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Driving simulators are increasingly being used to test the Intelligent Transportation Systems (ITS) that interface_ with the 
driver in the vehicle. Examples of such technologies includeautonomims, on-boarclsensors (Huguenin, 1993) which potentially can 
prevent many of the rear"end crashes that lead to fatalities oi serioul>injucies(Knipling, Mironer, Hendricks, Tijerin,Everson, Allen -
and Wilson, 1993). A study of the simulator image-factor!> which affect the detection ofrear-end-collisions and, more generally, of 
motion is described below. · The study was undertaken on the University of Massachusetts driving simulator located at the Amherst 
campus. 

Many of the perceptual and cognitive factors which 
affect drivers' ability to avoid a collision have been analyzed. 
For example, when a driver is in motion, increases in the 
angular size (Regan and Beverley, 1978) and texture density 
(Regan and Beverley, 1983) ofa stationary object indicate 
that the distance between the-driver and the object i'Y 
decreasing. The rate of angular expansion is used by drivers 
to control braking force and avoid a collision (van der Horst, 
1990; Lee, 1976). If the speed of the driver's vehicle-is 
unknown (as it might be in an emergency maneuver),
monocular cues such as motion parallax are _very important 
when estimating the speed of self-motion (Rogers and 
Graham; 1979).- This in turn can be used to estimate the time 
to collision and, from there, the moment at whichthe brakes 
should be applied. 

An attempt is made in a driving simulator .to keep -
the simulator image as close as possible to the real image in 
order to convey to drivers in the simulator the same cues used · 
to avoid a collfsion that the drivers have out on the open road. 
However, such an attempt is not always completely realized 
or realizable. Computer generated images are necessarily 
constrained on several different dimensions, constraints 
which influence the image quality (Padmos and Milders, 
1992). For example, increases in the update rate can 
potentially lead to better estimates of the rate of angular 
expansion. Increases in the level of detail can improve the 
perception of changes in texture density. And, the addition of 
repeated objects (e.g., fenceposts, signposts) close to side-of 
the road can improve the perception of motion-parallax. 

Given that drivers' collision avoidance behavior in 
the driving simulator might be-different from such behavior 
on the open road, it is important to compare the two 
behaviors. In particular, we will compare driver's estimates 
on the open road and the simulator of time-to-collision {T,) 
with an object that remains stationary when the driver's 
velocity remains constant, but unknown. As estimates ofT, 
on the open road, we will use the results from Sidaway, 
Fairweather, Sekfya, and McNitt-Gray (1996). They ran 
several experiments using videotaped images displayeclon a 
large screen television. These images were taken from 

within a car, moving at a_constant velocity, as it approached a 
stationary target. Each videotape was edited: so that the_ image 
was occluded, or removed from the screen, at a precise time 
to collision. The images were then edited to provide a variety 
of precise viewing times, such that the point in time at which 
the image was initially presented to the point in timeat wbich 
the image-was occluded wa!Y known. The results ofthe 
expel'iment revealed that in all cases estimated-T, was -
consist<intly less than actual T,._ Moreover, these differences 
were rrot sensitive to changes in- viewing time, hut were 
sensitivetochanges in velocity. The differences-between 
actual and estimated T, were smaller at greater speeds. 
Finally, an effect of actual Tc was found, but was later 
dismissed because actual T, co varied with velocity in their 
initiat experiment and was set to only one leveUn later 
experiments. The conclusion, therefore, was that the 
increased speeds produced increased rates of optic flow which 
resulted in the increased accuracy. 

Experiment I 

The purpose of the first experiment was a threefold 
one: to determine whether we could replicate-the-two major 
findings of Sida way et al. (1996) (the finding that the level of 
underestimation ofT, was inversely proportional to the 
velocity and that this underestimation was not sensitive to 
viewing time); to test whether increases in the optic flow 
explain the finding ofSidawaythat the underestimation ofT, 
decreases as the velocity increases; and to determine whether 
further evidence could be found to support the finding that 
estimation ofT, is not sensitive to changes in actual T,. 

