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METHODS & DESIGNS

Optical and electronic systems for spatial
and temporal analysis of video images

FRANCOIS JOUEN and JEAN-CLAUDE LEPECQ
Laboratoire de Psycho-Biolagie de l'Enfant, Paris, France

In this paper are described two systems for spatial <two-dimensional coordinates) and temporal
analysis of video images. In the optical version, the Apple lIe generates a pointer on an Apple
monitor; the pointer is then superimposed on the video image of a second video monitor, by reflect
ing the pointer with a half-silvered mirror. In the electronic version, a special card was designed
for the Apple lIe to generate a pointer directly on the other video monitor. Both systems use the
same software. The procedures of spatial and temporal data acquisition and storage are described
as well as the reading, writing, printing, removing, listing, chaining, and dating operations of
the digital and graphics files.

In behavioral research, the problems raised by spatial
and temporal analysis of video images generally involve
determining the relative positions of several points, com
puting the spatial characteristics among the points (i.e.,
distances, angles, directions, orientations, trajectories,
areas, etc.), and recording the changes over time of these
spatial characteristics. Such analyses require two basic
pieces of equipment: a timer, and a video image digitizer.
The timer records the occurrence of the events; the
digitizer converts some portion or all of the video image
into digital values.

There are numerous commercially available systems
that allow accurate two- or even three-dimensional spa
tial analysis of video images (see, e.g., Poizner, Wooten,
& Salot, 1986). Nevertheless, there are also many labora
tories where spatial analysis of video images remains
rudimentary (e.g., applying a transparent matrix onto the
screen of the video monitor). The main reason for the gap
between the most recent techniques and the methods still
used by researchers is financial. Because of this, we have
developed two different systems. The first, based on an
optical video-computer interface, requires only the pur
chase of a half-silvered mirror or any analogous optical
interface. The second is based on an electronic
video-computer-eard interface. Both systems use the same
software; each one can be used independently.

This work was partly supportedby ATP Fund 955128 bis from the
CNRS. The authors are greatly indebtedto M. Boudinotfor the card
conception. to Y. Barbin for his programming assistance, to P. M.
Baudonniere for technical advice, and to R. Pears for her assistance
in revising the English. The helpful comments of the anonymous
reviewerswere of great value during our revision. The authors' mail
ingaddress is: Laboratoire de Psycho-Biologie de I'Enfant,41 RueGay
Lussac, 75005Paris, France.The programmaybe obtained at nocharge
from the authors. Senda 514 in. double-sided, double-density diskette
and a reusable diskette mailer.
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VIDEO-COMPUTER
INTERFACING PRINCIPLES

To create the optical system, a pointer (2 orthogonal
axes) is generated on the Apple monitor. This pointer is
then superimposed on the video-image of another moni
tor by reflecting it with a half-silvered mirror. The Ap
ple monitor and the other video monitor are placed at a
goo angle to each other in the same plane. The mirror
is placed at 45 a between the two monitors. In the elec
tronic system, a pointer is generated directly on the video
monitor; the card is automatically synchronized with the
video signal.

MATERIAL

The essential hardware consists of an Apple lIe micro
computer (128K RAM) equipped with either a 6502 or
65C02 processor, an Apple monitor, two disk drives, and
a compatible Apple ImageWriter printer (1982 model). A
joystick or an Apple mouse can be added. The videographic
equipment consists of a video recorder, a video monitor,
and a video timer (providing a timebase on the tape).

The optical interface is created simply, with a half
silvered mirror (50 x 50 em) or any analogous optical
interface (e.g., tinted perspex). The electronic card is built
around the 6522 Rockwell processor (see Appendices A
and B).

The program expects to find the printer interface card
(serial or superserial) in Slot 1, the mouse interface card
in Slot 4, and the video interface card in Slot 5.

