
Research explores role of software in critical 
transportation systems 

without the pilot ever know
ing. In a more down-to-earth 
application, drive-by-wire 
could provide functions
like rear-wheel steering- that 
are impossible to implement 
using conventional mechani
cal systems. Such systems 
also promise to be cheaper to 
build than mechanical sys
tems, as chips and wires 
replace expensive hydraulic 
cylinders and machine parts. 

W
hen the software 
on your desktop 
computer crashes, 

you get a headache. But when 
the software in question is 
controlling the tail flaps of a 
jet aircraft-or the steering 
system of a minivan- the 
results can be catastrophic. 
Mats Heimdahl, associate 
professor of computer sci
ence and engineering at the 
University of Minnesota, is 
exploring problems faced by 
software engineers in a world 
increasingly dependent on 
computers. Heimdahl's 

Mats Heimdahl, right, with students Peiquen Chen and 
Devaraj George. 

Nevertheless, introduction 
of software control typically 
brings the systems to a new 

Critical Systems Research Group 
(CriSys) has received funding from 
the National Science Foundation, the 
Defense Department, and NASA to 
explore issues in critical systems, 
and from the Minnesota Department 
of Transportation to investigate soft
ware issues in critical transportation 
systems. 

"Fly-by-wire" avionics systems, in 
which the control surfaces and 
engines of an airplane are controlled 
by computers and software rather 
than steel cables and hydraulic lines 
connected directly to the pilot's con
trols, are a good example of a safety
critical system. 

But computerized controls are not 

just for airplanes anymore. "Drive
by-wire" systems are currently being 
developed, and Heimdahl predicts 
that such systems, used to control 
steering, braking, and other func
tions, will soon be as common m 
consumer automobiles as in com
mercial jetliners. 

One advantage of fly-by-wire that 
could extend to drive-by-wire is that 
a computer can perform many addi
tional tasks beyond simply executing 
the vehicle operator's commands. 
For example, in addition to imple
menting commands from the pilot's 
controls, the computer can perform 
constant adjustments to keep a natu
rally unstable plane flying smoothly, 

Troopers say new vision 
technology could make for 
safer driving 

I
n September, members of the ITS Institute's 
Intelligent Vehicles Lab and HumanFIRST Program 
tested their Vision Enhancement System (VES) with 

those who may one day use it on the job. 

level of complexity. The soft
ware often causes new and unforeseen 
interaction between systems that were 
unrelated before computer control was 
introduced to tie them together; these 
unforeseen interactions can have cata
strophic consequences. Finally, as the 
automation becomes more complex, 
the opportunities for operator confu
sion increase. "It becomes imperative 
to provide the operator with a seam
less, predictable set of controls and 
instruments that mimic the operating 
qualities of a mechanical system," says 
Heimdahl. All of these factors can 
make software development a major 
cost driver for new products. 

The increased use of software in 

Software continued on back page 

In a patrol car outfitted with VES technologies, 10 
Minnesota State Patrol troopers drove a test track at 
Brainerd (Minn.) International Raceway and offered 
opinions about the system that is designed to improve 
safety under conditions of poor visibility, such as at 
night or in fog or snow. Safe travel in such conditions is 
vital for troopers and other emergency vehicle operators. 

Patrol car outfitted with the Vision Enhancement System 

The VES incorporates technologies first developed 
for use in a prototype snowplow, including Differential 
Global Positioning System (DGPS) technology, high
accuracy digital road maps, a "virtual" rumble strip, 
and a head-up display (HUD). The result is a projected 
virtual view of the roadway with lane boundaries 
shown on a screen in front of the vehicle's windshield 
where the driver can easily view it without looking 
away from the road. If the driver does stray outside the 
boundaries, the system issues a warning. 

With operational testing of the system scheduled for 

later this fall, researchers wanted to collect preliminary 
data on the performance of the VES and examine how 
the system affects driver speed choice and perception, 
which may be related to crash risk. 

The study was led by Dr. Nicholas Ward, director of 
the HumanFIRST Program. Participating Intelligent 
Vehicles staff included program director Dr. Craig 
Shankwitz and research fellows Alec Gorjestani, who 
monitored the system throughout the tests, and Bryan 
Newstrom, who created the geospatial database for the 
racetrack course. 

