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time period. Note that the costs at each 0.1 mi concerned and five adjacent 0.1 mi units were
summed (0.6 mi = 1 km) to estimate the costs per kilometer. ............cceeveeviierireiienieenieens 90
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EXECUTIVE SUMMARY

Animal—vehicle collisions affect human safety, property, and wildlife, and the number of
animal—vehicle collisions has been increasing in many regions across North America. For this
project The Western Transportation Institute at Montana State University (WTI/MSU) evaluated
a relatively new mitigation measure aimed at reducing animal—vehicle collisions while allowing
animals to continue to move across the landscape. WTI/MSU evaluated different types of animal
detection systems from different manufacturers with regard to system reliability and operation
and maintenance aspects. Animal detection systems detect large animals (e.g., deer, elk, moose,
or pronghorn) as they approach the road. When an animal is detected, signs are activated
warning drivers that large animals may be on or near the road at that time. Previous research has
shown that, depending on road and weather conditions, the warning signs can cause drivers to
reduce their speed. Warning signs may also result in more alert drivers, which can lead to a
substantial reduction in stopping distance: 20.7 m (68 ft) at 88 km/h (55 mi/h). Finally, research
from Switzerland has shown that animal detection systems can reduce ungulate—vehicle
collisions by as much as 82 percent.

The main objective of this project was to evaluate the reliability of different animal detection
systems from different manufacturers at the same site under similar circumstances and to
recommend minimum standards for system reliability. A test facility (Roadside Animal
Detection System (RADS) test-bed) was constructed near Lewistown, Montana. Nine different
animal detection systems from five different manufacturers were installed to detect horses and
llamas that roamed in an enclosure. Data loggers recorded the date and time of each detection for
each system. The animal movements were also recorded by six infrared cameras with a date and
time stamp. By analyzing the images and the detection data, researchers were able to evaluate the
system for a variety of reliability parameters.

The results of the reliability tests showed that different detection technologies detect large
animals more or less frequently as an animal passes through the detection area or line of
detection. The percentage of false positives (i.e., a detection is reported by a system but there is
no large animal present in the detection zone) and the average number of false positives per hour
was relatively low for all systems (<1%; <0.10/hr). The percentage of false negatives (i.e., an
animal is present in the detection zone but a system failed to detect it) and the average number of
false negatives per hour was highly variable (0-31%; 0-1.61/h) (all types of false negatives
combined). The percentage of intrusions (i.e., animal movements across the detection line) that
were detected varied between 73 and 100 percent. The results suggest that some animal detection
systems are quite reliable in detecting large mammals with few false positives and false
negatives, whereas other systems have relatively many false negatives.

The reliability of animal detection systems is influenced by a range of environmental conditions.
High winds were associated with an increase in different types of false negatives for most
passive infrared area-cover systems (i.e. systems that detect an animal within a certain range of a
sensor, mostly through passive infrared or radar technology). High winds were associated with
both an increase in false positives and a decrease in false positives for different types of systems,
suggesting that passive infrared area-cover systems become less sensitive with high winds
whereas break-the-beam systems (i.e. systems that detect an animal when the animal blocks or
reduces a signal (active infrared, laser or radar) transmitted by a sensor and received by another
sensor) that rely on a very narrow beam may start generating false positives, presumably because
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the sensors sway slightly in and out of alignment. The latter suggests the importance of a stable
foundation and pole for break-the-beam systems. Stable foundations and poles may also be
beneficial to passive infrared area-cover systems, but it is unclear if the increase in false
negatives for such systems is caused by movement of the sensors that tend to be higher up on a
pole than sensors for break-the-beam systems, or by vegetation or pockets of hot and cold air that
move in the wind across the detection zone. The effects of wind direction are hard to interpret,
but it may be that winds oriented perpendicular to the systems caused vegetation or pockets of
hot and cold air to trigger systems more often than winds oriented more parallel to the systems.
Higher temperatures are generally associated with higher error rates. This could be due to
temperature causing reduced performance of the equipment. In addition, passive infrared systems
may not be able to distinguish clearly between pockets of hot air and moving animals. However,
higher temperatures are concentrated in time (summer) and it is possible that factors other than
temperature caused more errors in summer. Animal behavior and possible effects on the
likelihood of correct detections and errors may have also been influenced by temperature. Three
systems had fewer false negatives during the night compared to during the day. This may be
related to lower temperatures or higher contrasts in temperatures of the animals and their
surroundings during the night. However one system had more false negatives during the night
compared to during the day. Excellent visibility was associated with fewer false positives for a
break-the-beam system, which suggests that relatively low visibility may block or reduce the
narrow signal path of optical break-the-beam systems. It is unclear why excellent visibility was
associated with an increase in false negatives for one of the area-cover systems. Precipitation
was rarely observed during the test periods and its effect on system reliability is unclear.
However, higher relative humidity was mostly associated with an increase in errors, and to a
lesser extent with a decrease in errors. Finally, llamas were substantially harder to detect for
most systems, especially passive infrared area-cover systems, than horses, probably because of
their smaller body size.