SOFTWARE

The program is written in Apple Pascal 1.2, based on
UCSD Pascal 11.1 (Breaud-Pouliquen, 1984; Grant &
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Butah, 1985; Haut, 1983; Rouault & Girard, 1985a,
1985b). The Pascal system size is 128K. The program
alsousesPascal Assembly routines (Collibri, 1986). Writ
ten on a single start-up disk, it presents the user with a
menu of options (Figure 1).

On boththe optical andtheelectronic systems, the soft
waredivides the Applescreenintoa graphics portionand
a text portion. Within a rectangular graphics window, a
pointer (shaped as a + sign) is drawn. Within the text
portion of the screen, information and commands are
provided for the user. In the optical system, the vertical
andhorizontal positioning of the pointer is controlled with
the keyboard, a joystick, or a mouse. The position of the
pointer is defined in terms of x, y cartesian coordinates
insidea frame 251 units wide and 161 units high. In the
electronic system, the pointer, which is directly gener
ated on the video monitor, can only be moved with the
keyboard. The position of the pointer is defined in terms
ofx, y coordinates insidea frame512 unitswideand 280
units high.

DATA COLLECTION

Device Selection for Spatial Data Acquisition
The user is asked to define the device (i.e., either the

opticalor the electronic system) to be used for data col
lection.

Withthe opticalsystem,three toolsenabledata collec
tion: the keyboard, a joystick, or a mouse. In the key
boardacquisition mode,thex, y movements of the pointer
are controlled by the left, right, up, and downarrow-keys.
Combined directions (e.g., left and up) can be obtained
by pressing thecorresponding arrow-keys. The spacebar
stops the pointer's motion. The pointer's position is
recorded by pressing the ESC key.

In the joystick acquisition mode, the pointer is gener
ated by analog signals from a joystick connected to the
standardApplegameport. Thejoystick is equipped with
twopotentiometers that deliver0-5V. Thisvoltage is con
verted to digital values from 0 to 255 along the vertical
andhorizontal axes. Thejoystickis operated in the "free
floating," instead of the "auto-centering," mode. The
positionof the pointer is again recorded by pressing the
ESC key of the keyboard.

In the mouse acquisition mode, the program uses6502
Assembly routines declared as external functions (Mar
tel & Suy, 1985),whichallowdirect accessto the primi
tives of the mouse interface card. The pointed position
is recorded by clicking the mouse or by pressing the ESC
key of the keyboard. In order for the three operating
modes to function similarly, the pointer movements are
converted into graphics points compatible with the Ap
ple Pascal Turtlegraphics Unit.

In the electronic version, only the keyboard controls
the pointer. It is used somewhat differently from how it
is used in the opticalversion. The x, y movements ofthe
pointer are controlled by left, right, up, and downarrow
keys. The speed of the movement is increased fivefold

by simultaneously holding down the open-apple key and
the relevant arrow-key. Releasing of the arrow-key stops
themovement. Thepointer'sposition is recorded by press
ing the ESC key of the keyboard.

Precautions in Spatial Data Acquisition
Spatialdataacquisition involves selecting and freezing

a video image, and then selecting a desired point on it.
To achieve this, the user makes the mobile pointer and
the desiredelementof the videoimagecoincidevisually.
Several sources of error in measurement are possible.

With the optical system, the coordinates of the selected
positionmay vary accordingto the user's head position.
In order to minimize such variability, it is imperative to
make the center of the mirror and the center of the
graphics window coincide visually. Thecenterof the win
dow is defined by an x-shaped cross. The center of the
mirror is defined by the intersection of two orthogonal
axes. Withinthe same set of measures, it is equally im
perative to keep the relative position of the mirror and
the two monitorsconstant. With both the optical and the
electronic systems,it is also importantto keepthe linear
ity and vertical size adjustment of each monitorconstant
within the same set of measures. Finally, the freezingof
a video image never gives a perfectly stable image-a
problem inherent in the pause mechanism of most video
recorders. Thisinstability impairs theaccuracy of allvideo
pointers (electronic or otherwise).

