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An algorithm to generate dynamic
point-light displays

KIT H. SHUM
University ofCalifornia. Irvine, California 92717

The work of Johansson (1950) initiated some interest
ing research on motion perception using dynamic point
light displays (Barclay, Cutting, & Kozlowski, 1978;
Johansson, 1973, 1975, 1976; Proffitt & Cutting, 1979;
Proffitt, Cutting, & Stier, 1979). The idea is to limit
the scope of the essential motion stimulus to a manage
able number of strategically placed point-lights in a
blackout viewing condition. Such displays consist only
of a number of light dots, each moving in a particular
trajectory. But the richness of the information conveyed
through such "degraded" representations can be fully
appreciated only by watching the actual visual displays.

In most of such studies, the motion displays were
obtained by recording the physically moving point
lights directly, either on film or on videotape. For
example, Barclay et a1. (1978) attached light-reflecting
tape on a human body and video-recorded the person
walking; Proffitt and associates mounted disks of reflect
ing tape on a rolling coffee can. On the other hand,
given that the motion is lawful, it should be possible to
simulate these displays using computer graphics. This
has, in fact, been done, for example, for a walking figure
(Cutting, 1978a, 1978b).

The basic problem is to specify the coordinates
of the successive positions of individual points. For
example, in the "rolling wheel" displays, a point-light
mounted on the rim of the "wheel" can be specified by the
following coordinate functions: x = r[w sin(w)] and
y = r[l - cos(w)], where r is the radius of the "wheel,"
and w is the angular displacement. In general, as long
as these coordinate functions are defined, the successive
positions of this point-light can be plotted on a screen
sequentially to simulate the effect.

Shum (1980) has proposed that any cyclical motion
can be approximated by a finite set of orthogonal sinu
soidal components. This suggests a simple way of creat
ing dynamic point-light displays through a recursive
loop that sums up the sinusoids. For example, a circular
motion can be simulated with two orthogonal com
ponents of equal amplitude and frequency, but differing
by a phase of 90 deg. In other words, the coordinate
functions are: x = r sin(w) and y = r cos(w) = r sin(w +
90 deg). Ellipses of different eccentricities can be
simulated by varying the ratio between the amplitudes;
that is x = a sin(w) and y = b cos(w). A cycloid (the

rolling wheel) can be created by adding a horizontal
low-frequency but high-amplitude component (to
approximate the linear translation) to the basic circular
motion. Thus, x=rsin(w)+krsin(w/k) and y=rcos(w),
where k is a large integer. This Fourier-synthetic tech
nique is rather powerful. For example, a pendular motion
can be simulated with two components of different
frequencies, and a square path, by 10 orthogonal corn
ponents, with satisfactory results.

The author has implemented a display system on a
Terak 851O/a microcomputer, based on this idea of
Fourier synthesis. The program is written in UCSD
PASCAL. But the basic algorithm can be easily demon
strated with a simple BASIC program, which is shown in
the appendix. The core of this program lies in the loops
from Statements 320 to 380, which sum up the sinu
soidal components for the x and y coordinates. The
Terak has a 240 by 320 dot matrix screen. Light dots
can be plotted and erased (before plotting the next
position) with a graphics intrinsic called DRAWBLOCK.
Satisfactory motion displays can be generated for up to
five distinct dots in a display.

Requests for additional information can be addressed
to the author, care of School of Social Sciences, University
of California, Irvine, California 92717.
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Appendix

100 DIM F(10),G(10)H(l0),P(l0),Q(l0),R(l0),Z(500)

110 LIBRARY "PLOTLIB***:TEK10" 'contains subprograms to drive plotter

120 PRINT "FUNDAMENTAL FREQUENCY";

130 INPUT V

140 PRINT "CENTER";

150 INPUT A,B

160 PRINT "# OF HORIZONTAL COMPONENTS";

170 INPUT N1

180 PRINT "FREQUENCY, AMPLITUDE, AND PHASE"

190 FOR 1=1 to Nl

200 INPUT F(I),G(I),H(I)

210 NEXT I

220 PRINT "# OF VERTICAL COMPONENTS";

230 INPUT N2

240 PRINT "FREQUENCY, AMPLITUDE, AND PHASE"

250 FOR 1=1 TO N2

260 INPUT P(I),Q(I),R(I)

270 NEXT I

280 PRINT "# OF CYCLES";

290 INPUT M

300 FOR 1=0 TO M STEP l/V

310 LET X=A

320 FOR J=l TO N1

330 LET X=X+SIN«F(J)*I+H(J)/2)*2*3.1416)*G(J)

340 NEXT J

350 LET Y=B

360 FOR J=l TO N2

370 LET Y=Y+SIN«P(J)*I+R(J)/2)*2*3.1416)*Q(J)

380 NEXT J

390 CALL "DOT":ZO,x,Y 'plots a point at (X,Y)

400 NEXT I

410 END
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