Three stakeholder groups—employees of transportation agencies, employees of natural resource
management agencies, and the traveling public—were surveyed with regard to their expectations
on the reliability and effectiveness of animal detection systems. There was considerable
agreement in the responses of the three groups. Based on the results from the survey, the
researchers recommend the following performance requirements for the reliability and
effectiveness of animal detection systems:

e Animal detection systems should detect at least 91 percent of all large animals that
approach the road.

e Animal detection systems should have fewer than 10 percent of all detections be false.

e Animal detection systems should result in at least 71 percent reduction of wildlife—
vehicle collisions.

The recommended performance requirements for the reliability of animal detection systems were
compared to the results of the reliability tests. Five of the nine systems tested met the
recommended performance requirements for reliability. However, experiences with installation,
operation and maintenance showed that the robustness of animal detection systems may have to
be improved before the systems can be deployed on a large scale.

This report also presented a concept of operation and a review of Intelligent Transportation
System (ITS) architecture and infrastructure for animal detection systems. Currently, roadside
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animal detection systems present drivers with warnings displayed on road signs. In the future,
roadside animal detection systems may also transmit warning signals to traffic approaching a
location where a large animal has been detected on or near the road. This procedure would
require a two-way GPS-based communication system. With animal detection system
deployments becoming more numerous, standards for communication and ITS integration will
have to be further developed and accepted.

Finally, the researchers reviewed seven sites in Montana for the potential installation of an
animal detection system.

Based on the results of the study, the researchers concluded:

¢ Different detection technologies detect large animals more or less frequently as an animal
passes through the detection area or line of detection. This implies that care must be taken
in evaluating the reliability of different technologies, and in comparing them to other
systems or minimum performance requirements.

e The percentage of false positives and the average number of false positives per hour was
relatively low for all systems (<1%; <0.10/hr). False positives do not appear to be a major
concern with regard to the reliability of animal detection systems.

e The percentage of false negatives (all types of false negatives combined) and the average
number of false negatives per hour under the test circumstances was highly variable (0—
31%; 0-1.61/hr). The percentage of intrusions (i.e., situations where at least one animal
was present in the detection area) that were detected varied between 73 and 100 percent.
The results suggest that false negatives are a major concern for some animal detection
systems, but not for others.

e Environmental conditions influence the reliability of animal detection systems. Therefore
the environmental conditions at a site should be carefully evaluated before selecting a
suitable system. In addition, since the size of the species affects the reliability of some of
the systems, it is also important to consider the size target species and how that may
affect the reliability of a particular system. Besides system reliability, system robustness
(i.e. consistent performance over time, low monitoring and maintenance effort), size of
the equipment (landscape aesthetics), and the road length that the sensors are able to
cover needs to be considered.

e The recommended performance requirements for the reliability of animal detection
systems were compared to the results of the reliability tests. Five of the nine systems
tested met the recommended performance requirements for reliability. However,
experiences with installation, operation, and maintenance show that the robustness of
animal detection systems may have to be improved before the systems can be deployed
on a large scale.

e Currently, roadside animal detection systems present drivers with warnings displayed on
road signs. In the future, roadside animal detection systems may also transmit warning
signals to traffic approaching a location where a large animal has been detected on or
near the road. With animal detection system deployments becoming more numerous,
standards for communication and ITS integration will have to be further developed and
accepted.
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1. INTRODUCTION