Method 

Participants. Twenty adults participated in the 
study. The adults ranged in age from 20 to 30 years. All had 
normal, or corrected to normal, vision. Each participant took 
part in one session which lasted11hout 30 minutes for which 
they received $10. Informed consent was obtained prior to 
the onset of the experiment 



Materials. The experiment was run in the Human 
Performance Laboratory at the University of Massachusetts 
Amherst. Participants sat in a real Saturn SL! with the 
engine block removed and replaced by pressure transducers 
and analog to digital boards. The visual database was 
developed in Designer's Workbench from Coryphaeus 
Software Inc. on an Onyx Dual Reality Engine.manufactured 
by Silicon Graphics Inc. The scenarios were developed in 
Real Drive Scenario Builder from Monterey Technologies on 
an Indy manufactured by Silicon Graphics Inc. Easy.Scene 
from Coryphaeus Software, running on the Onyx, was used to · 
link the scenarios, database and vehicle. The resulting 
images were projected at a resolution of 640 x 480 from an 
overhead Sony projector at a rate of30 Hz and displayed on a 
high grade screen sitting directly in front of the vehicle. All 
data·were collected on the Indy. The roadway was displayed 
as a six lane(3 lanes in either direction) highway,complete 
with breakdown lanes on both sides and a I meter median 
dividingit down the center. On either side of the roadway 
was a 45-degree embankment textured to appear as grass_ In 
the low optic flow conditions, the surface of the roadway 
appeared as an untextured flat gray with the· lane lines 
appearing as solid white lines. In the high optic flow 
conditions, the surface ofthe-roadway appeared as a textured 
gray, much like asphalt, with lane lines appearing as dashed 
white lines (Figure I). The target was displayed in the center 
lane as a 2 meter tall male constructed from black polygons. 

Figure I 

(a) (b) 

Design. A repeated measures design was used. 
Approach velocity, viewing time, actual time to collision, and 
texture were varied within participants. Approaches to the 
target were set at 20, 60, and 120 km/hr. Viewing times of I 
and 3 seconds were used prior to occlusion. Time to collision 
(T,)was sotat either to 2 or 3.5 seconds from the target at the 
time of occlusion. Additionally two levels of optic flow were 
included, one with textures and one without. A factorial 
design was used to present all comb,inations oft.he above 
factors. Distances for initial presentation and occlusion are 
presented Table 1. Each combination was presented four 
times for a total of96 trials. The trials were presented in a 
different pseudorandom order for each participant. 

Table I: Experiment I • Distances in meters from target at 
which roadway was visible (meters). 

Level 
I 

Velocity(Km/hr) 
20 (V,) 

ViewingTime(s) 
1.0 (Vu) 

2 60 (V,) 3,0 (Vo) 

3 120 (V,) 

Condition Start End 
v,v.,T,, 216.67 lHi,67 
v 2v 12T,2 IOIUJ- 58.33 
V1Vi2T,, 36;11' 19:44 
v,v11T.,, 150;0{T 116;67 
v 2v 11T,, 75.00 58.33 
v,v .. T,, 25:00 19:4<t 
v,v,,T,, 166.67 66.67 
v,v,,T,, 83.33 33.33 
V1V12Toi 27:7& 11.11 
v,v .. T,1 100.00 66.67 
v,v .. T,1 50,00 33.33 
v,v .. T,, 16.67 11.11· 

~ 
2.0 (Tei)· 

3.5 (To) 

Procedure. Prior t<Y the experiment; data were
collected on age, education, gender, and health. Participants 
also had· to indicate the number of years thatihey·had been 
driving and the average number of hours spent driving per 
week. 

Participants were presented. with a description of the 
vehicle and the task to be performed. Participants were 
prompted to press the brake pedal at the precise moment that 
they thought contact between the hood of the vehicle andthe 
pedestrian would occur. 

