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Finding the fountain of youth for snowplows 
All state departments of transportation 
face the problem of when to replace 
snowplows and other fleet assets . 
Determining an optimal time for fleet 
managers to replace these assets could 
save the DOTs a significant amount of 
money: replacing too early requires a 
great deal of capital and replacing 
too late results in extra mainte
nance and operations costs for the 
older trucks. 

The current life-cycle standard 
is 12 years, but fleet managers 
are unsure of how this standard was 
established or if it is the best standard 
to follow. Furthermore, decisions about 
when to replace are often made based 
on the resources available for the year 
without planning for replacement ahead 
of time, resulting in a tendency to extend 
vehicle life rather than replacing on a 
regular basis. 

David Wyrick 

In a recent research 
study, David Wyrick, 
professor and head 
of the Department 
of Mechanical and 
Industrial Engineering 
at the University of 
Minnesota Duluth, 

took on these issues of snowplow fleet 
management. The primary objectives 
of his study were to investigate how to 
improve fleet operating costs through 
effective vehicle replacement, to vali
date (or challenge) the current vehicle 
life standard of 12 years, and to under
stand utilization issues at the Minnesota 
Department of Transportation. 

This research was conducted through 
the Northland Advanced Transportation 
Systems Research Laboratories, a pro
gram of the ITS Institute that studies 
comprehensive winter transportation 
systems and the transportation needs of 
small urban areas. 

For the study, Wyrick used the 
Equivalent Un iform Annual Cost 
(EUAC) method as one way to deter-

mine an appropriate life-cycle standard 
for Mn/DOT's fleet, focusing on the 
class 330 snowplow. This method ana-

lyzes the costs associated with owning 
a fleet asset throughout its life (includ
ing acquisition, operation, maintenance, 
and disposal costs) to reveal the time 
range with the lowest annualized costs. 
Over the life of a vehicle, the annual
ized acquisition cost comes down as 
the annual operating costs go up. Using 
EUAC, the researcher looks for the area 
in the middle after the acquisition cost 
has gone down enough and before the 
operating costs have gone up too high. 
This is the "window of opportunity" for 
replacing assets, Wyrick says. 

Good data were hard to find because 
of inconsistent entering and tracking 
of data, but Wyrick was able to make 
some tentative conclusions based on 
his analysis . He provided examples 
from two Mn/DOT districts: District 
6, in the southeast corner of the state, 
and District I, in the north. The results 
showed an average optimal life cycle of 
10.76 years for District 6, and 9.26 years 
for District I. These results were based 
on total cost per year of the vehicles. 

Assuming the results from Districts I 
and 6 can be generalized, if the life cycles 
of Mn/DOT's snowplows were reduced 
from 12 years to 8 years, Mn/DOT could 
save up to $330,000 per year statewide on 
the class 330 snowplows alone. In addi-

Evolving ITS paradigms topic of winter luncheon 

tion, there are other, intangible advan
tages to earlier replacement: newer vehi
cles get used more often, have improved 
technology and safety features, and are 
preferred by operators. 

The second aspect of Wyrick's study 
was utilization- how much the 

plows should be used each year. 
Unfortunately, snowplow per
formance requirements can be 
contradictory. On one hand, 
Mn/DOT districts are evaluated 

by how quickly they get down 
to bare lane after a snow event, 

which encourages having more plows 
to accomplish this faster. However, 
the standard utilization minimum for 
snowplows is 3,500 miles a year, which 
promotes having fewer plows. Wyrick 
observed that although it's important to 
use the plows the optimum amount, that 
amount isn't clear to DOTs because of 
competing performance measures. 

Wyrick says that a statewide life
cycle standard "may not be optimal" 
because of differences among districts 
and among individual vehicles. He sug
gests that life-cycle analysis could be 
conducted on an individual unit basis to 
dispose of problem vehicles earlier and 
to keep reliable vehicles longer. This 
could be done by using trend analysis, 
which tracks whether the cost is increas
ing or decreasing for each vehicle and 
then replacing those for which the costs 
are increasing, or by using a control 
chart, which tries to keep costs between 
specified upper and lower limits. Better 
data would be needed for those meth
ods, however, and Mn/DOT has plans 
to improve its information systems and 
data-entry practices. Since there is a 
potential for significant savings each 
year, the extra effort required for effec
tive life-cycle costing would likely be 
well worth it. [The final report of this 
research is available at www.cts.umn 
.ed u/publications/reports/stf.html.] 

- Kari Seppanen 

At the Center for Transportation 
Studies' winter luncheon February 
10, Hani S. Mahmassani will discuss 
the growing interrelationship between 
telecommunications and transportation 
and speculate about the implications 

in Civil and Environmental Engineering at the University of 
Maryland, where he is also the director of the Maryland 
Transportation Initiative. 

Hani Mahmassani of ongoing technological and market 
developments for ITS. One of these is 

the growing availability of real-time data about the state of 
the system and user behavior, such as for use in traffic man
agement or commercial fleet operation. 

Mahmassani is the first holder of the Charles Irish Sr. Chair 

The luncheon is cosponsored by the ITS Institute. An 
abstract of Mahmassani's presentation, "In Real Time, 
Virtually: Evolving Paradigms and Methodologies for 
Intelligent Transportation Systems," can be viewed at www 
.cts.umn.edu/events/luncheon/2005/winter/index.html. 