Author: Marcel P. Huijser, Western Transportation Institute, College of Engineering, Montana
State University

1.1. Background

Animal-vehicle collisions affect human safety, property, and wildlife. In the United States, more
than 90 percent of animal-vehicle collisions involve deer (Hughes et al., 1996), with the total
number of deer—vehicle collisions estimated at more than one million per year (Conover et al.,
1995). These collisions were estimated to cause 211 human fatalities, 29,000 human injuries, and
over $1 billion in property damage a year (Conover et al., 1995). These numbers are likely to
have increased even further over the last decade (Hughes et al., 1996; Romin & Bissonette, 1996;
Anonymous, 2003). In most cases, the animals die immediately or shortly after the collision
(Allen & McGullough, 1976). In some cases, it is not just the individual animals that suffer;
some species are also affected on the population level and may even be faced with a serious
reduction in population survival probability (e.g., van der Zee et al., 1992; Huijser & Bergers,
2000; Proctor, 2003). In addition, for some species a monetary value (e.g., hunting, recreation) is
lost to society once an individual animal dies (Romin & Bissonette, 1996; Conover, 1997).

Historically, animal—vehicle collisions have been addressed through signs warning drivers of
potential animal crossings. In other cases, wildlife warning reflectors, mirrors or wildlife fences
have been installed to keep animals away from the road (e.g., de Molenaar & Henkens, 1998;
Clevenger et al., 2001). However, conventional warning signs appear to have only a limited
effect because drivers are likely to habituate to them (Pojar et al., 1975). Also, wildlife warning
mirrors or reflectors may simply not be effective (Reeve & Anderson, 1993; Ujvari et al., 1998).
Furthermore, wildlife fences can isolate populations. Wildlife fencing has been combined with
wildlife crossing structures to address these limitations (e.g., Foster & Humphrey, 1995;
Clevenger et al., 2002) but, primarily due to their high cost, such crossing structures are limited
in number and size.

For this project, the Western Transportation Institute at Montana State University (WTI/MSU)
evaluated a relatively new mitigation measure aimed at reducing animal—vehicle collisions while
allowing animals to continue to move across the landscape. WTI/MSU evaluated different types
of animal detection systems from different manufacturers with regard to system reliability and
operation and maintenance aspects. Animal detection systems detect large animals (e.g., deer,
elk, moose, or pronghorn) as they approach the road. When an animal is detected, signs are
activated warning drivers that large animals may be on or near the road at that time. Previous
research has shown that, depending on road and weather conditions, the warning signs can cause
drivers to reduce their speed (see review in Huijser & McGowen, 2003; Kinley et al., 2003;
Dodd & Gagnon, 2008). Warning signs may result in more alert drivers (Green, 2000), which
can lead to a substantial reduction in stopping distance: 20.7 m (68 ft) at 88 km/h (55 mi/h)
(Huijser et al., 2006a). Finally, research from Switzerland has shown that animal detection
systems can reduce ungulate—vehicle collisions by as much as 82 percent (Kistler, 1998) or 81
percent (Romer et al., 2003). Similar results come from Arizona (91 percent; Dodd & Gagnon,
2008) and Montana (58—67 percent; Huijser et al., 2009).
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While projects that evaluate individual animal detection systems remain valuable and continue to
contribute to the existing knowledge, the ongoing development and implementation of animal
detection system technologies can benefit by expanding beyond this limited scope. Huijser et al.
(2006a) identified the remaining research questions for the emerging field of animal detection
systems. Two of the most important questions that remain are how reliable the different animal
detection systems really are and what the minimum standards for system reliability should be. In
addition, the efforts and costs related to installation, operation, and maintenance are generally not
available, and it is currently impossible to compare different systems from different vendors with
regard to this important parameter.

