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Research investigates effects of advance warning 
flashers at signalized intersections 

C
rivers approaching a sig
nalized intersection when 
the signal light changes 

from green to yellow are presented 
with a choice: slow down and prepare 
to stop for the red light, or continue 
on- possibly speeding up-to pass 
through the intersection. Depending 
on vehicle speed, the "decision zone" 
where drivers decide whether to stop 
or continue extends some distance 
ahead of the intersection itself. 

Advance warning flashers are gen
erally positioned before the decision 
zone and activated before the signal 
light itself changes from green to yel
low. Surveys have shown that advance 
warning flashers are popular with the 
public, and especially with operators 
of large commercial vehicles, which 
take much longer to stop than passen
ger cars. However, while the flashers 
do tend to reduce red light running for 
truck traffic, traffic researchers have 
not seen a clear correlation between 
advance warning flashers and a lower 
accident rate. 

Thomas Smith, a University researcher 
in the Department of Kinesiology, is 
investigating this issue in a project titled 
"Effects of Advance Warning Flashers 
at Signalized Intersections on Simulated 
Driving Performance." 

Studying drivers' reactions to advance 
warning flashers in the field is highly 
problematic because the devices are rel
atively uncommon and because it is dif
ficult or impossible to establish a con
trolled experimental environment in 

The type of intersection under investigation 
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An intersection in the virtual environment 

which variable parameters can be test
ed individually, Smith says. The 
Human Factors Research Laboratory's 
wrap-around driving simulator has 
allowed Smith's research team to 
bypass these pitfalls and create a pre
cisely regulated driving course that 
includes multiple flasher-equipped 
intersections. The virtual route is based 
on a set of roads in the southwest Twin 
Cities metro area in order to facilitate 
comparison between simulator results 

and real-life traffic observations. 
Measures of driving performance, 

including speed, acceleration, decelera
tion, and braking, were recorded for 
research subjects as they navigated the 
virtual roadways. These data were then 
tabulated and analyzed to uncover 
trends and correlations indicating pat
terns of driver behavior under specific 
test conditions. 

After analysis of the experimental 
data, the researchers concluded that 
advance warning flashers often improve 
stopping behavior at suitable intersec
tions. But as is so often seen in human 
factors research, human response to a 
complex situation is not as simple as a 
linear relationship, Smith adds. In this 
case, variability in human response 
resulted in some drivers making a more 
aggressive- and risky-decision to 
proceed through the intersection. This 
finding has obvious implications for 
field implementation of advance warn
ing flashers at dangerous intersections. 

Beverly Farraher of the Minnesota 
Department of Transportation, who 
served as the technical liaison on the 
project, agrees that the use of advanced 
warning flashers is a complex issue. 
"Their benefits are not rigorously quan
tified for standard signal system appli
cations," she says, and so not all traffic 
engineers support their implementation. 

One result that emerged from the 
study was that under a speed limit of 50 
mph, advance warning flashers reduced 
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Chihak honored as Student of the Year 

B enjamin Chihak, a graduate research assistant in 
the ITS Institute's HurnanFIRST Program, has 

received the Institute's Outstanding Student of the Year 
Award for 2001. 

Chihak's contributions to the HurnanFIRST Program 
include the analysis of data lo explore various passing 
lane configurations and the design and implementation 
of a custom audio system for a new driving simulator. 

Previously, Chihak was a research assistant with the 
Human Factors Research Laboratory, where he worked 
on the Intelligent Vehicle Initiative Field Operational 
Test Program. In other projects, he conducted a technical 
review of technologies to combat right-angle crashes at 
rural intersections, collected and analyzed data for inves
tigating the effectiveness of rumble strips, and developed 
an educational tool to assist lay people in their under-
standing of human factors. · 

"Receiving this award demonstrates to me that human 
performance continues to be recognized on an institu
tional level as a key component of the ITS universe," 
Chihak says. 

Chihak is working towards a Ph.D. in cognitive psy
chology at the University of Minnesota and plans to one 

day work in a policyrnaking capacity for the federal gov
ernment. Chihak received the award in January at the 
Transportation Research Board 81 st Annual Meeting in 
Washington, D.C. The award was presented by Ellen 
Engleman of the USDOT's Research and Special 
Projects Administration, Mary Peters of the Federal 
Highway Administration, and Jennifer Dorn of the 
Federal Transit Administration. 

Ben Chihak (second from left) receives the award from 
USDOT administrators Mary Peters, Jennifer Dorn, and Ellen 
Engleman. 
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unsafe stops and red-light running, but at a 
speed limit of 65 mph the positive effect 
disappeared. This may be due to differ
ences in decision making depending on 
how much time is available to make the 
decision. 

