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Preface

This report presents a project overview, challerageslessons learned from implementation of

Intelligent Specialty Vehicle System (ISVS) teclogies at the Alaska Department of
Transportation & Public Facilities.

In completing the assessment process, we revidweedlanning, procurement and
implementation process used in completing the M8 project.
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1. Acronyms

ADOT&PF  Alaska Department of Transportation & Paliacilities

PGPS Precision Global Positioning System
HUD Heads-up-display

ISVS Intelligent Specialty Vehicle System
ITS Intelligent Transportation Systems
LMRS Land Mobile Radio System

RTK Real Time Kinematics

RWIS Road Weather Information System
UoM University of Minnesota

GIS Geographical Information System



2. EXECUTIVE SUMMARY

Thelntelligent Specialty Vehicle System (ISVS) is equipped with Precision Global Positioning
System (PGPS) technology which is delivered inféingn of Real Time Kinematics (RTK) to the
vehicle from a single dedicated GPS base statiba.vEhicle mounted system has integrated
collision avoidance radar technology designed twiplle the driver a means to maintain desired
lane position and avoid collisions with obstaclasmy periods of low visibility. The PGPS
provides position information to the vehicle whidn be as accurate as 3 cm. Distance from the
PGPS determines the final accuracy, the furthelSNK& is from the PGPS, the lower the
accuracy.

This project is motivated by the fact that spegia#hicles often must operate under inclement
weather conditions. The driver assistive systenrawgs safety for the specialty vehicle operator
by providing the necessary cues for lane keepigcatlision avoidance normally unavailable
during poor visibility conditions. The driver adsie system, when placed in snow and ice,
control vehicles, improves safety by facilitatingweather road services which keep roads open
and passable for other emergency vehicles andethergl motoring public.

A snow blower and snowplow are the primary vehickthe ISVS project for the Alaska
Department of Transportation and Public Facili{@BOT&PF). The project implemented,
operated and evaluated all necessary infrastructurgonents, in-vehicle sensing technology,
in-vehicle processing including algorithms, andrdrivehicle interfaces. Testing of these
systems took place on state highways using stéieles under all conditions including low-
visibility conditions such as snow, blowing snowg fog, and night.

The ADOT&PF through partnership with the UniversifyMinnesota (UoM), Intelligent
Transportation Systems Institute developed thegptaesign, installation and field evaluation
procedures. Project results are used to informsecmakers and the general public of the
improved safety and productivity benefits to thensportation system. The UoM is working
directly with the Federal Highway Administrationdcatihe Minnesota Department of
Transportation on similar technology projects.

To achieve the greatest benefit, the supporting$@fastructure needed to support EBES
project The system designed is compatible with a systemisi@danned for the City of Valdez.
When these systems are integrated, the PGPS cevertite Valdez area will increase by 72%.
This system uses the same basic technology witadti#ion of a Virtual Reference Station
network, which uses a series of base stationsdibégether to create seamless coverage over a
greater area. The City of Valdez proposes to seystem for resource management of city
services, especially Police, Fire, and EMS. Bggnating the two systems, City of Valdez and
ADOT&PF will both benefit from the expanded covezagto areas that would otherwise be
unserviceable.

The GIS mapping and model development efforts i ghoject will integrate with the
ADOT&PF GIS Departments base maps. The GIS Demanttavill benefit by receiving more
accurate centerline road data which will acceletfaehighway inventory and feature location
process in the area. Furthermore, the GIS Depattwid have the necessary template to



generate additional models if the ISVS or othediappons for virtual modeling are expanded
into other portions of the state.

The RTK Guidance System provides the greatest wahen used in conjunction with Land
Mobile Radio System (LMRS) and Road Weather InfdromaSystem (RWIS). Equipment
operators will be able to directly download RWISadaia LMRS in the field and reprioritize
duties as necessary. The total technology packdgemean greater equipment efficiency and a
quicker response to rapidly changing environmersgalitions. This will ultimately translate
into more lane miles per dollar spent for snow rttepoperations.

The AKDOT&PF also plans a new project next yedd@adhorse/Prudhoe Bay, AK and south
toward the Brooks Range. This location providesesamque opportunities to test the system at
one of the Northern most and remote locationsenthited States and still be on the connected
highway system in Alaska. This project will improsa&fety for commercial trucking which
supports the oil production camps by equipping tead graders with PGPS.



3. Technical Approach
3.1 Background

The Alaska Department of Transportation and Pukdicilities would like to thank
the University of Minnesota for material used ie ackground, Project Description
and Equipment Installation Synopsis.