1.1.1. Related Studies

Huijser et al. (2006a) listed all known animal detection system sites throughout Europe and
North America. They also summarized experiences with the operation and maintenance of these
systems. In addition, WTI/MSU has ongoing projects that evaluate the reliability and
effectiveness of animal detection systems in roadside environments. WTI/MSU also documents
driver opinions and experiences with operation and maintenance. One system, installed in the fall
of 2002, is located along U.S. Highway 191 in Yellowstone National Park in Montana. This
WTI/MSU Pooled Fund Study is funded by the Federal Highway Administration (FHWA) and
15 departments of transportation: the Alaska Department of Transportation and Public Facilities,
and the California, Indiana, lowa, Kansas, Maryland, Montana, Nevada, New Hampshire, New
York, North Dakota, Oregon, Pennsylvania, Wisconsin, and Wyoming Departments of
Transportation.

As of August 2006, only some of the vendors of animal detection systems have actually installed
their animal detection systems at one or more sites (Huijser et al., 2006a). In addition, some
systems that have been installed are not yet operational and others have been abandoned for
various reasons (Huijser et al., 2006a). Few animal detection systems have been studied with
regard to system reliability and system effectiveness. Examples include the area-cover systems in
Switzerland (Kistler, 1998; Romer et al., 2003) and Finland (Muurinen & Ristola, 1999; Taskula,
1999), the systems in Wyoming (Gordon et al., 2001; Gordon & Anderson, 2002) and the area-
cover system in Kootenay National Park, Canada (Kinley et al., 2003). Some studies have not yet
been completed (e.g., Huijser et al., 2006a), but most systems have never been evaluated
properly, and the information with regard to those systems remains anecdotal at best.

1.2. Project Outline

In order to select the most reliable animal detection system and to gain insight in the cost—benefit
ratio of different systems, it is important to compare the different systems with regard to system
reliability and operation and maintenance aspects. Until now, this comparison has been
problematic due to the following factors:

Most systems have not been properly studied, or the results have not been published;
Different studies have evaluated systems with regard to different parameters;

Different studies used different methods; and

Different systems have been evaluated under varying conditions (e.g., varying road and
climate conditions).

po o
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Therefore, WTI/MSU evaluated different types of animal detection systems from different
vendors at the same site and under similar circumstances. Phase 1 of the project involved
designing and implementing the backbone of the “Roadside Animal Detection Systems” (RADS)
test-bed in a controlled access environment, followed by the installation of selected animal
detection systems. During Phase 2, WTI/MSU measured the reliability and the costs and benefits
of the systems. For the final phase, Phase 3, several sites in Montana were reviewed for possible
installation of the best performing animal detection system. Finally, the project provided tech
transfer to transportation agencies, including FHWA and the Montana Department of
Transportation (MDT), vendors of animal detection systems, the general public, and the
scientific community.

1.3. Project Goals and Objectives

The objectives of this project were to:

e Develop a high-level concept of operations that includes transportation agencies, the
traveling public, vendors of animal detection systems, and researchers.

e Design and implement the RADS test-bed backbone utilizing a systems engineering
approach.

e Install selected animal detection systems in the RADS test-bed backbone.

e Measure and compare the reliability of the different types of animal detection systems
from different vendors included in the RADS test-bed.

e Document the experiences with installation and operation and maintenance, including
system costs.

e Review the animal detection systems included in the RADS test-bed with regard to
National ITS Architecture standards.

e Develop standards for recommended performance requirements of animal detection
systems.

e Promote cooperation and communication between transportation agencies and vendors.

e Provide feedback to vendors to help them build systems that meet national ITS
architecture standards and recommended performance requirements.

e Review one or more sites in Montana for possible installation of an animal detection
system.

e Provide the study results to the funders, including FHWA and MDT, and advise them on
future investments in animal detection systems and their potential applications.

e Provide the study results to other transportation agencies, the scientific community, and
the general public.

The goals, objectives, and measures of effectiveness for this project are defined in Table 1.1. The
report has been organized according to these goals and objectives. The measures of effectiveness
will allow us to answer the main research questions and tie back into the goals and objectives.
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Table 1.1: Goals, objectives, and measures of effectiveness.