Accuracy of the Measures
The accuracy of the system was assessed as follows.

A 10 x 15 emplanetestpatternwasvideo-recorded (lens:
50 mm, distance: 1.5 01). The test pattern, which con
sisted of 10scattered points, wasplaced ona frontoparallel
plane relative to the camera. Five operators were in
structed to measure the 10 points as accurately as possi
ble. Each operator used each of the four acquisition
modes: one mode for the electronic system (keyboard),
three modes for the optical system (keyboard, joystick,
mouse). In each acquisition mode, the points were
recorded by pressing the ESC key. All the precautions
described above were followed. After calibration, the
measured x, y coordinates of the 10 points were trans
formed into physical coordinates and compared to their
actual physical coordinates inside thetestpattern. For each
measure in each acquisition mode, an absolute angular
error wascomputed alongthex- and the y-axis (Table 1).

Time Data Acquisition
Two options may be selected: "timing" or "no tim

ing." If "timing" is selected, the userhas to statewhether
the number of points to berecorded per timeunit is "con
stant" or "variable." If thechoice is "constant," the user
predefmes the number of points (n) to berecorded in each
time unit. Then, for every n points, the user must store
the time value associated with these points. If the choice
is "variable," the sequence CTRL-O CTRL-T enables
the user to change the time unit at any time during the
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Table 1
Accuracy of the Pointing System: Mean Angular Error (in Degrees)

for the Four Acquisition Modes (50 Measures per Cell)

System

Electronic Optical

Keyboard Keyboard Mouse Joystick

u. 0.021 0.074 0.075 0.098

SDx 0.014 0.049 0.061 0.058

My 0.025 0.049 0.069 0.089
SDy 0.016 0.046 0.056 0.080

acquisitionprocess. In order to register times for recorded
points, the user reads the time value displayedon the video
monitor, and then enters this value via the Apple key
board. The followingstandard format is used: hours (from
oto 23), minutes (from 0 to 59), seconds (from 0 to 59),
and hundredths of seconds (from 0 to 99). If the "no tim
ing" option is chosen, the user goes directly to the spa
tial data acquisition. In this case, no time value will be
associated with the recorded spatial positions, and all time
values (hours, minutes, seconds, 'hundredths of seconds)
will equal 0 by default.

Digital Storage of the Positions
With both the optical and the electronic systems, two

modes of digital storage are possible (Figure 2). In the
first, labeled "without grid," the user is provided with
an empty graphics window. The x, y coordinates of the
points in the graphics window are stored. For the optical
system, the x, y coordinates vary from 0 to 250 (x-axis)
and from 31 to 191 (y-axis). For the electronic system,
the x, y coordinates vary from 0 to 512 (x-axis) and from
oto 280 (y-axis). In the second storage method, labeled
"with grid," the user is requested to choose a total or
a partial grid inside the graphics window. When the total
grid option is selected, the user has only to defme the sizes
of the columns (horizontal step) and ofthe rows (vertical
step) of which the grid is composed. When a partial grid
is chosen, the user must first determine the position of
this grid within the graphics window (left, right, lower,
and upper sides), and then defme the sizes of the columns
and the rows of this partial grid. In both the "total" and
the "partial grid" options, the minimum size of columns
and rows corresponds to five graphics points. In both "to
tal" and "partial grid" options, the x, y coordinates
selected remain those of the points of the graphics win
dow. But the x, y coordinates of the stored points will
be those of the column and the row of the grid at this po
sition. Whatever the sizes of the columns or rows, and
whatever the position of the partial grid, every position
that belongs to the first column (from the left side) and
to the first row (from the lower side) will be stored as
x = 1 and y = 1. In the partial grid option, every posi
tion outside the grid is stored as x = 0 and y = O.

