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1. Overview of Utah DOT Winter Maintenance Operations 

This section provides an overview of this Case Study report detailing how the Utah Department of 

Transportation (UDOT) has implemented Automated Vehicle Locator (AVL) / Global Positioning Systems 

(GPS) technologies on its winter maintenance vehicles for use in monitoring the operations of snow plow 

vehicles.  

1.1 Case Study Background 

This research project is being funded through the Clear Roads pooled fund program to develop Case 

Study Reports documenting how multiple State DOTs have implemented AVL/GPS technologies to 

support their winter maintenance programs.  While the main function of the system is to provide 

automated vehicle location tracking for dispatchers and maintenance supervisors, AVL/GPS systems can 

also provide valuable information on vehicle diagnostics to maintenance supervisors.  Furthermore, 

AVL/GPS systems can be integrated with existing vehicle components used for snow plow operations, 

such as spreader controllers and plow blades to provide reports to maintenance supervisors on plow 

usage and material applied by snow plow operators. 

 

The purpose of the Case Study reports is to help other state DOTs make more informed decisions with 

respect to the implementation of AVL/GPS technology for winter maintenance activities.  The case study 

report is intended to bring to light more nuanced issues related to the use of AVL/GPS technology for 

winter maintenance.  The Case Study report also highlights the types of issues other state DOTs / 

agencies should consider prior to system procurement, provides guidance for successful implementation 

of the technology, and serves as a possible template for agencies to get the best value out of different 

levels their AVL/GPS applications. 

 
In the spring of 2017, a survey was distributed to multiple state DOTs to gather basic, high-level 
information regarding each agency’s level of AVL/GPS implementation, as well as detailed information on 
the planning, processes, steps, and results observed by agencies with their respective systems.  Based 
on the survey responses, agencies were categorized into the following three levels of AVL/GPS 
implementation:   
 

 Tier 1: Basic Location Tracking/Monitoring with or without collection of vehicle diagnostic data 

 Tier 2: Medium implementation with basic location tracking, with limited additional data collection, 
equipment integration, and system reporting features  

 Tier 3: High implementation with added, more complex data collection, integration, and reporting 
features 

 

Upon a review of these survey responses, six agencies representing various tiers of implementation were 

selected to more in-depth interviews and for case studies. The Utah DOT was categorized into Tier 1 and 

ultimately selected for further in-depth interviews to gather more information on how their AVL/GPS 

system is implemented and utilized.  UDOT’s survey responses are also included in Appendix A of this 

Case Study. 

1.2 Agency Characteristics 

UDOT is divided into four regional offices. Personnel in each region oversee administration, construction, 

and maintenance of all state roads, highways and freeways within their areas.  A map of the four regions 

is presented in Figure 1.   

 

For winter maintenance operations, each Region is further divided into multiple Areas, and within each 

Area, a number of Stations house and maintain UDOT snow plows and maintenance equipment.  UDOT 
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maintains a fleet of 508 snowplow trucks, in addition to 11 self-propelled snowblowers and 13 TowPlows 

statewide.1   

 

On average, Utah experiences more than 25 winter storms annually, and UDOT crews in different areas 

of the state see different conditions. For example, the snow plow crews at Logan Summit in Region 1 

clear snow nearly 40 percent of the year, while the St. George crew in Region 4 clears snow only a few 

times a year.2 

 
Within each region, UDOT winter maintenance staff are structured into the following general positions: 

Region District Engineer: Responsible for overseeing all Areas within the region in terms of 
response to winter storms.  This supervisor may be responsible for allocating some of the 
region’s resources to other regions of the state in the event of severe weather impacting that 
specific region. 

Area Supervisor: Responsible for monitoring how multiple Maintenance Stations within their 
respective area have allocated resources to plow roads within a specific area of that region.  
Reports to District Engineer and communicates with Station Supervisors as needed during winter 
events. 

Station Supervisor: Responsible for overseeing multiple snow plow drivers performing along their 
assigned snow plow routes within that part of the Area within the Region.   

 
Figure 1. UDOT Regions3  

 

                                                                                                           
1 Source: https://www.udot.utah.gov/main/f?p=100:pg:0:::1:T,V:2,70433 
2 Source: https://www.udot.utah.gov/main/f?p=100:pg:0:::1:T,V:2,70433 
3 Source: https://www.udot.utah.gov/main/f?p=100:pg:0:::1:T,V:38,  

https://www.udot.utah.gov/main/f?p=100:pg:0:::1:T,V:2,70433
https://www.udot.utah.gov/main/f?p=100:pg:0:::1:T,V:2,70433
https://www.udot.utah.gov/main/f?p=100:pg:0:::1:T,V:38
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1.3 Agency Interviews  

Agency interviews were conducted on November 27th and 28th, 2017.  Table 1 contains a listing of the 

staff interviewed and the subjects discussed in those meetings.   

