTAT(S7A,64N,'RT VYNFE V)
CALLL BNS(7AB,R1R)
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CALL VFCI(743,773)
CALL VFCLTIR5,724)
ISy = 11
Gn TN 4o
C ENTER WERE AFTER FIRST CALL
40 I3 = 183
CALL PSETNDF(PAGE23,13)
60 CALL SFHDF
5% CAL. CHURINTU() 4577)
CALL TrRINT(Ll 4570}
60 CALL InLE '
CALL S:aAP
6N TN 4N
70 CALL TTY
75 CALL 1P TRET
RO CALL SFTDFIPANGFILIR)
CALL SrNNDOF
STNP
90 CALL GITTAR(X,Y,2)

100 CALL AFTTAR(T ,,J,4K}
IF(KFo=3) GN TO 100
IFIYLTeR3%) G TN 130
1F(Xel TeH12) CALL P2
CALL Pu

110 IF(Y.l TsR78%) GO TO 130
13=158%

CALL GFTCRV(PAGEd,13,3+0)
19HOW = 13
CALL CHRINT(]),€70)
CALL TARINT(],590)
CALL. IMTRET
130 IF(YelTa780) GN TO 141
¢ ERASE
G0 YO un
JHO JF(YsLTe72R8) A0 TN |50
¢ SHOW CURVES
JA=SHEW
CALL RSETDF(PAGE3,!3)
CALL SEMNDF
CALL IHTRETY
IS0 JIF(Y.LYs4RN) G0 TN 1AN
¢ RE~USE CURYFS
CALL GFTPTS 0
CALL IMTPEY
160 1F(Y.LTe560) 6D TN 75
C TABLE NF CNANTENTS
CALL. P

200 CALL PILOYDF
GD T %

END’

AN FOR’ P4

' SURROUTIME P4
INTEGEW X,Y,7 ,PAGF4(1R00)
REAL LEFT.
CAMMON/CPY/PAGEY 154,14
COMMOM/PS/P12,4,145),.0J
COMMON/MISC/NN  EYESTGFYETUR
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CNMMOIZANGLE/ZtNGIYI2 43,1V 05)

HAMELIST/NYZAPDRTH g THRUY (14 4 [SHHN P EYFESTGEYETURGLEFT )

CALL SFTLST

READ (5 4MY)

CALL - JUNPSINUY

1F (FLAG-GT.O.)

FLAG = 1o

CALL StTOFIPARFY,14)

CALL PTHNRHNI4+N 1 ¢0,04+0)

CALL LCYAR

CALLL FLFEINS

CALL wrRITAT(GS ,A94,'SHNW MNOVE )

CALL VPITAT(SG ,R490 (*RATATF X ')

CALL MRUTAT(SS,R00,'RNTATFE Y ')

CALL #PITAT(S5,762,'ST0P )

CALL WRITAT(SG ,592,'TARLE OF CONTENTS

CALL WHITATISEL 704 ,VRE=USF )

]Su=1u

GO TO

14=154

CALL RSETDF(PARFY,14)

CALL SEHDF

CALL CHRINT(L,570)

CALL TABINT(] q590)

CALL INLE

CALL ScAP

G0 1N &N

CALLL TTY

CAaLL IrTREY

CALL SFTDFI(PAGEY,14)

CALL SFMODF

sTop

caLL

CALL

IF(KoeNFo=])

JF{Yel Te935)

CALL P2

IF(Yel.TeN75)

CALL ACTINN

CALL IMTRETY

120 IF(YelLTeA20) GO TD 1230

ROTATE X s

UP=VALUE TYPFED IMN (1N RADIANS)
DO 125 =] ,Jd

125 ANG(],1,J)mUP
CALL IMTRETY

130 17 (Yel.Te780)

ROTATF Y

LEFT=VALUE TYPED

) 00 115 J=l,4JJ

135 ANG(:,2,J)=LEFT
CALL INMTRETY

140 1F(YelLTe22R)

sTop

GN 10 «n

IF(YelTobgN)

CALL GETPTS

CALL IMTRETY

Spu,
CIANN B ¢

465)
60

t,()
40

s0

70
75
80

90
100

GETTAR(X Y ,7)

GFTTAB(T,U,K)

6N TO
60 TO0

100
1in

110 6Gn 10 120

6N TN 140

tIN RADIAMS)