Tests were run at night, and conditions of reduced 
VES continued on back page 

HUMAN-CENTERED TECHNOLOGY TO ENHANCE SAFETY AND MOBILITY 
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Software from front page 

critical systems presents a new kind of 
challenge to engineers designing 
advanced vehicles, because software is 
not limited by the physical laws that con
strain mechanical systems. Software's 
infinite flexibility can tempt designers to 
add a feature here, or make a minor 
change there, with consequences that are 
not fully understood until the system is 
nearing completion. And because soft
ware, unlike hardware, is essentially 
invisible, its complexity may not be 
apparent until it is too late to correct a 
problem. 

The ability to formally specify the 
requirements for a software system, and 
to use this specification as a model for the 
development of the actual software, is a 
powerful technique for overcoming these 
challenges. To this end, Heimdahl and his 
students in CriSys have developed an 
approach- called s peci fi cation-based 
prototyping- to simulate and validate 
formal specifications for process-control 
systems. 

Within the context of specification exe
cution and simulation, specification-

VES from front page 

based prototyping combines the advan
tages of traditional formal specifications 
(such as precision and easy analysis) with 

Heimdahl 

recommends educating 

all engineering 

disciplines in the 

methods of software 

engineering 
the advantages of rapid prototyping (such 
as risk management and early end-user 
involvement). The approach lets an engi
neer refine a formal executable model of 
the system requirements to a detailed 
model of the software requirements. 

Throughout this refinement process, 
the specification is used as an early pro
totype of the proposed software. By using 
the specification as the prototype, most of 
the problems that plague traditional code
based prototyping disappear. First, the 

formal specification will always be con
sistent with the behavior of the prototype 
(excluding real-time response) and the 
specification is, by definition, updated as 
the prototype evolves. Second, the risk of 
evolving the prototype into a poorly 
designed production system is largely 
eliminated. Finally, the dynamic evalua
tion of the prototype can be augmented 
with formal analysis. 

In order for control-by-wire systems to 
achieve their full potential, Heimdahl 
advocates more research in the area of 
software development for safety-critical 
systems. In addition, he recommends 
educating all engineering disciplines in 
the methods of software engineering
not just "programming." Software engi
neers should themselves be educated in 
the methods of traditional engineering 
discipline, to enable them to approach the 
design of critical software systems with 
the rigor of mechanical or electrical engi
neering. 

- Peter Nelson 

visibility were simulated by using headlight covers to reduce 
light transmission. 

Drivers were given several options for how lane boundaries 
were displayed on the HOD- longer versus shorter previews, 
solid versus dashed lines. Officers were told to drive the course 
at a safe and comfortable speed, except for one section where 
they were instructed to drive to a set speed without looking at 

For preview options, most officers preferred the longer pre
view on the unfamiliar route because it gave advanced warning 
of curves ahead, but reached no consensus on a preference for 
solid versus dashed lines. Based on test results, researchers plan 
to incorporate some improvements into the system- for exam
ple, adding a collision avoidance component. Researchers also 
learned that any training should emphasize the need for drivers 

the speedometer. Afterwards, officers 
completed a questionnaire from which 
the researchers assessed factors such as 
speed perception, mental workload, and 
user acceptability. 

to scan the entire roadway, Ward says. 

Most troopers reported that they 
thought the YES would improve safety, 
particularly on highways and rural roads, 
but that specialized training would be 
required to use it and to maintain scan
ning of the full road· scene {thus.avoiding .: J(,~e_wproj(fded qn the f!UD shows lane bound-
" . . , ; ·· ·· · ' • .. .. anes and an approachmg curve that would 

This research is part of the larger three
year Intelligent Vehicle Initiative (IVI) Field 
Operational Test Program, which is funded 
by the Federal Highway Administration, the 
Minnesota Department of Transportation 
(Mn/DOT), and industry partners. The IVI 
project is directed by Mn/DOT, with the 
Institute's Intelligent Vehicles Lab leading 
the technology development and systems 
integration. 

. tunnel VISIOn directed to the HUD). . otherwise not be visible to the driver. The HumanFIRST (Human Factors 
"All officers reported that they could 

recognize possible safety benefits for using such a system under 
very poor visibility conditions," Ward said. Because of the 
apparent improved safety, all officers had a positive attitude 
toward the system, he added. Although the troopers noted that 
the system might require more mental and visual effort to use, 
they felt it could be used safely with proper training, Ward said. 

Interdisciplinary Research in Simulation 
and Transportation) program is a new effort sponsored by the ITS 
Institute to conduct research on driver performance and system 
design in relation to surface transportation. 

Look for more coverage of the new HumanFIRST Program in 
an upcoming issue of the Sensor. 

The University of Minnesota is an equal opportunity educator and employer. This publication is available in alternative fonnats upon request; call CTS at 612-626-1077. Printed on recycled paper with 20% poslconsumer waste. 
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