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Dynamic route clearance: saving time, saving lives 

F or a heart attack victim, 

a few minutes of delay 
in receiving medical 

attention can mean the difference 

between life and death. The nation
wide 911 system saves lhousands of 

lives by reducing the response time of 
emergency vehicles. But after being 

dispatched, even highly skilled emer

gency response personnel can be 

slowed down by red lights or, worse, 

find themselves stuck in traffic as 
motorists struggle to clear the roadway. 

Improving the quality of emergency 

services that rely on our surface 
transportation system is among the 

most important goals of intelligent 
transportation systems research. At the 

ITS Institute, a research group led by 
Dr. Eil Kwon is exploring dynamic 
route clearance for emergency vehi

cles, a technology that promises to 
reduce emergency response times 
whilt: minimizing traiTic disruption for 

other motorists. 

Traffic Signal Preemption 
Eliminating red lights along the route 
of an emergency vehicle can give 
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Dynamic route clearance for emergency vehicles could reduce emergency response 
times while minimizing traffic disruptions. 

emergency response teams a critical systems, they consist of some form of 
speed boost. Not only is the emer- vehicle-mounted signal emitter (such 

gency vehicle able to proceed without 
slowing or stopping at intersections, 

but traffic on crossing streets is pre
vented from entering the route, so traf
fic volume is effectively reduced 
around the emergency vehicle. 

Several commercial systems are 
available to accomplish this goal. 

Known as Traffic Signal Preemption 

as an infrared beam or low-powered 

radio transmitter) combined with sen
sors mounted on or near traffic sig
nals. The 3M Corporation's 
Opticom™ system, which uses vehi

cle-mounted infrared emitters, ts a 
leading example. 

When triggered by the emergency 
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New system helps capture the driving experience 

F
or human factors researchers, one of the tern collects data on muscle (EMG) and brain (EEG) 

most significant chal
lenges in working 

with human test subjects is obtain

ing reliable data about the sub
jects' experience during the test. 

Post-test questionnaires and inter
views are commonly used to obtain 
these data, but such tools are limit
ed in that they require test subjects 
to remember and report their 
thoughts and reactions after the test Electrodes attached to a test subject in the driv-
. ing simulator. 
ts over. 

The HumanFIRST Program has 

recently purchased specialized 
equipment to enable researchers to 
monitor subjects' psycho-physio
logical reactions in real time during 
in-vehicle testing. The portable sys
tem can be used both in vehicle 

simulators and on the road while 
driving. Using small electrodes 
attached to the test subject, the sys- Viewing data collected on muscle and brain activ-

ity, heart rate, and eye movement. 

activity, as well as heart rate 
(EKG) and eye movement (EOG). 

The expertise required to oper
ate the system has been devel

oped through partnerships with 

Professor Christopher Patrick of 
the University of Minnesota's 
Department of Psychology and 
visiting scientist Dr. Dick de 
Waard from the University of 
Groningen, the Netherlands. 

Initial uses for the system will 
include investigation of alcohol 
impairment of driver cognitive 

and emotional performance in a 
simulated environment. Future 
projects include using psycho
physiological data to measure 
mental effort and stress related to 
distraction, fatigue, and other 

performance impairments. 
- Peter Nelson 
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Route clearance from front page 

vehicle's transmitter, these sensors activate 

a control mechanism that alters the traffic 

signals' timing cycle. The 

result is that traffic signals 

change to green more quickly 

when a transmitter-equipped 

vehicle is approaching, and 

stay green until the vehicle 

has cleared the intersection. 

Although intersection-

based signal preemption with 

local detection has proven 

effective in reducing emer

gency response times and has 

been widely adopted, this Eil Kwon 

approach has several limita-

tions. Chief among these is the fact that a 

vehicle-mounted signal transmitter must 

have a clear "line of sight" to the traffic 

signal in order to trigger the preemption 

routine. Further, it is possible to have 

unnecessary preemption for the intersec

tion signals that are not on the emergency 

route if they happen to be located in the 

line of sight. 