0 T0 160

150 A0 TN 160
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CALL Py
RETURN
END

AN FOR BDATA
ALOCK 1ATA
REAL MraMX
INTEGER P
COMMON,KIDS/ZKID(12,21
COMMAOL/CONSZMN(12,43) 411X 012,31
COMMNMZPS/P 12 ,4,145),.1)
COMMDL2ILS/ZULEY2,3,3)
COMMON/MLISC/HNE JEYESTG,FYETUR
COMMONZUS/ZN(12,44H)
C INITIAL POIMT CUOSDINATE VFCTIORS (LNCAL. CNORDIMATES)
BATA(IP (0 Kyl KZ21,34) 0=l y4)/=812,=512,=5124]1 766,70040,1, i
X Oy=100n,0,1, Ny=1N0 Ny1/
X ‘(P(Jgrlll'Kg‘|q).J=Q'1?l/O."1nO|O.l. 0.'100.0|l| 0'1“0.0.
X =110,=26,0,1, 110,25,0,1, 04504041, =42,60,041, 42+460,0,1.
€ ANGLFE CNONSTRALINTS
X ((MNQ ¥ ) g MX LS K1 gK=1,31yJded,4)/ «2eNO4Y0, ¢26180, =1¢309,
X o261PFN,=2e¢b618N, 52360,y 02y 20244, =,26180, +26180 ’
X =¢0d, N3/
C NATURAL LINKAGE RNOTATION MATRICES
DATA(((“'_(J.K.L)ll,:‘.:‘).K=l.3)|J=1|3l/l0.”0'0'|0'.l.|00l09|00
X 1e900400,y0eyleyOesDegNoylegloerNDeygDeyg0oplesO0esOesQoeygle’/
DATACCUL (UK gy K )oKl g3 gzl 3121/ eyl oglay Josloegplaey loglagla,
Xyl lesleapgtey tegloegloey legloegley loglogtoy lagloegle/
¢ TREE STRUCTHURE 0OF MDDFL
DATA((KH"(J.".).K=I.3I.-J=l.lZl/ﬂ.O.?.l.0.3.2.5.4.3.0.0.2.7.6.5 |
X 74058,37,9,0,37,10,047,0411,10,12,0,10,0,0/ g
MISCos CONSTANTS HN=H PTS THINMNED Tn, NIt JLE. 25,
C EYESTYG AND EYETUR=z AHSe DISTANMCE TN STAGE AND DISPLAY TUBE
DATA M EYFSTHEYETUB/26,206y1e4/UC] ,,4,4)/14/
END 1

0 1

n

@N FOR GEICPYV

SURROUTIMNE GETCRVIDF, I"NEX,1P)
€ THIS READS 3 CURVES [N ANY ORDER AMD STORES X'S IMN SAVEX(JOINMY,BO:
C AFTER HITTING DRAYaCURVES LIGHT BUTTON,
¢ ONF NP MORXF CURVES MAY RE FEDRAYN,
C AFTER RE=DRAAING,MIT KEEP=CURVES LIGHT BUTTON,

LOGICALL DERUG

TNTEGER DF(LIARNO) yINDEX XY 473 TFMP

COMMON DFBNG =

COMMON/CSX/SAVEX(3,1801,SAVFY(3,1A01,16(31

NAMELIST/NC/ARNRT

CALL SETLST

READ(H,NC)

CALL JUMPS('NCHY 51001

CALL CHRINT (]| ,890)

IF(IP+ENCIPSAVE) GO TD 2

IPSAVE=1P

DO 1 r=l,3

] I1S(k)=n
2 Kel ? TRY 80X o 1

S CALL TARINT (11,5201
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10 CALLL INLE
CALL SuAP
G0 TO 10
20 CALL GFTTAB(X,Y,7) W GET A POINT
IF(Yel TaR28) 00 THY 21
IFI(YeiToATH) e NRA (Y eGTaB12Y) GN TO 21
¢ LIGHY RBUTT: .t FOR v+ EP CURVFES
CALL GETANG(IVS4])
C IF EXPANDING PROGVAM, CHA'NGE FOLLUOWING INTEGER.
IF(IPWrNe3) CALL GETPTS
22 CALL GFTYTAB(X,Y,7)
JF{ZeMLe=1) GN TO 22

GO TN &N
2} TEMP=(r~]1)e¢]354
Jen
IFEIX el Tal(6UeTFUP) 4NR4XsOBT(254+TEMPYIGN TO 4O
Gn TD an ® RIGHT BNX
27 CALL GETTAB(X,Y,7) ® GET A POINT