Each of the 96 trials began with the roadway 
appearing on the screen and the driver appearingto move 
through the database at a set velocity; after a viewingtime of 
l or 3 s, the roadway was replaced by a black screen, leaving 
the participant to indicate their estimation ofT, by pressing 
the brake pedal of the vehicle. The participants were 
instructed to press the brake pedal atthe exact moment they 
thought the.front of the sinmlator would have made.contact 
with. the target had the screen not gone blank. The occlusion 
lasted exactly 8 seconds between each trial. No feedback was 
given to- the participants on their performance during the 
experiment. 

Thedependent variable-was the difference between 
the actual T, and the estimated T, on each trial. 

Results. 

Average errors (actual T,. estimated. T,) can be. 
found for all 24 conditions inTable 2. Pooitive values 
indicate underestimation in T, while negative values indicate 
overestimation-. In other words, a positive-value.indicates.that 
the participant would press the.brake pedal.prfo• to the car. 
impacting the target, and a negative value indicatesthat.the 
participant would press the brake pedal after the car would 



have impacting the target. Average errors in time to collision 
were 0.035 s and 0.516 s for the high and low optic flow 
conditions respectively. Average errors in time to collision 
were -0.085 s, 0.229 s, and 0.683 s for the 120 km/hr, 60 
km/hr, and 20 km/hr conditions respectively. 

A four-way (Velocity x Viewing Timex Time-to
Collision x Optic Flow) analysilrnf variance (ANOVA) with 
repeated measures revealed main effects for optk flow 
(F(l,19) = 29.50, p < .001) and velocity (F(l,19}= 29.91, p < 
.001-). Main.effects were determined not to be significant for 
viewing time (F(l,19) = l.28, p = l.28) or time-to-rollision 
(F(l,19) = 3.63, p = .072). Two way interactions were 
significant for Optic Flow*Velocity. Greenhouse-Geisser 
corrections for sphericity were used in all calculations when 
appropriate. 

Table 2: Experiment 1 - Actual T, - Estimated T, 

Optic Time to Viewing VelociMKmlfir} 
Flow Collision(s) Tim!;{&) 120 60 20 
High :u 3 0.310 0.757 l.016 

l 0.439 0.721 0.922 
2 3 O.Ql8 0.354 0.703 

l 0.227 0.178 0.549 
Low 3.5 3 -0.270 0.049 0.429 

l -0.477 0.176. 0.739. 
2 3 -0.537 -0.380 0.465 

I -0.390 -0.024 0.643 

Discussion. 

We will consider below and in order the effects of 
viewing time, velocity, optic flow, and actual time-t<rcollision 
on participants' estimates of time-to-collision. To begin, 
consider the effect of viewing time. The lack of significance 
for the main effect of viewing time found both in this 
experiment-and in the experiments by Sidaway et at indicate 
that participants, despite the simulated environment we were 
using which had a low (30HZ) update rate, and low 
(680x460)resolution, could pick up the information they 
needed !~determine T, in a very short period of time. 

As in Sidaway's experiment participants waited 
longer to press the pedal when at higher velocities. This was 
true across all viewing time, time-to-collision, and optic flow 
combinations. However, in this experiment, participants had. 
a tendency to overestimate T, in 6 of the 12 low optic flow 
conditions, almost all at a higher velocity. There are two 
possible reasons why this result was found here and not in the 
Sidaway experiment. First, participants on the driving 
simulator estimate velocity to be lower than on the large
screen television used in that experiment. This in itself could 
be th<>result of a smaller amount of optic flow on the driving 
simulator, as will be discussed. Second, participants· 
estimation of distance on the driving simulator was greater 
than that on the large-screen television. We have fuund this 

to be true in other experiments run on the University of 
Massachusetts driving simulator. 