Alaska’s severe winter weather conditions and ¢ingthy winter nights can produce
some of the most hazardous driving conditions inefioa. This combination can
reduce visibility to the point where the efficienafysnow removal operations is
greatly affected and can result in collateral daenagnfrastructure (i.e. guardrails,
signs, milepost markers, equipment, etc.) as veelerease the likelihood of
collision with other vehicles. As the efficienclyamow clearing operations declines
there is a corresponding deterioration of drivingditions, which can ultimately
result in the closure of highways. Highway closuaéfect the public’s ability to
access essential services, prevent public safetycags from responding to
emergencies, and result in substantial economiadio the affected communities.

The Thompson Pass test site extends from milep®stolmilepost 39 on the
Richardson Highway in South Central Alaska and Naft the city of Valdez. The
test site includes portions of the highway on eiide of Thompson Pass, a 20-mile
section of highway characterized as high alpine,the heart of the Chugach
Mountains. This site was chosen because of thersesnvironmental conditions.
Snowfall in excess of 450" annually and winds ircess of 123 miles per hour are
common to this section of the Richardson Highwayrduthe winter months.

Snow removal costs consume approximately 80% ofksldepartment of
Transportation’s winter operating budget. A decimeperational efficiency directly
increases snow removal costs per lane mile, quibdpleting limited funds. The
ISVS has proven to improve the efficiency and sabétsnow removal operations.
This permits State forces to continue to providansand ice control services during
rapidly changing environmental conditions as wsllmprove the safety of the
traveling public. The economic benefits to theestaclude a reduction in direct
winter maintenance costs through improved efficyese well as a decrease in
machine and infrastructure damage. Similar apjdioa of this technology have
resulted in a 30% reduction of operational cogtkhough difficult to calculate an
exact value, the integration of anti-collision teclogy into the ISVS reduces the
potential for accidental collisions with other velbs, thus substantially lessening the
liability exposure to the state.

3.2 Project Description

The Intelligent Specialty Vehicle System (ISVSgaisynergy of different
technologies producing the total package. Thecketmounted portion of the system



combines a recent advancement in, Differential @l&tositioning System (PGPS),
called Real Time Kinematics (RTK), and collisioroadance technology. The
supporting infrastructure includes a base statronide corrections to 20 miles of
highway. The system relies on a geospatial datattes is generated using
Geographic Information System (GIS) based survethaus that depicts the entire
infrastructure, hazards, and the highway alignmagttitin the right of way for this
segment of the highway.

Vehicle positioning, collision avoidance, and thiver interface constitute the
primary components of the ISVS. Vehicle positignis accomplished through a
combination of a PGPS and a geospatial databadlssi@owarning and avoidance is
accomplished with radar sensors and signal praug$schniques, which take
advantage of information returned by the vehiclsifpaning system. Finally,
information is provided to the driver via the dmweterface system, which employs
graphical and tactile interfaces to provide anmptiinformation path to the driver.

A block diagram of the driver assistive systemsilfating components and signal
paths is shown in 6.1. Driver Assist System Blocadgbam.

The deployment of the ISVS, which includes PGP $aiticularly timely since the
city of Valdez desires its own expanded GPS netw@&lanned subsequent
integration of the two systems will expand coverbgenore than 72% for a total of
45 centerline miles. This will improve responseds for emergency and public
safety services to outlying regions by permittingoarouting and real-time tracking
of emergency vehicles in these remote areas. Respuill be improved to the
following incidences:

* Auto Accidents

* Avalanche Rescues

* Natural Disaster Mitigation

» Hazardous Material Spills

* Medical Emergencies

The GIS mapping and geospatial database develogefferts in this project will
integrate with the ADOT&PF GIS Departments basesnafhe GIS Department will
benefit by receiving more accurate centerline rate which will accelerate the
highway inventory and feature location proceshedrea. Furthermore, the GIS
Department will have the necessary template torgémedditional models if the
ISVS or other applications for virtual modeling @ganded into other portions of
the state.

The test site also offers the unique opportumitgdrform a side-by-side comparison
of RTK technology against a wholly different typegoidance system developed by
3M Corporation that is currently being tested i tt@mart snowplows”. The 3M

system uses magnetic sensing technology that m@li@sagnetic strips that are inlaid
into the pavement and provide a magnetic “trailyjtonde the vehicle along an 8 mile



segment of Thompson Pass. The magnetic technologided only lateral
positioning data that is communicated to the openaga Driver Haptic Interface
(vibratory seat) and Driver Visual Interface (waugpiights). This system is simplistic
first generation positioning system that is capalblproviding limited geospatial
position data to the driver. Although the two gunda systems were installed into
different types of snow clearing equipment, thethlshare similar operational
techniques and encounter the same severe weatiditions, which limit
performance and efficiency. This common environnpamntnitted some performance
comparisons. The 3M system is no longer in usébe\state.