28 1F(7+F"a=1) G TO 30
IF(Yal.TaRO 0Ny YafiToH4b2) GO TN 27 m 0T OF RANGF
TFA(Xal Talb44TEMP) e NKReXKeGTa(266+TEMP)) GO Y0 27
J=Jdeld
SAVEX (v 4J)=X
SAVEY (7 J) =Y
G0 7O 27
¢ DISPLAY DOTTFD LIMF
J0 1S(K)=L
I=INDF «
CALLL RSFTYDF(DF, 1)
D0 35 Y=),3
JrIS(Y)
IF{JesFra0) GO TN 26
DD 34 Xml
A4 CALL LOTHIFIXISAVEX(Y X))o IFIX{SAVEY(Y,X)))
36 CNMTIHUF
CALL SHENOF
CALL t&TRET
40 KneKei B TRY AWNNTHER AQOX
JE(KeENn oty K=
. CALL THTRET m RE<ENTER AT ¢20
¢ ALL THROUGH
80 INDEYX®B] P
IF(DERUG) CALL TYYPOUT('GOTCRYV ')
RETURN
90 CALL T71Y
CALL TLTRET
¢ EMERGENCY FXIT
100 STOP
END

RN FOR GFTAMNA

SURROUTINE GETANG(IPAGE)
C FROM ARRAY XN,YN THIS CUMPUTES THREE ANGLF ARRAYS
€ THIS SUEBRDUTINF USES ANGLE CONGTRAINTS

LOGICAL DERUG

REAL MA o MX ML X

COMMOMN NERUG

COMMOM/PS/P(12,4,14%)4.0J
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COMMNNZYXMG /XN 146) ,YM(3,14A)
COMMONZANGLE/ZANGIT12,3,145)
COMMON/CONS/MM(12,53),1X112,3)
CALL 1MTRP? :
0N 20 ¥=1,3 @ BOX #=AXIS ABOUT WHICH RUTATE
e 20 J=1,Ju W IMDIVIDUAL DATUM
LXmbls(Kalledsy
RPAn25hs(Xm]l)a1G4h
M=LX+(ARS(HN(IPAGE.K))l)QZ)/(AHQ(Mh(IPAGE.K))+MX(IPAGE.K))
1FIXNIK )Y eGE ety GO TN 10
¢ NEGATIVE AJGLE
AMG(IPAGF.K.J!:(M”XN(KgJ))tMN([PAGE.K)/(H'LX)
60 TO 2N
C POSITIVE AMGLE
10 ANG(]PAGE.K.J):((XM(K.J)-N)-MX(lPAGE.K7l/(RX-M)
20 CNNTINMUE
1F(DEBYAR)Y CALL TYPOUT('GOTANG )
RFETURMN
END

\
&
¢

gN FDR GETPTS
C UPDATES MATRICES AND FINDS ARRAY OF DISPLAY VECTORS,P.
C CALLS MATHIL ,VECHAT AND ROT, ®HICH CALLS MAXAM.
¢ DRIVEM BY THr TARLE EMTERED M RLOCK DATA.
SURROUITINE GEYPTS
INTEGER P
LOGICAL DEBUG
coMMON DEBUG
COMMON/PS/PLT2,4,145),JJ r
COMMNDN/ZUS U112 ,4,4)
COMMONMZE INS/ZKIDE12,43)
COMMODN/ZMISC/NY EYFSTG,FYETUR
CALL TYPOUT(Y(13HEYE TN STAGEE F540,6H FTo 14HEYE TO DISPLAY =
X FSe2, 2H ) Y, EYESTGEYFTUR)
FTesEYETUBRS 1000,
P(‘.S.l):nEYEST(S'7OO
¢ TABLE=DRIVFH PODINT DETERMINMATION
DD 30 Je2,JJ @ NUMRER NF 'FRAMES?
HODE =
C STORE ROTATION PART OF MATRIX IN UPDATE MATRIX
18 CALL ROTINNDE, )
MDADmK IN(NUDE 4 1) .
1F(NODF.EQel) GO TO 22 N
¢ UPDATE ROTATION PNRTION OF MATRIX
CALL MATMUL (NNODE ,NDAD)
€ FIX REMAINDFR DOF MATRIX
DO 20 t=1,4
UINDDE ,L 44180,
20 U(MNODE ,HyLYmPIKDAD L .1)
€ GET PDINT |
22 CALL VECHATINNNE, ) :
HERE CCULD RE DETERMINED CANRDINMATES OF ALL STRUCTURES
THAT ARE FIYED IN THIS CONRDINATE SYSTFEMe. :
TEST FNR SNM
IF(KID(NNDPE 43V ,EQ0) 6O TO 24
NNDEeK ID(NODE, ) :
60 TO 1A , | DE N
TEST FOR BROTHER :