As mentioned previously, Sidaway et. al theorized 
that the decreased errors found at higher velocities in their 
experiments were the results of the higher optic flow. The 
main effect of optic flow found in this experiment supports 
this conclusion. Participants on average pressed the brake 
pedal much later in the reduced optic flow conditions. There 
are two.possible implications here_ The first is that increased. 
optic flow results in participants perceiving an.increase in 
velocity.and hence underestimating time-t<rrollision. The 
seeond, is that participants have amuch redueedconfidence 
in their estimates of velocity without the optie flew and in. 
such cases use cues other than thetexture flow. The 
interaction main effect found between the optic flow and the 
velocity further supports these findings. 

Finally, because actual T, and velocity were varied 
within in a f\dl factorial arrangement, the lack of significance 
found for actual T,provides excellent support for tire 
hypothesis set forth by Sidaway etal. stating. that errors in 
estimates_ of time-to-collision are not a function of the actual 
time-t<rcollision, as was previously believed,.but.areinstead.a.. 
function ol'the velocity of the driver's own vehicle, and-more 
specificany the rate of optic flow. 

To summarize what was stated; the results--0btained
in this experiment resembled-extremely closely those-obtained -
by Sidaway et al. The main effect found for velocity, and-not 
founc!-for viewing time, were precisely what Sidaway et al. 
had-found to-be true using their-environment In addition;the 
main effect found for optic flow and not for actual T, were in 
somewhat agreement with the theories and hypotheses sei 
forth by Sidaway et al. 

Experiment 2 

In Experiment 1 the texturing of the roodway was
varied-. The results revealed that the environment
surrounding a target with whieh a participant-would eollide 
has an impact on their estimation ofT,. The purpose of 
Experiment-2 was to determine-whether participants-would
also use factors relating to the target itself when-estimating 
T,. Therefore, in addition to varying the roadwaytextures, 
the target itself was manipulated across two different cohorts. 
The first was the level of target detail. Whereas in 
Experiment l a monochrome individual was. used.as the 
target,Experiment 2 incorporated.both the ·monochrome 
target from Experiment I as well as a multi-colored-target,. 
complete with hair, shoes, shirts, pants and hands~ The other 
cohort manipulated was the target size. Experiment- I used a-
2 meter tall target. Experiment 2 used this 2 meter tall target 
as well as a l meter tall targetofthe samerelative
proportions. In other words, the target was scaled down by 
50 percent across all dimensions. 



Method 

Participants. Twenty adnlts participated-with the
same agerange, vision, and incentives as in Experiment I. 

Materials. Location, software and hardware were all 
as in Experiment I. Additionally, the two roadways used 
were identical to those displayed in Experiment l. 

The monochrome target was displayed.as described 
in Experiment 1. The multicolored target however,.was 
displayed as acombination of black, beige and blue polygons. 
(Figure 2) 

Figure2 
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Design. A repeated measures design was used. 
Approach velocity, target detail, target size, and-roadway 
texturing were varied within participants. Approaches to the 
target were set at 20, 60 and 120 km/hr. A viewingctime of 3 
seconds was used prior to occlusion in all trials. Time-to
collision {T,) was set at 2 seconds from the target at the time 
of occlusion. Additionally, two levels of optic flow were 
included, one with textures and one without. A factorial 
design was used to present all combinations of the above 
factOl'S. Distances for initial presentation and occlusion are 
presented in Table 3. Each combination was presented.four. 
times for a total of96 trials. The trials were presented.in-a 
different pseudorandom order for each participant. 

Table 3: Experiment 2 - Distances in meters from target at 
which roadway was visible (meters). 

Level Velocity(Kmlhr) 
I 20 (V1) 

2 60 (V,) 

3 120 (V,) 

Condition 
v, 
v, 

Start 
216.67 
108.33 
36.11 

End 
116.67 
58.33 
19.44 V1 

Procedure. The data that were collected on the 
participants were identical to those collected in Experiment L 
The instructions given to the participants and the overall 
procedure were as in Experiment l, with the exception of 
viewing time, which was fixed at 3 seconds on all.trials. 

As in Experiment l, the dependent variable was the 
difference between the actual T, and the estimated T, on each 
trial. 

Results. 