3.3. Equipment Installation Synopsis:

Intelligent Specialty Vehicle System (ISVS): isystem that uses a form of PGPS
technology and interfaces it with forward lookiraglar to produce a graphical
highway model of the highway environment in realdion a heads-up display
(HUD). The ISVS equipment consists of two subsystem

The Base Station is comprised of three major corapts:

TRIMBLE NetRS Reference Station w/ ZEPHYR Geodgintenna

GLB ELECTRONICS Netlink Radio Data System - VHF fisanitter

TRIPP-LITE PR-10b - power supply

A Linier Amplifier to increase Base Station powertjput to 102W forward installed
at the site in February 2006. The addition of ttmplier improved highway
coverage by about 30%.

The Base Station monitors local atmospheric caritand GPS signals from a fixed
point of reference. The GPS error is calculateti@nrected. A correction signal is
then broadcast to the test vehicles, permittinggek of precision that can only be
achieved using DPGS.

The Vehicle-Mounted System is comprised of fivenponents:

TRIMBLE MS-750 GPS receiver with 13” Ground PlanadWiine Antenna
Simrex Corp. GLB SNRDS Netlink Radio Data SystemH+ Receiver 158.775
Eaton EVT-300 forward looking radar possessor

L3 Communications Mobile Projector and Heads-Uppl2ig

On-board computers

The vehicle borne system shows the operator theéve computer generated location
of the fog line, centerline, guardrails, and snakep. The forward looking radar is
integrated in the computer generated image of itteay roadway and depicts other
vehicle traffic relative to the test vehicle’s pomi. A personal digital assistant (First
a COMPAQ iPAC Pocket POwhich suffered from battery issues) was subsedent
replaced with a Palm Pilot Lifedri%esystem, which worked quite well to monitor
system performance and allow the operator to se&futle offsets to align the
vehicle on the virtual roadway.



Base Station Installation: The Base Station itaifexd temporarily at the Thompson
Pass maintenance station. Installation of the Baggon required 24 man-hours to
install the required antennas and cabling by bo&OM8 hours) and Radio
Maintenance (16 Hours). Accupoint’s Mike Gray, laska TRIMBLE
representative, worked an additional 8 man-hourfopring the final calibration and
commissioning the station. A preliminary radio pagation analysis performed by
Accupoint indicated good satellite coverage andemtion signal reception from
approximately Richardson Milepost 19 to Milepost 39

The Vehicle-Mounted Systems were installed intthe test vehicles:
= 94 Oshkosh Snow Blower
= 98 Freightliner 6x6 Snowplow

The goal is to test the effectiveness in two vesielith different functionality, but
similar purpose.

Vehicle Installation: Installation specialist Brydlewstrom of the University of
Minnesota arrived in Valdez, AK, January 4th, 208é.spent the next three weeks
installing the equipment in the vehicles and gaimegahe highway model.

Installation in the Freightliner 6x6 Snowplow weambhoothly since this system is
installed in similar trucks at the Minnesota DODespite the similarities, it still
required 18 man-hours by State of Alaska Equiprvaintenance staff to install the
system. Much of this time was devoted to fabraratf brackets for ZEPHYR
Geodetic Antenna and the collision avoidance radasmitters. Additional
precautions taken to properly seal all wiring hasas will help prevent connections
to avoid possible infiltration of magnesium chl@igialts used as an anti-icing agent.
The chemical can easily corrode electrical conniecto

The Oshkosh Snow blower provided a unique chaldaginstallation since the
vehicle’s cab is small in comparison to the plouwck. A custom box now houses the
electrical components in the cab. Additional tiamel consultation with the operators
insured configuration of the display and projectorked operationally and
ergonomically. It was determined that mountingvér the left shoulder of the
operator worked best and the HUD screen placedappately 12" in front of the
operators face. Total State of Alaska Equipmenihkéaance time for fabrication

and installation of equipment in the snow bloweswWa.5 man-hours.

Highway Modeling: Bryan Newstrom required thregsltb complete the initial base
map from Milepost 20 to 38 of the Richardson Highwe&reating the highway
model is a relatively simple process once the btséon is installed. The modeler
simply drives the test section of highway and rdsdhe location of the centerline
and fog lines using the correction signal fromhhase station and the data from a
standard GPS receiver. Special infrastructured) ag guardrails, when entered into
the modeling program identify their location and/éa special graphical identifier.
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4. Project Challenges

There were several challenges to providing PGR8rage to Thompson Pass. The
topography of the terrain required the PGPS Stdtication on the highest terrain
possible. The first installation, at the Mainterai@amp, provided coverage to about
12 miles of road. The PGPS station was relocatddrdaagrated into the LMRS
Repeater site as planned in late 2004. The PGRiSrS& its new location provided
coverage to about 16 miles of highway but requaéidgh floatation tracked vehicle
or helicopter to perform routine maintenance. lbrary 2006, a linear amplifier
added to the site improved coverage to 20 mildsgifway.

