Chapter 10

DESCRIPTION OF COMPUTER PROGRAMS DEVELOPED FOR
THE AFPFLICATION OF THE METHODOLOGY

Introduction

During the course of this research two computer programs were developed
to compute the evaluation measures and evaluation ratios described in the previous
chapter by analyzing the driver eye movements and the driving performance data
collected in this research, The two computer programs are called SEADEM T and
SEADEM II (Sign Evaluation by the Analysis of Driver Eye Movements).

The program, SEADEM I, was developed as a part of the first one and
one-half years of research efforts and it was designed to analyze data collected
in Studies F-1 and F-4, This program did not consider exact highway geometry
but rather assumed the highway to be perfectly plane and straight. This assump-
tion was not too unrealistic as the majority of the data collected in the Studies F-1
and F-4 were collected on relatively straight and plane sections of interstate
highways,

The computer program, SEADEM II, was further developed to satisfy the
need for increasing accuracy and to consider exact loeations of approaching sigms
with respect to driver's eye position as the driver travels on a highway with
complex geometrics involving both the vertical and the horizontal curves, The
SEADEM II was used to analyze data collected in Studies F-6, F-7, and F-8,

Basic Computational Task of SEADEM Programs

Both SEADEM I and SEADEM II perform the same basic task. The hasic
task essentially consists of separating the fixations that a driver makes as he
approaches a sign (or signs, in case of multiple signs) into two categories; i. e, ,
i) the fixations that present resolvable information of the mes sapge displayed on
the sign, and {ii) the fixations that do not present resolvable information from any
portion of the displayed message,

In order to perform the task, the computer program analyzes each suc-
cessive fixation that a driver makes as he approaches a sign. Let us assume
that t is the time at which a driver makes a fixation; i. e., the fixation begins
at time t. Then for that t, the computer determines the values of the following
measures from the input data,
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i, letty, ¥ (] = angular location of the fixation
(S3ee Figure 3.1.)

i, =(b = longitudinal distance of the driver
from the sign

iii, [Bl{t‘;, 4 (1) ] = Joeation of the center of the sign
iv. m.(t = eccentricity angle of the sign at ith
position on the sign
Note: i=1 for center of sign, and
i = 2and 3 respectively denots
positions at the left and
right edge of the sign
(See Figure 3. 1.)

v. @ [nit] = resolution angle measured in minutes
of arc in the driver's visual field at

eccentricity angle n;(t

vi. (D = angle subtended by largest letter size
at ith position

The program, then computes the values of the following ratio for each valuc of

v (8

B — for i=1,2, 3
5.5 9fn;(t) ]

If any of the above three values are greater than or equal to 1,00, the fixation
considered to provide resolvable information of the sign to the driver.

The program, thus, determines all the fixations which provide resolval
information to the driver and computes Tygoq, Ty and T.

In order to determine T}, .., the program performs the following comp

tation:
Trane = value of t at maximum value of x{f) for which
Yi':t\.'
=1,0
5.5 @09 ]




f lo(t), ¥ty ] = Angular location of

Anpular location of fixation

center of sign =
[Byity,dq(t]

®— Height of Letters

le—

Visual axis

4 W

Cyelopean eye

position of
/ driver

0

Figure 3.1.--Geometric Relationship of the Sign with
Respect to the Driver's Cyclopean Eve Position



Thus, after obtaining Tygeds Tfs Te and Tpyay, the following evaluation

ratios are computed:

Tmax"’ Tused? Tmaxf T Ti*'f Tysed: and Tmax'fo'

Differences between SEADEM I and SEADEM II

The primary difference between SEADEM I and II are due to the differences
in the input data required for each, Table 3.1 presents the basic differences in

computation,

The computer program SEADEM I is described in detail in the interim
report (Rockwell, etal., 1970) of this project and therefore, only the SEADEM I
is presented in the succeeding pages of this chapter.