To register online for the event, go to http://register.cce 
.umn.edu and enter event ID# 177483. For more informa
tion, call612-624-4754 or e-mail smueffel@cce.umn.edu. 
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Program develops new test track capability 
Researchers wanting to improve traffic safety 
often tum to various interventions based on edu
cation, traffic engineering, or intelligent trans

portation systems (ITS). One example might be 
a vehicle seat that vibrates on the left or right 
side whenever a driver strays out of the Jane. 

How successful these interventions are 
depends on how they perform in the actual traf
fic environment for which they were designed. 
However, testing that begins in the controlled 
conditions of laboratories and driving simula
tors often cannot be reliably replicated in a more 
naturalistic test-track scenario. That may change 

as a result of work by researchers with the ITS 

Institute's HumanFIRST Program. On a recent 
project with automaker Nissan, they developed 
a new method of reproducing conditions previ
ously generated in a driving simulator in more 
natural, "real-world" driving environments. 

The advantages and limitations of 
controlling risk 

Nic Ward 

Although traditional experi
mental environments are 

removed from real-world 
driving conditions, there are 
both scientific and practi
cal reasons for developing 
interventions in a sequential 

research program that spans 
a range of research and testing environments, 
says Nicholas Ward, HumanFIRST Program 
director. 

"From a scientific perspective, this research 

process benefits from the control you have in a 
laboratory or simulator to test broader theories 
before validating those conclusions on a test 
track or in the field," Ward says. 

A critical requirement for transitioning 
research from controlled experiments in a simu
lator to more naturalistic studies in the driving 
environment is the ability to create comparable 
test scenarios for each of the different test envi
ronments. The test scenario defines the type of 
event that a participant experiences and what 
performance measures are used for evaluation. 

Driving simulators offer a number of benefits, 
Ward says. They allow precise control over all 
elements of the driving environment to create 
identical and repeatable experiences. They also 
allow researchers to analyze risky scenarios 
without endangering a participant. 

As a result, simulators are often used to design 
and evaluate safety interventions by developing 
crash scenarios that would not be feasible or 
ethical in the real world of test track and field 

studies. This means that the same scenarios 
generally are not used in the simulator and test 
track experiments in a research program. 

Creating a virtual safety net 
In support of a progressive research program, 
the HumanFIRST Program developed a new 
method to transfer controlled simulator sce
narios to test track (and field) studies with 
instrumented vehicles. One component of the 
method is an instrumented lead vehicle fitted 

with DGPS that operates within a digital map 
generated for the test environment. This vehicle 
is linked by wireless communication and DGPS 

to a test vehicle. Onboard computers produce 
specific driving scenarios, such as a specified 
speed profile with a determined braking event 

triggered either by a defined position on the 
test route or a set of conditions detected from 

monitoring the following test vehicle. These 
scenarios can be the same as those used in the 
driving simulator, as both are programmed with 
the same control logic. 

In this application, a prior simulator study 
examined driver response in a rear-end crash 

scenario during which the driver of the follow
ing car was distracted with a secondary task. 
This involved linking an eye tracker and the 
secondary task to the simulator so that the car
following scenario could be automatically trig
gered when distraction was detected. The lead 
vehicle would follow a specified speed profile 
and then "hunt" for the subject in the following 
car to move within a defined range of headway 
(to create a desired hazard level). When the eye 
tracker detected that the driver was distracted 
with the secondary task, a trigger would result 
in braking with a specified deceleration rate. 

In the test track study, the test vehicle was 
also equipped with an eye tracker and the sec
ondary task. The gaze direction of the driver 
and interaction with the secondary task was 
again used to define distraction. The onboard 
computer, linked to the control actuators of the 
lead vehicle, was programmed to autonomous
ly create a similar speed profile as used in the 
simulator study. The driver of the lead vehicle 

needed only to steer, since the parameters of all 

events were controlled precisely by the com
puter control system. 

The lead vehicle also communicated with the 

test vehicle. At a determined point in the sce
nario, the lead vehicle would hunt for the test 
vehicle and also monitor the output from the 
eye tracker and secondary task. As soon as the 
driver was distracted, the lead vehicle executed 
its specified scenario-braking event. By virtue 
of the DGPS and digital map, the test vehicle 
recorded the same types of data as the simulator 
with comparable levels of reliability. 

The second component of this method is a vir
tual "safety net." Rather than using a mechanical 
safety barrier to prevent a crash, the researchers 
devised a virtual barrier involving continuous 
communication between the two vehicles. An 
algorithm was developed to automatically trig

ger evasive acceleration in the lead vehicle and 
braking in the test vehicle if the headway was 
detected to move into a specified hazard region, 
Ward explains. In addition, a "watch dog" sys

tem continuously monitored the safety-critical 
components of the integrated system, and, if it 
detected failure, the system alerted the drivers 

with flashing lights and stopped both vehicles. 
The combination of the automated lead vehi

cle and safety net provides an ecological way 
to translate scenarios from a driving simulator 

to real-world conditions with the same level of 
data reliability and control without risking safe
ty, Ward says. Conversely, this system allows 
the researchers to replicate test track infrastruc
ture perfectly within the simulated environment. 
Moreover, the use of the safety net extends the 
range of risk that can be developed in the test 
scenarios. "In particular, because subjects are 
not aware of the safety net, we can 'safely' 

observe driver responses to situations that they 
perceive to be risky," he says. 

In these examples, the system is applied to 
a scenario with a pair of vehicles . However, 
Wards says the same protocols can be applied to 
supporting multiple-vehicle scenarios to allow 
controlled experiments of more complex traffic 
situations. 
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