Average errors (actual T, - estimated T,) can be 
found.for all 24 conditions in Table 4. Positive values 
indicate underestimation in T, whilenegatiYe valuesJndicate 
overestimation. Average errors in time.to collision.were -
0.378 s.,0.249 s, and l.336s for the 120km/hr, 601on/lu', 
and 20 km/hr conditions respectively. 

A four-way (Velocity x Target Size x Target-Level
of-Detail x Optic Flow) analysis ofvarianre(ANOVA}with 
repeated measures revealed main effects for optic flow 
(F{l,16) = 43.31, p < 0.001), velocity (F{2,32) = 40.12,p < 
.0001) and target size (F{l,16) = 8.41, p = 0.0104. Main 
effects were determined not to be significant for target-level
of-detail (F(l,16) = 0.45, p = 0.5098). Main effects for2 
way interactions were significant for Optic Flow*Target Size, 
Optic Flow*Velocity and Target Size*Velocity. Greenhouse
Geisser corrections were used in all calculations when 
appropriak 

Table4: Experiment 2 -Actual T, --Estimated T, 

Optic Target Target - Veloci!l'fKmfhr}: 
Flow Detail Size 120 60 20 
High color small -0.3799 0.0206. 0.5562 

large -0.0395- 0;155'3- 0;5842 
black small 0.0291 o.2s.1 r 0:4590 

large -0.1508 0.2899 0.5413 
Low color small -l.t750- ·0.7249 Ool7t4 

large - -O.<i890 -0.4092 0.4944 
black small -l.0314 -0.2536 0-.200-3 

large -0;7741 -0.4110 0.4531 

Discussion 

In Experiment l, it was found that roadway textures 
had an effect on driver estimation ofT,. This-combined with 
the velocity to T, relationship led Sidaway et al. and us to 
concluded that the increased rate of optical information led to 
participants perceiving an increased rate in velocity. In 
experiment 2, it was found that the size of the.target was a 
factor in their estimation of time-to-collision. It was also 
found that there were interaction between velocity, opticJlow 
and target size. This later resultmay imply a.different 
conclusio11- as to the texture/time-to-collision relationship. 
Themain effects and interactions.imply that the participants 
use a combination of the target and the environment in which 
it is placed in order to estimate time-to-collision. It-also may
be the case that subjects rely more on the target itself in-the 
absence of high optic flow. 



Experiment 3 

Experiments I and 2 revealed some interesting 
results-concerning the location-of focus during calculation of 
T,. It appears that the locus is a combination of factors 
aftecting the target (Experiment 2) as well as the enviromnent 
in whiclr it is placed (Experiments I and 2). Velocity, 
texture and the size of target all had an effect on thadriver_ 
estimation ofT,_ Flach, Smith and Standard(l997)provided 
some reasonable explanations for all of this. Thell- paper 
suggests that 'F, is determined using a constant rate of change 
ofthe visual angle subtended by the target. This theory 
accounts for the differences in size, texture, and velocity. 

For this to be the case, the subject must have an 
angle upon which to focus. Previous experiments havec 
primarily used circle or ball type objects that areidentical 
across all dimensions, leaving little data to determine the 
angle upon which axis the-subject focuses. There are a 
number of possibilities here. The participantmayfocµs on 
the short edge, long edge, horizontal axis, vertical axis, 
diagonal, or some combination thereof. The purpose of 
Experiment 3 was to determine the axis of the target upon 
which participants focus in a textured-free enviromnent. 

Experiment 3 uses a combination of J2 different 
targets in order to determine just where on the target the 
focus is in the determination of T ,. If it is found that the 
focus is on any one particular axis, the designer of the driving 
simulator or the driving simulator database and scenarios 
must take this into account. For example, if it where found 
that the-participants used all dimensions, it maynot entirely 
make sense for a non-symmetric resolution to be used in the 
projection or display of the scenario. A pixel resolution of 
1280xl024,may somewhat bias the estimateofT, in_ the 
horizontal direction. Perhaps,given a result such as this, a 
1280xl2SO, or even a !024x1024 would be suited fou 
simulated task. 