Table 3,1

Basic Differences in SEADEM I and II

Input data required to compute the variable

||

Variable SEADEM I SEADEM I
determined by determined by
integrating input from

#(t) velocity pro- direct record-
file of the ing of distance
vehicle by using the

fifth wheel
determined determined by
analytically input from
by assuming recorded sign
straight high- highway
way by the geomelry

[B5(t), dy(t) ]

kmowledge of
height and
lateral posi-
tion of the
gipn with
Tespect to
the driving
lane

master film
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Specialized Instrumentation and Procedures Developed for Obtaining
Sien-Hirhwayv Geometrics Data

As mentioned earlier, SEADEM II was developed to consider exact loca-
tions of approaching signs with respect to driver's eye position; i.e., cyclopean
eye position, as he travels on a highway with complex geometries,

In order to obtain data on the angular locations of the signs as a driver
travels on the highway, a 16 mm camera with a 329 wide angle lens was used.
The camera was mounted at driver's eye height and at the center line of the
car as shown in Figure 3. 2. The instrumented vehicle was driven in a preselected
lane on each of the test sections and the road was filmed at 2 frames per second
film speed. At the same time, a fifth wheel was used to record distance., The
distanee was recorded on a Honeywell Oscillograph recorder in terms of blips
after every 1/100 th of a mile traversed by the instrumented vehicle. In order
to synchronize the fifth wheel and camera data, a synchronization device was
used, which generated blips on the recording paper after every four and forty
frames of the film. TFigure 3.3 presents an example of the recorded paper data
obtained from the Honeywell Oscillograph. In order to identify beginning and
end of a run and also the instances when the vehicle passed the longitudinal
plane of the sign, an additional stimulus trace was used, The circuit of the
stimulus trace was so designed that it also lighted a bulb in the view of the
camera so that film and paper data could be synchronized,

The film data was then reduced frame by frame and the coordinates of the
centers of the sign (or signs, in case of multiple signs) for every frame of the
film were punched on the cards. The oscilllgraph paper data was also reduced,
and the film frame numbers corresponding to every 1/100 th of a mile blip were
punched, Further, in addition to the above two sets of data, the lane position
of the instrumented vehicle; i, e, , the number of lanes in which the instrumented
vehicle was driven, was obtained with respect to film frame numhbers.

Thus, the following three sets of data cards, all synchronized on the basis
of the film frame numbers, constitute complete data to define sign-highway
geometry; i, e. , location of sign with respect to any point on the highway:

i. locations of signs with respect to film frame numbers,

ii, film frame numbers corresponding to every successive
1/100 th of a mile, and

iii. frame numbers corresponding to driving lane numbers,



Figure 3.2.--Instrumented Vehicle Used for Collecting
Sign-Highway Geometiry Data
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Stimulus trace for recording beginning
and end of data collection and for record-
ing the instance at which the driver passed

a sign

Traces from
camera synchron-
ization device

Velocity

trace
Trace aof
fifth wheel
recording

Figure 3,3.--An illustration of synchronized
data obtained from Oscillograph
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Procedures for Obtaining Synchronized Driver Eye Movements and
Vehicle Performance Data

The experimental setup similar to that used for sign highway geometry
data was used to collect data of subjects while driving. In the subject data col-
lection Tuns, the 16 mm camera was mounted on a vertical piller (between roof
and floor of the instrumented car) located between the front and the back seat.

In this case, instead of the 322 wide angle lens, the input of the scene lens and
the eve spot were fed into the camera by means of a beam splitter (see Appendix
B). The driver eye-movement data was collected at the film speed of 16 frames/
second., The distance traversed by the driver was also recorded on paper hy
using the Honeywell Oscillograph and the fifth wheel. The synchronizationdevice
used for collecting the sign-highway geometry data was also used. Thus, the
data of the test subjects consisted of the following:

i, 16 mm eye-movement film (recorded at 16 frames/second
gpeed); from this data the following information was obtained:

a, locations of successive eye fixations with respect
to the perspective of the driving lane,

b, durations of successive fixations,

¢, number of lane in which the driver was driving, and

d, stimulus marks obtained fromthe bulb in the beam
splitter: this information was used to identify beginning
and ending of the trials and also the instances when the

driver passed a sign,

ii. oscillograph paper data (recorded at 0, 4 inches/second);
from this data the following information was obtained:

a. distance traversed in relation to the film frames, and
b. stimulus marks that identify
i, beginning and ending of runs, and

ii, the instances when the driver passed a sign.
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Inputs to SEADEM 11