Graphics Mode Storage
With both systems, different modes of graphics storage

are available (Figure 2). First, each point mayor may

not be represented by a small dot within the graphics win
dow. The sequence CTRL-O CTRL-E enables the user
to go back and forth between these two "echo" and "no
echo" options (the initial state of this command is "no
echo"). Second, a straight line mayor may not be traced
between two successive points. The sequence CTRL-O
CTRL-D enables the user to go back and forth between
these two "draw" and "no draw" options (the initial state
of this command is "no draw"). All combinations of
choices from the "echo/no echo" and "draw/no draw"
options are possible.

Storage on Disk
Once the acquisition is completed, the sequence

CTRL-O CTRL-Q enables the user to leave the creating
option.

Two different files (digital and graphics) can be as
sociated with the acquired data (Figure 3). The digital file
is organized as an array of records. Each record consists
of six fields: time values are associated with the recorded
point (in hours, minutes, seconds, and hundredths of sec
onds: four fields), and with the x, y coordinates of the
point (two fields). The graphics file stores only the infor
mation contained in the graphics window (which cor
responds to the high resolution graphic page number 1,
located from 8192 to 16383 memory address). The ap
propriate extensions (.DIGIT and .GRAF) are automati
cally added to the filenames of the digital and graphics
fIles.

Data is automatically written to disk every 42 records
(512 bytes) during the acquisition phase. Consequently,
the maximum size of a digital file is limited only by disk
capacity. Since a blank formatted disk consists of 274 un
used blocks, and since a block may contain 42 records,
the maximum size of a digital file is about 11,508 records.

Once the acquisition is completed, the user is asked to
choose whether to save the digital and graphics files per
manently. If the answer is "yes," the digital and graphics
files are permanently written to disk and locked. If the
answer is "no," the digital file, which may already have
been written by the automatic saving procedure, is re
moved from the disk. Saving a graphics file requires 16
blocks. Safety procedures prevent the user from involun
tarily erasing existing data files,

FILE MANIPULATIONS

The "reading" and "writing" options allow the user
to read digital and graphics files from the disk, and to
write digital and graphics files on another disk. The writ
ing operations also allow the user to rename the files, The
"printing" option allows the user to send digital and
graphics files to the printer. The program of graphics file
printing is specific to the ImageWriter printer and com
patible with serial and superserial interface printer cards.

The "chaining" option enables the user to append two
or more digital files sequentially, and to combine two or
more graphics files into a new digital or graphics file. This
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Figure 2. Examples of different acquisition modes.
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Figure 3. Digital and graphics printings of the same set of data.

option enables the user to suspend and to restart the ac
quisition ad lib, and to gather the data acquired through
different work sessions into a unique digital or graphics
file a posteriori.

The "removing" option enables the user to delete the
digital or graphics files permanently.

At the end of the "writing," "chaining," and "remov
ing" options, the data disk is automatically "crunched."
This operation analyzes how the unused space is dis
tributed on the disk, and moves the files on the disk so
that all unused blocks are combined at the end of the disk.
Thus, the "crunching" process maximizes the unused
space on the disk.

UTILITIES

The "formatting" option enables the user to format a
data disk. A newly formatted data disk is automatically
called "BLANK:". It can begiven an appropriate name
by means of the "renaming" option.

The "listing" option allows the user to send the direc
tory of the data disk to either the console or the printer.
All files and unused areas are listed, along with their block
length, last modification date, the starting block address,
and the filetype (.DIGIT or .GRAF).

Finally, the "date" option allows the user to store the
current date. This date will be associated with any file
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saved during the current session; it will be the date dis
played for these files when the directory is listed.

DISCUSSION

The advantages and disadvantagesof each system (op
tical and electronic) will be discussed separately.