Goals

Objectives

Measures of Effectiveness

Provide a vision to transportation agencies and participating
vendors of how animal detection systems may work in the
future, and what criteria should be included in the RADS
test-bed

Develop a high-level concept of operations

Acceptance by transportation agencies (FHWA and MDT) and
vendors

Provide advice to transportation agencies on the selection of
animal detection systems that are reliable and that minimize
installation, operation, and maintenance costs

Design and implement RADS test-bed backbone,
facilitating integration of animal detection systems

Must meet requirements

Install selected animal detection systems in the RADS
test-bed backbone

Must meet requirements

Identify the most reliable animal detection systems

1. The percentage of false detections (false positives) for each
system

2. The percentage of missed animal (or model) crossings (false
negatives) for each system

3. Downtime of the system (time that the system is not
operational or time that the system does not function according
to the specifications of the vendor and the expectation of the
researchers)

Identify the systems that require the least installation,
operation, and maintenance efforts

Document the experiences with installation, operation, and
maintenance (expressed in terms of time and money, if possible)

Help develop animal detection systems that are integrated
into national ITS architecture and standards, and that meet
certain minimum performance requirements

Review the animal detection systems included in the
RADS test-bed with regard to national ITS architecture
and standards

Compare national ITS architecture and standards with that of the
systems included in the RADS test-bed

Develop recommended performance requirements

Acceptance by transportation agencies (FHWA and MDT),
vendors, the general public, and researchers

Promote cooperation and communication between
transportation agencies and vendors

Document the lessons learned from public—private partnerships

Provide feedback to vendors to help them build systems
that meet national ITS architecture and standards and
recommended performance requirements

Acceptance by vendors leading to modifications to their
products on the long-term

Promote informed decisions on the selection and use of
animal detection systems that are reliable and that minimize
installation, operation, and maintenance costs

Review one or more sites in Montana for possible
installation of an animal detection system

One or more sites will be evaluated with respect to a range of
parameters, including historic road-kill, road characteristics,
terrain characteristics, vegetation characteristics, etc.

Provide the study results to the funders, including
FHWA and MDT, and advise them on future investments
in animal detection systems and their potential
applications

Acceptance of the final report by the funders (FHWA and MDT)

Provide the study results to other transportation agencies,
the scientific community, and the general public

Outreach through speaking at selected conferences, the
publication of peer-reviewed scientific articles in international
journals, and exposure in popular media (newspapers, radio,
television)
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1.4. Project Location

The RADS test-bed was installed in a controlled access environment near Lewistown, Montana.
WTI/MSU is using models for wildlife (i.e., domesticated species—horses and Ilamas) rather
than wild animals. The reasons for using a controlled access environment and models for wildlife

arc:

A controlled access environment reduces or eliminates vandalism, theft, and accidents.
The reduction or elimination of such events minimizes operation and maintenance costs
as well as liability risks during the project.

A controlled access environment allows for a better comparison of the reliability of the
different animal detection systems by reducing or eliminating vandalism, theft, and
accidents that may confound the results of the study. Although a “real world” setting
could potentially result in new or additional experiences with operation and maintenance,
it may not result in a fair comparison of these aspects as not all systems may suffer
equally from vandalism, theft, or accidents. A controlled access environment is the best
guarantee for similar circumstances for a comparison of the reliability of the different
animal detection systems.

A controlled access environment reduces the number of parties involved in the project.
This makes the project easier to manage and improves adherence to the schedule.

A controlled access environment allows the project to direct the majority of the resources
to the actual comparison of the animal detection systems rather than to incident
management.

By using models for wildlife, rather than wild animals, WTI/MSU can control the
number and location of “animal movements.” This allows for a shorter test-bed and
testing period. A shorter test-bed greatly reduces the costs for sensors, poles, other
equipment, and operation and maintenance. A shorter testing period allows us to
complete the project in a shorter time frame.

Vendors are more likely to donate equipment for the duration of the study if the risk of
vandalism or theft is reduced, and the number of sensors and other equipment required is
minimized.

However, there are some drawbacks to a controlled access environment and working with
models for wildlife. WTI/MSU has addressed these issues as follows.