The inputs to the SEADEM II, therefore, consisted of two distinet types
of data packages as follows:

Data Package Type L Sien-highway road geometry data:
(referred in the program as 50; i. e,
"Subject Zero" data,

Data Package Type 1: subject data:
driver—vehicle performance data col-
lected during test runs,

The above two types of data packages were prepared for each test route and
since a test route consisted of more than one sign locations and one or more signs
at each location, the following scheme was used for assembling the data in each
of the two types of packages,

Figure 3. 4 shows a sketch of one of the test routes used in Study F-6.
This test route was numbered "231" and the data was collected at three sign
locations, namely, 231-1, 231-2, and 231-3, Figure 3,5 gives a computer
print-out of the dats package of Type I for the test route 231. The data package
consists of many sub-packages (see Figure 3,5) and the information contained
in the sub-packages are briefly described in Table 3, 2.

Similarly, Figure 3.6 presents an example of data package of Type O for
Subject KF on test route 231. Table 3. 3 gives description of information that forms
different sub-packages of the data packape of Type IL

Descripiion of the Computational Procedure of SEADEM IO

The SEADEM IT computer program is written in TORTRAN IV(G) and is
set up to run in IBM 370/165. The program requires 91, 328 bytes of core. The
setup time for this program on IBM 370/165 is approximately 30 seconds. The
input data is stored by the program on disk units and 30 cylinders (2300 units)
of data storage space is required for this purpose. The program consists of
one main program and eight subroutine programs, The total number of TORTRAN
statements in this program is over 675, The data processing time required by
the program for a test route requiring approximately 180 seconds (real time)
of driving time can be presented as follows:

i. approximately 10 seconds fo process '"S0" data for a
trial; i, e., test route, and

ii. approximately 12 seconds to process data of each sub-
ject on the test route,
G



Sign location no.
231-3

Driver's Path

291-2 231-222

Sign location no,
231-2

Lane Nos, 1 /‘2 fa

Sign location no.
231-1

Figure 3.4.--Tlustration of Identification Mumber System
Used for Test Route Numbered 231
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Tahle 3.2

Details of Data Package of Type I

Sub-package

Degeription of data in the
Sub-package

For each sign at each location:

a., message displayed by the sign

. type of informational need of the
driver (NR = 00, NP =10, PR = 11)

A c. no. of lines of message

d. mno. of words in the message

e. no, of letters in the message

f. height and width of the sign

g. lefter sizes

For each sign location:

a. lane position information:
lane numbers and film frame

B numbers at lane change

b, flm frame numbers at every
1/100th of mile distance (measured
in the direction opposite to travel
from the location of the sign)

For each sign location:

a, film frame numbers measured from
sign location (while reversing the
film)

b, coordinates of sign (or signs, up to

C three signs at the longitudinal sign

loeation) corresponding to above

film frame numbers

Note: Coordinates of centers of
signs were measured with
reference to a fixed object
in the car,
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Table 3.3

Details of Data Package of Type II (Subject Data)

Sub-package

Description of data in the
Sub-package

route numhber, e.g., 231

subject name, e.g., KF

binocular foveal visual acuity of the
subject

film speed (0,0625 sec/frame)

For each sign location:

i

lane position information

Note: If "blank' computer assumes
lane 1,

film frame numbers at every

1/100th of mile distance {measured

in the direclion opposite to travel

from the localion of sign)

For each sign location:

Details of successive eye fixations that
a driver makes until he passes a sign
location, This data includes:

3
b,

coordinates of fxations

film frame number at which the
lizations end

details in the view where a fixation
accurs, e.g., LC = lead car,

OV = out of camera field,
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Figure 3.7 presents a schematic flow disgram of computation procedure
programmed in SEADEM I, The program is designed such that it can process
data collected over many test routes and for many subjects on a test route.