Method 

Participants. 16 adults participated with the same 
vision and incentives as in Experiments I and 2. The adults 
in Experiment 3 however ranged in age fronLI 8 - 29 years 

Materials. Location, software and hardware were11ll 
as in Experiments I and 2. 

Even of the targets used in Experiment 3 were made 
up of I Of more polygons. A complete list oftargetS-catl-be 
found in the Appendix. No roadway was displayed. Instead a 
flat white background was displayed. A sample of how a trial 
would appear on the screen can be found in Figure 3. 

Figure 3 

Design. A repeated:measures design was used. 
Approach-velocity and targettype were varied within 
participants. Approaches to the target were set at-20 Md 40 
km/hr. Viewing time wassetat2 seconds nn all trials. 
Time-to-collision (T0) was set at 2 seconds from the tmget at 
thetime-of-occlusion on alHrials. Afaetorial design-was 
used to present all combinations of the above factors. 
Distances -for-britial presentation-and--0eelusion-are-presented
in Table 5. Each combination was presented five times for a 
total of 120 trials. The trials were-presented in a different 
pseudorandom order for each participant. 

Table 3: Experiment2- Distances in meters from_ target at 
which roadway was visible (meters). 

Level Velocity(Km/hr) 
I :W- (Vi) 

2 40 (V,) 

Condition 
v, 
v, 

Start 
44.44 
22.22 

End 
22.22 
11.11 

Procedure. The data that were collected 011-the 
participants were identical-to-those collected in-Experiments 
I and 2. 

The instructions given t1> the participants-and the 
overall procedure were as in Experiment I and2, with-the 
exception of viewing time, which was fixed at 2 seconds on 
all trials. 

As in Experiments I and 2, the dependent variaWe 
was the difference between_ the actual T, and the estimated T, 
on each triaL 

Results. 

Average errors (actual 1', -estimated T0 }can be 
found fo!'all-24 conditions in-Table 6. Positive values 
indicate underestimation in 1', while negative values-indicate 
overestimation. Average errors in-time to collisi1>n were -2.55 
and -1.28 for the 40 km/ht and 20 km/hr-conditions 
respectively. 

A repeated measures analysis revealed main effects 
for velocity (F(I, 14) = 66.80, p < .00 I) andcvelocity 
(F(l l,154) = 38.67, p < .001). Greenhouse-Geisser 
corrections were used in all calculations when appropriate. 



Table 6: Experiment 3 - Actual T, - Estimated T, 

Velocity (Km/hr) 

20 40 

large square- 0.33 -0.27 
large square-small diamond 0.13 -0.63 
large_square-large diamond 0.36 -02<1 

IDJall square. -0.29 -UJ7 
small square-small diamond -0.51 -lo43 
filllllll~uar<>-large diamond -0.31 -0.78 

wideTectangle -0.07 -0.62 
really wide rectangle 0.36 -0.20 

tall Iectangle -0.03 -0.62 
really-tall rectangle 0.61 -0.11 

targe circle 0.26 -0.38 
small circle -0.41 -1.1~ 

The rank order of the above means for the 20 and 40 
Km/hr results are: 

20Km/hr 40Kmlhr 
reallv tall rectangle really talLrectangle 
large square-large diamonit really wide rectanide 
really wide rectangle large sauare-large diamond 
large sauare large square 
large circle large circle 
large square-small diamond wide rectangle 
tall rectan<>le- tall rectangle-
wide rectangle large square-small diamond-
small-sauare small sauare-large diamond 
small sauare-large diamond small square 
small circle small circle 
small square-small diamond small sauare-small diamond 

A Tukey analysis for the 20 Km/hr places the 
following shapes in non-significant difference categories:-

Gr-oup 1: 
Really Tall Rectangle 
Large Square Large Diamond 
Really Wide Rectangle 
Large Square 
Large Circle 
Large Square Small Diamond 