A controlled access environment is not the same as a real roadside environment.
However, other systems installed in real roadside environments have already given
insight into problems that may be encountered there (see review in Huijser et al., 2006a).
Furthermore, a project such as this is already challenging from a technical perspective
making it wise to eliminate unnecessary risks. The project is primarily aimed at
comparing different technologies rather than exploring the hazards of a roadside
environment.
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e Models for wildlife may differ from wild animals, so WTI/MSU has selected models
(llamas and horses) that are relatively similar in size to the “target” species (e.g., deer,
pronghorn, elk, or moose).

WTI/MSU installed the RADS test-bed on the grounds of Lewistown airport in Montana. Since
part of the airport is being transformed into a cold region and rural transportation research,
maintenance and operations test-bed (“TRANSCEND”), it provides an ideal location for the
RADS test-bed as this project aims to test technology under a range of weather conditions,
especially cold weather. Furthermore, animal detection systems typically find their applications
in rural settings. However, the following challenges had to be addressed:

e Poles and equipment had to be installed next to a paved road section that one can drive on
to mimic traffic for potential future research efforts. This causes potential conflicts with
other uses that may not allow for any obstacles near the paved sections. However, since
the test-bed is relatively short (91 m (300 ft)), the researchers were able to find a suitable
location. To reduce safety risks, all poles for the detection equipment were equipped with
a break-away system.

e The location had to be relatively close to existing power lines (110 V). Using power from
the grid rather than solar panels or generators allowed the researchers to focus on the
comparison of the different technologies, rather than potential challenges with different
power sources.

e Because domesticated animals (horses and llamas) were used as wildlife models, an
enclosure had to be constructed. Arrangements were made for the feeding and care of the
animals, and permits were obtained to have the animals be part of an experiment.
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2. CONCEPT OF OPERATIONS

Author: Marcel P. Huijser, Western Transportation Institute, College of Engineering, Montana
State University

2.1. Systems Concepts Studied

This study deals with animal detection systems based along the road only. It does not deal with
animal warning systems or vehicle-based detection systems. Animal warning systems detect
vehicles or trains and then alert large animals through a range of audio and visual signals from
stations placed in the right-of-way (for details and discussion see Bushman et al., 2001; Huijser
and McGowen 2003; Hunin 2005; Mulka 2008). Vehicle-based systems (e.g., Bendix, 2002;
General Motors, 2003; Hirota et al., 2004; Honda, 2004) only inform drivers of the possible
presence of animals in vehicles equipped with such a detection system. Road-based animal
detection systems, however, are designed to inform all drivers, regardless of what equipment
their vehicle may or may not have.

2.2.  Concept of Operation

A road-based animal detection system consists of two parts: one part detects large animals as
they approach the road, and the other part warns the drivers after detection has occurred (Figure
2.1). A transportation agency or natural resource management agency usually takes the initiative
for site- and species-specific mitigation measures. Site selection is often based on accident
reports and road mortality data for large animal species. The transportation agency and natural
resource management agencies then decide on the appropriate mitigation measure, in this case an
animal detection system. After a detection technology and vendor have been selected, an animal
detection system is built and delivered by the vendor. An installation contractor then puts the
system in place.

Once the system is installed and working according to the agreed-upon specifications, the
transportation agency may operate and maintain the system. In some cases natural resource
management agencies may assist with checking up on the system. Currently most systems have
to be checked at the site regularly to verify that the system is indeed operating correctly. In some
cases there is remote access to the detection data and system diagnostics through land-based
phone lines, or cellular or satellite phone. In the future there may be algorithms in place that
screen the data continuously for unusual patterns that may indicate that there is a problem with
the system or parts thereof. Once a problem with the system is detected, a person may be notified
through an automated system. Figure 2.1 shows the concept of operations for animal detection
systems. Arrows indicate the direction of output and processes. Solid lines indicate output and
processes that exist already. Dotted lines indicate output and processes that may be developed in
the future.
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Figure 2.1: Concept of operations

The transportation agency provides information to the traveling public about the purpose and the
location of the animal detection system. This information should be provided just before drivers
get to the area covered by the animal detection system. Road signs and highway advisory radio
messages are the most obvious ways to deliver this information to the driver. When approaching
the animal detection system a driver may be confronted with an activated warning signal
indicating that a large animal has been detected and is present on or near the road at that time.