The length of input data to be processed, therefore, depends upon the maximum
time limit specified, and the computer program will continuously process the
sets of data decks; i, e., repetitions of Step 1 followed hy Step 2 type data,

in succession. As shown in Figure 3.7, the program begins computational
procedure by reading in the first data deck of Type I and performs the computa-
tional Stage L. In the computation Stage I, the input data is processed and restored
in synchronized version; i, e., sign locations and lane position synehronized as

a function of distance. Then it reads the first data deck of Type I for the first
subjecton the first test route and processes it through the computational Stages [Tand
Ol The computational Stage II is essentially similar to eomputational Stage I
and it basically synchronizes the subject data; i.e., eye movements and lane
positions, as a function of distance from the oncoming sign,

The computation Stage Il actually analyzes every single fixation that a
driver makes for all the signs at each of the approaching longitudinal sign
locations., Figure 3. 8 hriefly illustrates some of the important steps in the
computation Stage L It should be noted that the subroutine SEEN has a built
in visual accuity plot of the visual field of a driver with normal vision. This
SEEN subroutine is the most important in this program, It determines the
location of the driver at each fixation from the sign and computes the angles
subtended by different sizes of letters. The angles subtended by the letters are
then compared with the resolution angles in the drivers visual field at the com-
puted eccentricity angles of the fixation at the three different locations on the

sign (see Figure 3. 1) and the "resolvability' of displayed information on the sign in

that fixation is determined,

Figure 3.9 presents the isograms of resolution angles in 322 visual fields

of the driver with normal vision that is modeled in the subroutine, SEEN, Tt should

be noted that here an assumption is made, that the isograms of resolution angles
in 32° binocular visual fields of humans are circular. This appears to be jus-
tifiable as the differences in visual acuity at different radial positions in the
central vision are small, The subroutine SEEN adjusts the ahove modeled resa-
lution angles according to binocular foveal visual acuity of an individual test
driver. TFor subjects with above normal or subnormal binocular foveal visual
acuity, the subroutine modifies the isograms within 40 visual field in a linear
fashion. Thus, for the drivers with below normal binocular fovenl visual acuity;
€.g., 20/40. the program increases the resolution angles within 40 visual field,
It should be noted that here an assumption is made that the visual acuity in only
49 visual field is affected in case of subjects with above normal or helow normal
binocular foveal visual acuity.
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INPUT

Step 1: Data deck of Type 1 for test route IR
Step 2: Data deckis) of Type O for test route IR and subject IS
Note: Step 2 can be repeated over I5; i,e., for different
subject over same IR,
Steps 1 and 2 can be repeated for each IR,

e Select Test Route Step 1 Computational
JNE Tnput = Stage 1
N ¥
Sub-Output 1
Seleet Subject &, details of each
i 15 sign at each location
b. synchronized data on
Step 2 gign locations and lane
input position as a function
of distance
Computational
Stage 11
Sub-Output 2
&, driver's visual
characteristics

b. synchronized data
on eye movements
and driving lane
position as a function

of distance
¥
[h§ornputatiunal Stage III
!

oUTPUT

[or subject 1S on test roule (R
sipm evaluation measures and
ratios for sach signat each
lopation an the test rodte

]
Select Step 2 | vyog | I8 data for additional I3 on the
for next sub- aame test route available?

joct

No

Select Step 1

_Yes

for next IR Is data for additional TR available ?

No

sTOP

Figure 3,7.--Schematic Flow Diagram of
the Computational Procedure of SEADEM II
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For more detailed discussions on this problem of modeling the visual
acuity, an interested reader is referred to Rockwell, et al.,, (1970) and Bhise,
(1971).

Since all the three computational stages of SEADEM I are complex and
lengthy, a more detailed documentation of the program is considered to be beyond
the scope of this report. An interested reader is, therefore, requested to refer
to the project files on this research where detailed descriptions and listing of the
program is presented. The project files can be obtained by contacting the Systems
Research Group.

Ilustiration of Quiput of SEADEM IT

In order to give the reader some idea on the output information obtained
from this program, illustrative examples of partial computer printed outputs for
the following three levels of computation are presented in Figures 3,10, 3.11, and
3.12 for a test route numbered G02;

i. sub-output 1 (Figure 3.10),
ii. sub-output 2 (Figure 3.11), and

iii. OUTPUT from computational Stage I (Figure 3.12).
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