T

[a N ala)
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26 1F(KIDINADF ,2).,FReN) GO TN 2A4
HODE=K ININNNE , 0)
G0 10 17
C TFEST FDOK FATHER
28 JFU(KIN(NNDE s 1) .ENeQ) GN TO 30
¢ BACK UuP
NODE=Y ID(INDODF 1)
GO T0 26
30 CONTINUF
€ PERSPECTIVE THANSFORMATINN
Do 32 J=2,JJ
0D 32 P=2,12
DO 3y 1 =1,2
A3l PUIP G Ly Y =FLOATIPUIP L o ) )L T/FLOAT (=P (1P 3,J))¢512.
32 COMTINUE
IF(DERNA)Y CALL TYPOUT('GOTPTS )
PETURN
END

AN FOR MATMUL
SURRDUTINE MATMUL (NA,NA)
C UPDATES RUOTATION PAORTINON NF MATRIX
C MULTIPLIES MATRIX ((NP)Y X 1{HAY AND STARES [N U(NB)
DIMENSINN A(3,3)
COMMONZNS /U 12 ,4,44)
DN 1 =1,23
DO ' KEI.J
1 AJ,yK)IeDo
bn 2 J=1,3
0N 2 K=1,3
DO 2 =142
2 AlJsKI2A(J,K) & UINB,J LI®UINA,L,K)
DG 3 =1,23
DO 3 K=1,2]
J UND,,J,KirA(J,k)
RETURM
END
BN FOR VFCHMATY
SURROUTINE VECHMAT(M,])
€C "ULTIPLIES THNITIAL ROW VECTOR X MATRIX M AMD STORES IN VECTOR P(
INTEGER P
COMNDN US U] 2,4,4) ,
COMMNN/PS/P(12,4,145),JJ
DIMENSINM V(Y4
DO 1 L=1,4
1 V(L)mO.
DO 3 Kal,Hy
Dn 2 Lﬂl.q
2 VIR)eV(K)+FLOAT(PI(M,L 1) )ol(MyL,K)
3 P(MKyI)=IFIXIVIK)440005)
RFTURN
END

BN FOR PNTY

SURRNUTINE ROT(JNDINT )
€ SEYS UP AND MULTIPLIES ROTATINN MATRICES,
C PLACES PRONDUCT IN UPDATE MATRIX, .
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LNGICAL DEBUG
COMMUON DEBUG
DIMENSINH D(3,3)y E(343), F(3,3)
COMMON/ZULS/ULIE12,3,3)
COMMQHN/ZUSZU 12 ,4,4)
COMMON/ZANGLE/ZANG(12,3,145)

C SET UP ROTATION MATRIX FOR NATURAL LINKAGE SYSTEM.
DN 1 L=l,3
pDN 1 K=1,3

I FOLWKI=UL(JOINT, LK)
¢ SET Up X RATATION
2 Dilyl)=ls

Dl y2)x0.
D1 ,3)=No
D(2,1)=0,
D(2,2)=COSTANS{JININT,, 1 4J))
D(2:3)=2SINIANG(JOINT 1 ,J))
DE3yl)=n.
N(3,2)==H(2,3)
D(3,3)aD(2,2)

¢ MULTIPLY -
CALL MAXAMIF D)

¢ SET UP Y RNTATION
E(l,1) = CNSIANG(JURINT ¢2,4J))
E(]l 42)=N.
EC]l 33)==SIN(AMNGLJUNTINT 42,J))
F(2y1)=0,
E(?2,2)=1.
[(?.3,:0..
Fla,l)==T(1,3
Flad,2)=0, -
Fild,,3)y=F(1,1)

c MuLYIPLY
CALL MAYIMID,F)

C SET UP 2 FNTATION
DEY )= COSTANGIUNINT 3,4 J))
D(1,42)m STHIANGLJUNTINT 3, J))
D(1,3)= 0O,
DE2y1)e =F1,2)
D(2y2)=F(1,1})
D(2:3)20,
0(3.!)30.
D(B.?):ﬂ.
0(3.3’8‘0

C MULTIPLY RATATION MATRICES
CALL MAXYAMIE 4N

C STORE IN UFDATE MATRIX
DN 10 tel,)d
PO 10 k=1,3

_ 10 UGJOINT,¥,L) = DiK,L)
{2 RETURNM '

END

mN FOR Maxan
SURRDUTINE M3IX3M(It,A)