Group 2: 

Group 3: 

Large Circle 
Tall Rectangle 
Wide Rectangle 
Small Square 
Small Square Large Diamond 

Tall Rectangle 
Wide-Rectangle 

Small Square 
Small Square Large Diamond 
Small Circle 
Small Square Small Diamond 

A Tukey analysis for the 40 Km/hr places the 
following shapes_in non-significant difference categories: 

Group 1: 
Really Tall Rectangle 
Really Wide Rectangle 
LargeSquare Large-Diamond 
Large Square -
Large Circle 
W-ide Rectangle 
Tall Rectangle 
-Large Square Small Diamond 

Group 2: 
Wide Rectangle 
Tall Rectangle 
Large Square Small Diamqnd 
Small Square Large Diamond 
Small Square 
-Sma11-Circle 

Group 3: 
Small Square Large Diamond 
Small Square 
Small Circle 
Small Square Small Diamond 

Discussion 

The rankings are of interest when paired with the 
area of the target. When compared in this manner, the rank 
orderings match exactly the ranlrnrderings of the areas. This 
does not hold true for any of the other options discussed (i.e 
the horizontal axis, vertical aicis, etc.). For example, if the 
rank orders are compared with the long-axis, then the large 
square"large diamond should place below the really wide 
rectan_gle (1.41 meters as opposedio 2 meters). However, 
since both have an area of I square meter, they are 
interchangeable when ranked in this fashion. The tukey 
analysis supports this result as well. All six groups at the two 
velocities are almost perfectly divided-by area. At botl120 
and 40 Kmihr, Group 1 ranges from 050 m 2 to 1.00 m'. At 
20 and 40 Km/hr, Group 2 ranges from 0.25 m2 to 0.50 m2 

and 0.20 m2 to m2 0.50 respectively. Finally, at 20 Km/hr 
and 40 Kmihr Group 3 ranges from 0.13 m2 to 0.50 m2 and 
0.13 m2 to 0.50 m2 respectively. 

What this would appear to mean is that in a texture 
free environment, participants use somefunction of the area 
to estimate-'f,. This does not necessarily rule out the 
hypothesis presented by Flach et al. The hypothesis that 
participants use a function ofrate of angular change can be 



altered such that the rate of angular change is some function 
of the area of the target. For example, it may be the case that 
the angle may be calculated by using an imaginary circle of 
the same area as the non-radially symmetric targets that are 
usually encountered in thereat world. 

SUMMARY 

Driving simulators have the potential to make the 
testing oflntelligent Transportation Systems-such as-collision 
warning systems efficient and relatively inexpensive. 
However, this could only be accomplished-if the degree of 
realism required to do such is realized in the simulator. It 
was found here that the factors that drivers use to estimate 
time-to-collision with a stationary target on the open road are 
present on the driving simulator. However, it was also found 
that some corrections may be necessary for miscalculations in 
distance or velocity made by participants on the driving 
simulator. Additionally,it was found that tharate of"optic 
flow is one of the primary factors usedirLdetermining the T0 

with objects directly in front ofthat driver. Therefore, 
accurately textured surfaces ar" needed in- or-Oer t<> design 
correctly a scenario for a driving simulator. The image 
update rate may be vital here as well when it is considered 
that the human eye can update these textures up to200 times 
per second whereas the simulator being used was only 
updating 30 times per second. It was also found that the area 
of the target was directly related to the estimate oftime-to
collision. Therefore, objects used in collision scenarios and 
simulator scenarios in general must accurately match the 
objects found on the open road. These results_ also may imply 
that the resolution used during simulations of this t:ypashoulcl 
use a symmetricresolution, rather than the standarcl 
resolutions, which tend to be of higher grade-alongthe 
horizontal than the vertical (i.e. 1280xl024). These findings 
can be used to better develop future simulator driving 
conditions that could accurately predict performance-on-the
open road. 

Squares: 

Appendix 
Experiment 3 Targets 

(dimensions in meters) 
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