A number of problems cropped up during both inati@in and operational testing.
The Oshkosh Snow Blower has only limited locatitaramounting the radar sending
units. The blower head, which occupies the effitnet of the vehicle, is unsuitable
for mounting the radar sending units since it waatdrfere with the snow blower
function. A compromise mount solution was to plt#te sending unit on the front
side of the cab. This is less than ideal sincestfwav chute, which directs the
jettisoned snow will occasional obstruct its fiefdview. This also required the radar
system’s alarm threshold limits be set to ignorglang within ten feet of the radar
transmitter to prevent false alarms.

The COMPAQ iPAC Pocket PC rapidly lost charge Wiitte use. A non-standard
open source Operating System (OS) did not handiepmanagement as well as the
original Operating System. The Department retuthed”OMPAQ iPAC Pocket for
replacement with a Palm Pilot Lifedrive PDA, therelrrecting the problem.

Once the vehicle systems installed, a more semdeasmittent problem became

apparent. The TRIMBLE MS-750 receivers loose tiRS@&ignal for no apparent
reason. The Accupoint representative visited Thepng@Pass to troubleshoot the
systems and made the necessary antenna coax rypaits damaged by our staff.

5. LessonsLearned
5.1. Institutional:

The corporation received for the University of Masota (UoM) staff, Mike Gray, of
Accupoint the Alaska Trimble representative, thet&of Alaska Information
Technology Services staff and Al Fletcher, FHWAy&d invaluable. Without the
team efforts during project design, implementatod maintenance this project
would have failed. The ADOT&PF is extremely appatieie of the support received
and that this team worked well together form thgitn@ing. Early and frequent
communication by all parties resulted in everyoaeig a stake in the final product
and its success.

11



5.2. Technical

Moving the PGPS station to a mountain top repesateimproved service to some
sections of road while decreasing the signal tersthA linier amplifier added to the
site in February 2006 boosted the VHF Radio Modggmad from 25 watts to 102
watts forward. The increased signal strength pexvigood PGPS coverage to about
20 miles of highway and eliminated short sectioithe highway near the PGPS
station where the signal was intermittent.

We also learned that the prefabricated buildirggdufor the Alaska Land Mobile
Radio System repeaters will fly. During the processioving the PGPS Station to
the repeater site and replacing the old buildimggh went wrong. The weather
forced the heavy lift helicopter to set the newlding, with the new repeaters and
PGPS Station installed, near the site. The builgl sezured to the mountain top with
drilled anchors. Heavy snow collected on the upvsilni@é of the building. When the
wind speed passing over the top of the buildinghted an estimated 150 + mph,
enough lift was generated to rip the anchor baltsob the metal frame and fly the
building off the back side of the mountain. Onlyahpieces of the building were
found and the radios and the PGPS Station wertesedtover about a mile area of
the back side of the mountain. The Trimble GPS wag located about a week later
and returned to the manufacture for inspectiontasting. The unit was found to be
operational and is in service at Thompson Pasytoda

The staff at the UoM Intelligent Transportatiors@&ms Institute has a solid program
and is self motivated to excellence. They have enadtdesign, ordering and
assembling the various components to create an.ISN&; were able to integrate
our legacy 3M Magnet Sensor System into the IS\Y8uiiph a vibrating seat to
simulate rumble strips.

The ADOT&PF learned early in the evaluation precést the ISVS Heads-up-
display was more natural and prevented the opefatigue from trying to keep the
vehicle in the desired lane. The ADOT&PF tested3leMagnet Sensor System
before learning about the UoM ISVS and found itrlyeianpossible to keep the
vehicle in the desired lane during whiteout comdisi. The fatigue level was high
with the 3M System alone.

The initial wiring to the power source suppliedday staff was not through the
ignition switch and provided the opportunity todedhe ISVS system on. This
happened on the snow blower at the end of theviirsier and over time killed the
batteries and damaged the VHF receiver radio. dihgonents are now wired
through the ignition switch.

Other equipment already mounted in the truck ¢emge the mounting bracket
design requirements. Planning for local fabricat®oan essential part of a successful
design and deployment plan. The UoM staff iderditieis early in the planning
phase.
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6. Driver Assistive System Block Diagram
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