¢ MULTIPLIES MATRIX B X A AND STNRES IN A
DIMENSINNM A(3,3),P(3,3),C(3,3)
DO 1 J=t,3
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DN | K=t,23
1 Cty,x)=n,
DO 2 J=1,3
DO 2 K=1,3
o0 2 L=1,23
2 CUUWKI=CUYsK)eR(JyL)eAIL,K)
00 3 J=1,3
0N 3 ¥=1,3
3 AJyKISC LUK
RETURMN
END
BN FDR ACTIN-, L
SURRNUTIHE ACYION
C DISPLAYS MnTIQM
C DRIVEN BY THE TABLE EMTERFED IN BLOCK DATA.
INTEGEY PAGFEY4(1RO0),P
COMMNN/CPY/PAGEY , 154,14
COMMON/PS/P(12,4,145) ,J.
COMMONZYIDS/KIN(12,2)
CALL RSFTOF(PAGEH,14)
D0 3 U=2,J)
1458
NF = 2
CALL FRSIPINF 1 4J) yPINF,2,U))
10 NS=KI1D(NF,3)
IFINSeFN.0) GO TH 18
12 CALL VECIPINS gl 3y J)yPINS,2,4U))
NFrNS
GO TD 0
16 NSuKID(NF,2)
IFINS.FRW0) GO TO 20
NFeKID (NS, 1)
CALL POSIPINF 1 4d) yPINF,2,J0Y)
G0 TN 1?2
20 IF(KID(MP ,1)aFRae0) GO 7O 26
NFeK D (NF, 1)
GO YO 18§
25 COMTINIE
CALL VECIPULIL,130)4PU11,2,44U))
3 CALL StuDF
RETURN
EMD : ’

RN FDR BOXES
SURRNUTINE RBOXFS
CALL FLEINS
nn 7 ],
JElK=] |® 35}
CALL PFOSTANeJ,R0) @ BOXES
CALL VFE(2hae),R0)
CALL WECI25he.J 482
EALL VriCleafed,qad
CALL MFClaNed mp)
CALL POSIESed,; | T%) @ ARRQOWS
CALL WRFISRed, ¥30)
CHALL VECIuTsd31R)
CALL PRSig%ad, 3310
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CALL VFEC(AI+J,3)R)

CALL ScHaR

CALL P"RITAT(ANSEIHO*MIN ) W LEGFND
2 CALL WBRITAT(232+40,A0,"HAX %)

CALL LCHAR

CALL ¥ ITAT(172,470,%X *)

CALL WRITAT(S23,4720,'Y )

CALL WPITATLIARN ,470,%7 %)

RETURM

END

BN FOR STICK
SURROUTINE STICK
¢ FIGURE ‘
CALL FLEINS
CALL PNS(76A,901)
CALL Vre(rng,930)
CALL VEC(748,930)
CALL VFECL768,901)
CALL DOT(761,923)
CALL DNT(776,923)
CALL PNSI765,914)
CALL VFC(771,914)
CALL PrS(768,901)
CALL VIC(768,704)

¢ AXES
CALL POS(R2R&7H) AN §
CALL VFCL7AB,4874)
CALL VrC(l768,4A36) (AN
CALL PIS(7AR4576)
CALL VIFCL750,848) n 7

CALL SCHAR
CALL VRITAT(RAIA,S72,'X ')
CALL VRPITAT (744,648 ,0'Y V)
CALL WRITATI73A,519,'7 %)
RETURM
EMp

AN FOR ZLINE

C EMYERS DASHFD LINE OF DISPLAY RNOXES IN DISPLAY FILE,
SURROUTIME ZLINE(Y)
CALL WRITAT(3IR] 580, RIGHT KNEF ANGLES ')
REAL PM-rg™X ’
COMMOM/CONS/ZMN(12,43),"10L12,4Y)
CALL FLFINS
XeABSIMM UK L)) 2(ARSIMNIN 1)) e Xtr 1))
YRADS(H (K 42))7CARSIMNIY (2))+MXIK(2))
TRABS( NIK 43D ) ZLARSIMNIKG3))+MX(K 4A))
JrXal9lehb
CALL PaStEY,a0)
CALL NDASH(J 442
JaYe 10 24AHe164
CALL PrS(J,80)
CALL DaASNH(d,442)
Je2619% +4442e154
CALL PDS(J420)
CALL DASH(J,462)
RETURM
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END