Humans, Smith says, make decisions in 
different ways depending on how much 
time they have to decide. If an immediate 
response is required, decisions are made on 
a psychomotor level; these are often char-

acterized as "instinctive" or "reflex" 
responses. However, if more time is avail
able, decisions are made on a cognitive 
level. In this type of decision making, the 
individual has sufficient time to consider a 
range of different possible responses to the 
situation. 

effectively starting the decision process 
sooner, advance warning flashers extend 
the time available for decision making at 
intersections, and this can result in a change 
from psychomotor to cognitive decision 
making as the driver approaches a signal. 

Smith recommends that traffic planners 
carefully examine the characteristics of any 
intersection where the installation of 
advance warning flashers is considered. 

In general, psychomotor decision making 
is focused on avoiding danger; cognitive 
decision making may favor more risky 
behavior under certain circumstances. By - Peter Nelson 

Institute researcher seeks to increase highway capacity 

T he highways around major metropolitan areas become more 
crowded every day, as annual increases in traffic demand 

outpace all efforts to increase highway capacity. Where new road
way construction is feasible, costs in metropolitan areas may be as 
high as $30 million per mile of new roadway. 

If roadway expansion alone cannot stop congestion, many 
researchers believe the solution may lie in advanced technologies 
for the passenger vehicle. Rajesh Rajamani, Nelson Assistant 
Professor in the Department of Mechanical Engineering, is explor
ing an emerging vehicle-based technology that may increase the 
carrying capacity of existing urban highways. 

How close is too close? 
As an example of an in-vehicle technology that may play a part in 
reducing congestion in the future, Rajamani points to Adaptive 
Cruise Control (ACC) systems, which use radar sensors to monitor 
the gap between the ACC-equipped vehicle and the vehicle ahead. 
Although ACC is marketed and used as a convenient enhancement 
to standard cruise control, that role may change as ACC becomes 
as ubiquitous as regular cruise control is today. In theory, ACC has 
the capacity to "squeeze" more vehicles onto a roadway by 
enabling them to operate closer together than they could using 
human control alone. 

Rajamani, with Professor Panos Michalopoulos and Assistant 
Professor David Levinson of Civil Engineering, asked what would 
happen if the time gaps between vehicles were reduced. Today's 
ACC systems use a policy known as "constant time-gap" to control 
vehicle spacing- vehicles maintain a constant spacing of roughly 
two seconds between themselves and the vehicle ahead, which cor
responds to a distance of roughly 60 meters at highway speeds. If 
this time gap could be reduced to one second or less while main
taining safety, highway capacity would increase substantially. 
However, the team found significant barriers to implementing a 
shorter constant time-gap. 

In simulations of traffic flow, the flow rate ofvehicles through a 
highway segment increases as density of vehicles on the roadway 
increases. If vehicles operated at a single, constant speed, this sim
ple linear relationship would point the way to increasing capacity. 
But vehicles do not behave this way in the real world. In addition 
to braking and acceleration in response to changing traffic patterns 
or unanticipated movements by other vehicles, vehicles will change 

speeds due to the ACC system's continual readjustments as it 
receives sensor data and recomputes the desired spacing. 

Over the length of a hypothetical roadway segment, the "stabili
ty" of the traffic flow depends on whether these "errors"-devia
tions from constant speed- are magnified or diminished as they 
propagate through the flow of traffic. If a small slowdown by one 
vehicle leads to greater and greater decelerations by other vehicles 
as they adjust to it and to each other, the system will rapidly become 
unstable and may reach a state in which vehicles on the same 
stretch of roadway are operating at radically different speeds, 
despite the best efforts of their computerized speed controllers and 
their human operators. The researchers have shown that the con
stant time-gap policy is stable on a discrete, circular "highway," but 
unstable under many other boundary conditions. 

Human reaction time is also a factor that must be accounted for. 
With less space between cars, it becomes more difficult for the driv
er to react to changing traffic conditions quickly enough to avoid a 
crash. The solution to this dilemma is to give the ACC system the 
authority to initiate hard braking and work down to zero speed 
without input from the driver. But this solution makes it imperative 
that the ACC system be totally reliable. 

Next-generation ACC 
In fact, the relationship of flow rate to traffic density under the con
stant time-gap regime reaches a maximum and then begins to 
reverse, as further increases in density result in greater and greater 
decreases in traffic flow volume. Plotting this relationship on a 
graph reveals a curve that rises to a maximum and then falls off as 
density increases. However, the team's research has established that 
it is possible to design new spacing policies that are unconditional
ly stable over a wide range of operating densities- a result of great 
interest to the developers of next-generation adaptive cruise control 
systems for future highways. 

By a process of "reverse engineering," it is possible to start with 
a graph of the desired relationship between traffic density and flow 
rate and work backwards to derive the formula that describes the 
curve. This formula may then serve as the basis for a new algorithm 
governing spacing between vehicles. As ACC systems become 
more common, this research may help keep highways flowing 
freely even in heavy traffic. 

- Peter Nelson 
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