Compared withother systems, the optical systemis quite
inexpensive. In addition to the computer and video con
figurations, it requiresonly a half-silvered mirror or some
other analogous optical interface. Since the video
computer interface is exclusively optical, there is no
problemof synchronization betweenthe computerand the
video components of the system. Consequently, the sys
tem is not only completely compatible with the different
available videostandards, but can alsobe usedwithprinted
material from other systems of image production. Com
pared with videographic computers, in whichthe complete
video image is digitized frame by frame, each digital and
graphics file of our system consists only of the relevant
points of an image and can includeseveral frames. Thus,
memory costs are relatively low. The size of a graphics
file remains constant (16 blocks, i.e., 8K). The size of a
digital filedependson the numberof stored records (e.g.,
a digital file of 1000records requires24 blocks, 12K). As
for software, the system can be used without knowledge
of the ApplePascal language(1984b) or operatingsystem
(1984a). The program, written on a single start-up disk,
can perform the following operations: formatting, renam
ing, and "crunching" of data disks; collecting, reading,
writing, printing, dating, listing, removing, and chaining
data files. Moreover, sincethe programwas writtenin Ap
ple Pascal (based on UCSD Pascal), it is relatively
hardware-independent and may be easily modified and
transferred to other machines and processors.

The electronic system has the same basic advantages
as the optical one: low memory costs associated with
selective digitization and no requirement of any knowledge
of Apple Pascal. It is also independentofthe video stan
dards (SECAM, PAL, NTSC: 4.43 MHz; NTSC:
3.58 MHz). It differs from the optical system in two

respects. On the one hand, construction of the card is re
quired, which may be more costly in terms of time and
money. On the other hand, it is more precise than the op
tical device.

Whichever system one chooses will allow the user to
collectand storedigitaland graphicsinformation. The dig
ital information containsonly the spatial(two-dimensional
coordinates) and the temporal values associated with
points. Any further data analysis, which may include, for
example, computations of angles, distances, surfaces,
speeds, etc., will require specific application programs.
Our pointing system has already been used successfully
to investigate several phenomena (e.g., infants' head ro
tationsduring place-learning tasks, prematureinfants' um
bilical displacement inside an incubator, infants' eye
movements in visual pursuit tasks). It is potentially usa
ble in many other areas. It is our hope that others will
test, modify, and complete this program to suit their own
research interests.
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APPENDIX B
List of the Components and the Component Layout

LINEAR CIRCUITS: POTENTIOtlETERS: 50 K 4

1:Ut318 HIGH-PERFORMANCE OPERATIONAL AtlPLIFIER TRANSISTORS: 2N3906 PNP

2:74LS74 DUAL O-TVPE POSITIVE-EDGE-TRIGGERED FLIP-FLOP 2N3904 NPN

3:74LS123 MONOSTABLE VIBRATOR DIODES: IN4148 3 01,02.03

4:74LS123 tlONOSTA8LE VIBRATOR RESISTORS: 7511 3 Rl, R4. RIB

5:74LS74 DUAL D-TVPE POSITIVE-EDGE-TRIGGERED FLIP-FLOP 221311 R5

6:74LS!l!l QUADRUPLE 2-INPUT POSITIVE-HAND GATE 271311 R9

7:74LS00 QUADRUPLE 2-INPUT POSITIVE-NAND GATE 1 K R6

8:74LS193 SYNCHRONOUS 4-BIT UPIDOWN COUNTER 1.5 K R11

Q:74LS1Q3 SYNCHRONOUS 4-BIT UPIDOWN COUNTER 2.2 K 2 R2,R3

10:74LS1Q3 SYNCHRONOUS 4-BIT UPIDOWN COUNTER 5.1 K RB

11: 6522 VERSATILE INTERFACE ADAPTATOR 22 K R7
CAPACITORS: 330 pF C2

1.5 nF C3

0.68 nF 2 C4,C5

0.22 ~F 1 C1

100 nF

11 6522

••••••••a 74lS193........

......;",,0,,;;,........ 1 25
..... -(9. • • . • . . • . . • • • • . • • . • . . . . •. .26
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