AN FDR CNMAND
SURRQUTINE CO4AND

C EMTERS COMMAMD QUADKANT IN DISPLAY FILE
CALL LcHaR
CALL FLEINS
EALL dEITATISS ARa,,"NHAN CURVES *)
CALL "ol TATISS HiP v EFEFP CUPVER #§
CALL FrPITATISS AON " ENASE ¥
CALL FELTATILG FOR3, bERN §j
CALL woJTAT &GS TN R =IISL #j
CALL FENTATIES yBW2 " TARLF nF COMTFNTS #]
FETUHY
[ b

AN FOR PTURM
SURROUTINE PTURN(NUMP JLEFTA,RIGHTA)

C ENTERS PAGF MUMBEF AND TURN [N DISPLAY FILE
INTEGEF® RJGHTA
IF(LEFTAWER.O) GO TO 2
CALL FLEINS
CALL PNS(Y4RA,944) @ LEFT ARROWX
CALL VFC(472,946)
CALL VFC(4772,7270)
CALL PNRS(472,%6)
CALL VEC(H477,962)

2 IF(RIGHTALEQ.D) 6N TO 13
CALL FLFINS 0
CALL PUS(536.?66) @ RIGHT ARROQW
CALL VFCI(552,946)
CALL VFC(RUY7,9462)
CALL PNS(B82,%44)
CALL VFCI(&847,970)
3 CALL SCHAR

CALL FLFINS
CALL WRITAT(H49A,961,"TURN )
CALL LCHAR
CALL WﬂlTAT(496,VRZ.'(7HP-.l?.lH )P o NLINMP )
RETURMN
EMND

®N FOR EVEN
SURROUYINE EVEN
FINDS ARRAY X, ERUIPNISTANT Y SCNPF yvog
IMCOMING AWRAY SAVEX,SAVEY, FACH IS LONG
QUTGLING AnPAY  X,Y, EACH "N LOMG
SAVEY 1S SCALFD T2 RAMGE AFT4. | =NN,
THEN THINNED TN VALUFES CNRRESPNDNDING TN SCALED
VALUES CLOSEST TOD THESE [UTEGFRS,
LOGICAL PFRUS
COMMON DFRAUG
CO"MnM/CSxISAVEl(J.Inn).SAVEY(3.IBO).IS(3)
COMMON/YS/X(3,25)4Y(3,25)
COMMOM/MISC/NMN EYESTG,FYETUR
on 20 NANX=] L)
Y{MBOY ,1)=SAVEY( NBOX,1)
X{NBOX ,1)=SAVE X ( NROX,41)

ONOANNOH N
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KKr]
INRIS(HADX)
DO 10 v=2,1N
YHORM2ISAVEY(  MHOX,K)=804)eyN,q a
IFLYHORMALTWFINATIKK)Y GO Tn |g~na. 7 RONS FROM 1-Nty woy INTE!
KFEeRKK+1
YINBOX ,KN)= SAVEY( hanxg, i)
X{HROX ,¥K)=SAVEXL NROY , k)
10 CONTINUE
20 CNNTINUE
IF(DEBUG) CALL TYPOUTIYEVENED 1)
PETURN
EMD

AN FOR IMTRP)
SURARNUTINE INTRP2

C POINTS EVENLY THINMNED, THEM
AR fan - FEH e ' EM FILLED IN AGaIN,
coMMON DERUG
chHQN/XMS/XNl3.lqb),YH(3,146|
COMMON/XS/X(3,25),Y(3,25)
COMMNON/GAUS/B(3,4) yNB,A(0)
COMMON/LSYT/N,HROX
COMMON/PS/PI12,4,145),.04
,anMoN/vlsC/HN,EYESTG,EYETUB
JIFIDERUGY CALL TYPOUT('AFGIN INT2 v
CALL EVFM ;

C FIT EACH 4 PTS TD LST SOUARE PARARNLA anp 5

C INTERPOLATF & PTS HETWFEN 2 AND Ao

C FIRST AND LAST INTFRVALS APE TREATED RY L nEAR
Na o ’
NMH B ANa]
NHM2eNANa)

€ JJ COMPUTEN

PN .