This problem becomes particularly 

acute in urban areas, where emergency 

vehicles must make frequent turns and 

where closely spaced buildings block the 

preemption signal at corners. And in con

gested city traffic, even when the preemp

tion signal is received relatively early in 
the emergency vehicle's approach to a traf

fic signal, it may be difficult for motorists 

to clear the intersection in time. 

A Dynamic Approach 
Dynamic route clearance goes beyond 

intersection-based signal preemption by 

managing the entire route that the vehicle 

takes from dispatch to emergency scene. 

In a dynamic system, a network monitor

ing module continually gathers traffic 

information and passes these data to a 

route selection subsystem. The subsystem 

then calculates an optimal route based on 

monitored by the central system, which 

intervenes in signal timing as appropriate. 

Mathematically determining the best 

(i.e., lowest travel time) route is an exam

ple of the "single-source 

shortest path" problem; 

to solve it, the route 

selection module 

employs the well-known 

Dijkstra 's algorithm. In 

this case, the network 

monitoring module first 

computes travel time 

between points consid

ering current traffic 

conditions, and the algo

rithm computes the 

"shortest" route in terms 

of time rather than space. 

As soon as the emergency vehicle clears 

an intersection, the system initiates a sig

nal-timing recovery procedure to return 

the signal to its original pattern. Kwon's 

system, designed around the signal poli

cies of Minneapolis, adjusts the "Walk" 

interval of the crossing street (whose sig

nal was blocked during preemption) to 

return the system to its original state. 

Simulation and Testing 
To evaluate the route-based dynamic pre

emption system, Dr. Kwon and his team 

used VISSIM microscopic traffic simula

tion software interfaced to an external vir

tual control center module, which was 

developed by the researchers using the C 

programming language. 

Key capabilities of VISSIM for this 

application included its ability to model a 

set of detectors that can detect only emer

gency vehicles. A virtual intersection con

troller module was also developed to emu

late different types of signal preemption 

strategies including the existing method 

with local detection. Because the current 

version of VISSIM does not permit the 

route of an emergency vehicle to be speci

fied during the simulation, testing the 

focused purely on the effectiveness of 

dynamic signal preemption with a pre

specified route. 

The streets around the University of 

Minnesota's Minneapolis campus were 

selected as the sample network for this 

evaluation. This area has 33 signalized 

intersections, which are operated in a pre

timed, coordinated mode. Geometric data 

on the test area were collected from aerial 

photographs, and detailed traffic data 

including volume, signal timing, and cur

rent preemption sequences were provided 

by the City of Minneapolis Traffic 

Operations Center. 

For calibrating the simulation model, 

actual travel time data for emergency vehi

cles on three routes were collected in 

cooperation with the University Police 

Department. Two of the three routes cho

sen are equipped with the Opticom signal 

preemption system, which uses a vehicle

mounted light beam to activate the pre

emption routine. 

Results 
Simulation of multiple distinct routes 

revealed that route-based dynamic signal 

preemption produced superior results on 

relatively long and complicated routes 

when compared to the existing intersec

tion-based preemption method. For exam

ple, emergency vehicle travel times under 

the dynamic systems showed reductions 
ranging from 9 to 12 percent on a relative

ly straight route, and from 10 to 16 percent 

on a complicated route. 

Network-wide traffic performance was 

also evaluated from the point at which the 

emergency vehicle was introduced into the 

simulation until the end of the simulation 

period 30 minutes later. Total vehicle

hours of travel and delay per vehicle data 

show comparable or better results under the 

dynamic preemption method when com

pared to intersection-by-intersection signal 

preemption, even while the emergency 

vehicle itself realizes a significant travel 

current conditions. As the emergency vehi- online route selection module was not per- time reduction. 

cle travels along this route, its location is formed in this study; this phase of testing - Peter Nelson 
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