In the future the information about the purpose and the location of the animal detection system
may also be delivered to an on-board computer inside the vehicle. The information would be
provided as soon as the vehicle gets within a certain radius of the animal detection system. This
procedure would require a two-way GPS-based communication system. The warning signal may
also be delivered to an on-board computer inside the vehicle.

2.3. System Reliability and Effectiveness

In order to reduce the number of animal—vehicle collisions, animal detection systems need to
detect animals reliably, and they also need to influence driver behavior so that drivers can avoid
a collision.

Most animal detection system technologies are vulnerable to “false negatives” and “false
positives.” False negatives occur if an animal approaches but the system fails to detect it. False
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positives occur if the system reports the presence of an animal, but there is no animal present.
Numerous false positives may result in drivers regarding the system no differently than a
permanently flashing warning light not connected to sensors, thus failing to convey the warning
for acute danger. False negatives should be avoided or kept to an absolute minimum, as drivers
expect an animal detection system to detect all or nearly all large animals that approach the road.
False positives should also be minimized, but it is probably more acceptable to have a few false
positives than a few false negatives. Nevertheless, it is important that animal detection systems
are reliable, as drivers are expected to respond to the warning signals.

Once an animal detection system reliably detects the target species and the warning signals and
signs are activated, driver response determines how effective the system ultimately is in avoiding
or reducing animal—vehicle collisions. Figure 2.2 splits driver response into two components:
increased driver alertness and lower vehicle speed.

Reliable warning signals

Increased driver awareness; large
animals may be on or near the road

I
v .

‘ Lower vehicle speed ‘ | Increased driver alertness

!

Reduced reaction time
when confronted with a

large animal ahead
Shorter
+ stopping
distance

Vehicle may hit > Vehicle may not
animal at lower speed hit animal

Figure 2.2: Warning signals and driver response

A higher state of alertness of the driver, lower vehicle speed, or a combination of the two can
result in a reduced risk of a collision with the large animal or less severe collisions. A reduced
collision risk and less severe collisions mean fewer human deaths and injuries and less property
damage. In addition, fewer large animals are killed or injured on the road without having been
restricted in their movements across the landscape and the road. Furthermore, fewer large dead
animals will have to be removed, transported, and disposed of by road maintenance crews.

Western Transportation Institute Page 9



Reliability of animal detection systems Test-bed design, detection systems, and test animals

3. TEST-BED DESIGN, DETECTION SYSTEMS, AND TEST ANIMALS

Authors: Marcel P. Huijser, Tiffany D. Holland, Matt Blank & Shaowei Wang, Western
Transportation Institute, College of Engineering, Montana State University

3.1. Test-Bed Location and Design

The RADS test-bed is part of the TRANSCEND cold region rural transportation research facility
and is located along a former runway at the Lewistown Airport in central Montana (Figure 3.1).
The test-bed location experiences a wide range of temperatures, and precipitation ranges include
mist, heavy rain, and snow; the topography is flat, and the rocky soil does not sustain much
vegetation that may obstruct the signals transmitted or received by the sensors. The test-bed
consists of an animal enclosure, nine different animal detection systems, and six infrared
cameras with continuous recording capabilities (Figures 3.2 through 3.5). The distance covered
by the systems (except for System 9) was 91 m (300 ft) (from the left to the right side of the
enclosure).

Figure 3.1: The location of the test-bed along a former runway at the Lewistown Airport in
central Montana. The current municipal airport is located on the upper right of the photo.
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Figure 3.2: Test-bed design including an animal enclosure, the nine detection systems (open
circles represent the sensors), the six infrared (IR) cameras aimed at the enclosure from the side
(solid circles), and the office with data recording equipment. The arrows show the direction
towards which each sensor or transmitter is pointed.

Figure 3.3: The test bed with the remote office, poles with animal detection systems attached to
them, the shelter, and a llama (Photo: Marcel Huijser, WTI/MSU).
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Figure 3.4: Some of the sensors of the animal detection systems (Photo: Marcel Huijser,
WTI/MSU).

Figure 3.5: The infrared cameras that monitor animal movements in the enclosure (Photo: Marcel
Huijser, WTI/MSU).
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The animal enclosure includ