INTERPOLATION,
® N0« PTS USED Tn FiT PARAGLYL A

JUn(MNe] )ebed 3
Q ens Juaro R

DN 20 y=1,13 b o FRAMES esea

NOn ] [

D0 20 1U=) 4 NHM NIM2 R MA L

1JdPal Jed TCH NDOES

00 20 xk=lJylur
IKm{Kny)oape|
YN'J.IK'”Y(J.K)

20 XN{Jyledizx(J,K) 0
DD 30 v=n) ,NNM,MNM2

00 30 L=2,6 @ FJ
. L.
Lot oa L IN & pTs

YI m= Y(J,yK)
IFUABS(Y2«Y1)eGTe(2:E=13)1 an tn 28
IFIDEANG) CALL TYPNUT('Y?ay)=q ")
Y2eY242.0L=13

28 llr(Ke))ag oL
YN(Jy I aYle(Lalado(Y2=Y]) /4,

30 YNCI TEImUYNCD T D) =YD e tX(d,Ke) ).
DO 40 nPNX=z) 3
DO 40 ved,MNM
CALL LSTSQ(K)
Ile(Ka)leg o]
YH(NBOX, 1 1))=Y (NROY K )

X(J.V))/(YZ-YI)¢X(J|KI

TSI s C T SRR - TR aeem YN e



XNINROX 11V =XYINADX (K)
0N 40 =) ,5
Lrell=bell

YNCNROY Z L) =Y (R0 X Ko | )+ s ( Y(HBOX 4KV =Y (NRDX yKm) ) ) /4

TEMP=YNINBNOX ,L)

WO XN(NRNY 3L )TA(1)+A(2)eTFMP+A(3)aTEMPaTEMP
LalNNHe4 +1]

90 RETURMN
END

AN FOR LSTSG
SUBROUTINE LSTSG(K)
C SCHAUM STATISTICS,SPIEGEL,Pe221
C GET CNNSTANTS FOR  X=Al + A2eY & AleYee?
C N n NUMAER NKF POINTS USED IN FITTING APOVFE PARABOLA
C X IS DEPENNEMT VARTABLE. K IS 3RD PT. NF PARABOLA,
LOGICAL RERUG
COMMON DFRUG
COMHAON 'LST/N,MaQ )
CDMMON/GAUQIB(S.H).NB.A(“)
COMHMOMN ‘XS/X(3,25),Y(3,25)
C FIND COEFFITIFHNTS NE MARPMAL ERAUATINNS
DO 10 =1 ,1] .
D0 10 1.=1,4
10 BlJyL) = 0o
Blly])eN
on 20 =] N
XPRX(MANX (Ko Ju3)
YP n Y(NMRQOX ,KeJed)
Bt y2)nR(),2)eyYP
Bl ,4)aR(]44)+xP
BI2,9)=R(244)+YFeXP
YPa¥YPeyP
Bl1,3)=R(]1,2)4YP
B3, 4)naR(3,4)+YPa)XP
YPRYPav {NBOX ,reJ=21)
BE2,2)=R(D43)eYP
YPRYPaY (MRAOX y¥ o Jd=3)
20 Bl V)R (393)evP
RB(2:2)eR(].])
B(3,y1)=eNtl )
BlIy2)=0(2,3) .
B(2,1)=0(1,2)
C FIND A'S Dy GAUSS FLIMINATING, HACK=SURSTITUTIONS
CALL GAlSS
RETURN
END

BN FOR GAUSS
SUBROUTINE GANISS

(o WEEG AMND LeFrD ’ Pe 10N

€ SOLVES SYSTFM NF EAUATIONS RBY

C GAUSS FELIMIMATION AND BACK=SHRSTITUT NN,
LOGICAL DELRUG
COMMON DrRUG
COMMON/GAUS/A (3 4) N ALY)
NPaNRs+ |
NM B hMitel]
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C REDUCE TN TRPIAMGULAR FNRM
DN 10 Jg=i,HK
NILENES|
NO 10 v=Jr NI
PrRIr, 01 /80044
PO 10 frd, P
10 RV 112l llepanii i,])
C SNLVE SYSTr oY BACHL=SURSTITOTINY
DN 20 v=tiPy] gm] ’
20 At¥)I=D0,
DN 30 veMRl =]
KP=yr+]
DO 25 4=MP kP =)
25 AKIRAMIKYAR{K, J)eAT )
an AlY=stagy NPY+A(KYL /(X %)
RETUPH
END

1 FOR Svbowv
SUPROQUTYTIME SHAW
C THIS DISPLAYS TITLFS USEN IN MAKING THE MOVIE,
INTEGER DFLL1RNN)
NAMELTIST/SH/G]1 4 G2,534641653669G7,GR,G?,G10,G11
CALL SrTLST
READ (R, SH)
CALL -H!"""';('S-H'.9~I.S/.'ﬂ.‘b“.“:5.!&6.57.'58.59.510,*]|)
CALL SFTRFIDF 1
CALL CHPInT(l,¢30)
CALL L ritan
20 CALL IbLf
CALL SHAp
Gn T0 20 .
30 CALL TTV

CALL I'TRET

I ImQ
CALYL VCITAT(392,6RY INDYHAMIC STUDIFS 1y
CALL “PITAT(49p , 64 ,0FNR 1)
CALIL wRTITATI204 ,5R4 ' CNAMPUTER=AIDEN CHNRENGRAPHY 1)
CALIL GWRITATIHOAR 460 VCARPAL SITHRON )
CALI aBTITAT(272,400,"DFPARTHENT |iIF COAMPUTFR SCIENCE 1)
CALL VYRITATIIAN G0, UMIVEPSETY [F UTAH ')
CALL Y“RITATIAND (ANN 'FFAKRUARY L1970 vy
CAL L SrMnf
CALL InTRET

2 I=n i
CAVLLL. VRITAT(4up ,SA4,97HF Fun )
CALL Sl
CALL [nTFET

3 1an
CALL YRITAT(24h 452, THE MOVELFLT 1S Se0YM IN 26 FRAMES. ')
CALL SFEUINF
CAM L 10TPETY

4 fen
CALL YRITAY (IR (KN, ' THF SAME IMOVENEMNT 1S V)
CALYL VPYTAT(3RD 66D ,9S1HNH [N 20 FRAMESe ¢ -

CALL Srmhr
CAlL 1»TWIT
5 Ien
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10
11

CALL SPITAT(AN2 RNOYTHE SAME MDVEMI T 18 ¢
CALL WHRITAT (RN, 462 ¢S50l [N 16 FRAAES, 1)

CALL SFhDF

CALL TNTEET

Imn

CALL, PICITel 40, DF, 1)

CALL InTRCT P

Ir0D

CALL PICtIe4,4204DF, 1)

CALL InTHET

1=0

CALL PICL3e,30,DF,41)

CALL IVTRETY

I=0

CALL W"RITAT(390 ,5R4,9CAMERA ROTATED *)

CALL SFNDF

CALL IMTPET

PFTURHN

| Kala]

CALL ¥HITAY 270, 7A0 0 TH]IG HESFARCH wAS SUPPORTER IN PART
CALL FRITATIZTOLESO."NY THE UNIVIRSITY OF DTAN CONPUTED 4§
CALL BEITATI2TAANA'SEIFNECT DIVISIOM AN THE AnVAMCER *)
CALL @WRIT TIZTN.GRO0."PFSFARCH PROJFCTS AGENCY OF THE +)
CALL "R Te270,500, ' NFPARTHENT OF DEFFNSE AND fAS o)

CALL KIIT TE270, 480 ,¢nNNITANED AY THE BORE AJR DEVELOPHERT »1
CALL FHITATI270,AN0 ,YEXNTER (GAFN  NEY YNRE | 3840, LUNDER * |
CALL ARITATIZ270, 350 ,0CRNTIRACT AFANIAD2 1=4277. 1)

CAY L, "EMIp
Covt. [BTRET
EMD

A1 FOR P1C

SHARQUTIHE PICIE LK DF,1)

€C THIS DISPLAYS DIAGRAN USED IN MAKING MOVIF,

THTEGER | “(180Q0)
CALL DOT . 2G46,550)
CALL PNS(2656,550)
CALL DASH{768,650)
CALL PrS{254,460)
CALL DASH(768,924)
CALLL. PRStaTH,050)
CALL VsClhlYgyny2)
CALL POSL76R,560)
CALL VFC(768,924)
CALL LeHAR

DO ‘ '1310.370.‘2
CALL DNT(2%6+4M,518)

CALL WRITAT(212,479 2 (17HFYE TN DISPLAY = yF4e1,10H SCREEN [1AHE

XRS ),

D0 2 M=10,582¢,12

CALL DDT(286+%,3086)

CALL WPITAT(IIR, IS0, (ISHEYE TO STAGE =  ,14,6H FFET 1K)
CALL SFMDF
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VITA

Mrs. Withrow was born Carol Ann Thiel on November 3,
1930, in Yuma, Ax! ona. In 1952 she was graduated with
distinction freo rizona State University with a B.S. in
biology.

She was employed as a bacteriologist at Dugway Proving
Ground, Dugway, Utah, from 1352 until 1953. After her
marriage to Dean Withrow, she moved to Salt Lake City.

Here sha was employed from 1954 until 1957 as & laboratory
technician in the Deparﬁment of Pharmacology of the University
of Utah College of Medicine. From 1966 until 1969 she was
employed by this same department on a part-time basis as a
programmer. During 1969-1970 she held a research assistantship
in Computer Science.

The Withrows have three children: Linda, Ann and Kent.
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