 
 

Table 1. Agency Interview Dates / Times 

Staff Interviewed Date / Time Subjects Discussed 

Jason Davis, Director of Operations 

Kevin Griffin, Director of Maintenance 

Tim Ularich, Deputy Maintenance Engineer 

Brandon Klenk, Methods Engineer 

Nov. 27th / 

1:00pm 

Decision-making process 

Procurement process 

Data collection policy 

Data sharing policy 

Overall experience 

Tim Ularich, Deputy Maintenance Engineer 

Jeff Casper, Equipment Operations Manager 

Rodney Andrews, Equipment Specialist 

Troy Starley, Equipment Specialist 

Nicole Godfrey, Equipment Systems 

 Specialist 

CJ Connor, Maintenance Programs and 

 Contracts Manager 

Nov. 27th / 

2:30pm 

Implementation and Integration Decisions 

Hardware and Software Selection 

Data Collection, Utilization and 

Management 

Communications 

Implementation Issues 

Operations Issues 

Procurement 

Costs and Benefits 

Recommendations and Lessons Learned 

Tim Ularich, Deputy Maintenance Engineer 

Adam Radel, GIS Program Manager 

Kaitlin Marousis, GIS Analyst 

Nov. 28th / 

9:00am 

IT & Data Management  

Tim Ularich, Deputy Maintenance Engineer 

CJ Connor, Maintenance Programs and 

 Contracts Manager 

Greg Searle, District Engineer 

Michael Cole, Area Supervisor 

Chad Hansen, Station Supervisor 

Nov. 28th / 

1:00pm 

Hardware Installation 

Technology Issues and Testing 

Operations 

Maintenance 

 

 

 
 

Figure 2. UDOT Snow Plow Vehicle 
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2. Degree of AVL/GPS Implementation 

This section of the report outlines the extent to which AVL/GPS technology has been deployed for UDOT 

winter maintenance operations.  

2.1 AVL/GPS Project Background  

UDOT determined in 2014 to install AVL/GPS technology in winter maintenance vehicles primarily to 
increase the public transparency of their operations to the general public by providing snow plow 
locations to the general public via a public UDOT traffic information page.  In addition to vehicle location 
tracking, UDOT would like to implement a system that would be integrated with spreader controllers and 
other sensors and equipment on snowplows to report on air temperature, pavement temperature, spread 
rate, liquid application rate, speed, direction, plow up/plow down, and operator road condition and 
weather condition inputs. 

 

As part of the AVL/GPS procurement process, UDOT sent out a Request for Information (RFI) in 2014 to 

industry providers of AVL equipment requesting information on system costs, types of technology, and 

other items of interest.  UDOT’s RFI is included in Appendix B of this case study report.  The responses to 

the RFI related to costs indicated that UDOT would not be able to deploy the AVL systems on a statewide 

basis as desired from the outset given the available project budget.  However, through the RFI process, 

UDOT learned about the possibility of using a pre-negotiated contract through the Western States 

Contracting Alliance (WSCA), which is currently managed by the National Association of State 

Procurement Officials (NASPO), to procure an AVL/GPS system via Verizon to perform basic vehicle 

location tracking that fulfills the primary need for public transparency.  Verizon had entered into a contract 

in 2011 through the WSCA, and UDOT was able to leverage for the deployment of the Verizon AVL 

system on UDOT winter maintenance vehicles throughout the state within the available project budget. 

2.2 Size of AVL/GPS Implementation 

UDOT has procured and installed AVL/GPS equipment on all 508 Class 8 winter maintenance vehicles 

throughout the state.   In addition to snowplows, UDOT has also implemented the AVL/GPS on its 

Incident Maintenance Trucks (IMTs) that assist motorists involved in incidents along UDOT roads and 

highways.    

2.3 AVL/GPS Vendor Solution 

In the months of December 2014 and January 2015, UDOT requested Verizon to perform a 

demonstration of its AVL system on approximately 50 winter maintenance vehicles.  Verizon performed 

the hardware installations on the UDOT vehicles and demonstrated the functionality and reliability of the 

system over a two-month period for UDOT.  Verizon provided a software package (NetworkFleet) allowing 

UDOT staff to monitor vehicles and use features of the software to confirm that the system was 

functioning properly.   

Upon successful completion of the demonstration, UDOT purchased additional Verizon hardware that was 

then installed by a Verizon team of subcontractors in all 508 Class 8 winter maintenance vehicles prior to 

the 2015-2016 winter season.  Since that time, additional UDOT maintenance equipment and IMTs 

(UDOT Safety Service Patrol vehicles) have been equipped with Verizon hardware units.  UDOT staff 

have been trained on the installation of Verizon hardware on new winter maintenance vehicles and other 

maintenance equipment (i.e. sweepers, loaders, skid steers, mini-excavators, graders, etc.). 
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3. Level of System Integration 

This section details the Verizon AVL/GPS system equipment that was installed for the Utah DOT and the 

level of integration with other technology on winter maintenance vehicles.  

3.1 Vehicle Hardware 

The vehicle hardware component of the UDOT AVL/GPS is the Verizon NetworkFleet Model 5500 unit 

that is installed within the vehicle and placed behind the vehicle dashboard. This model is compatible with 

light-duty and heavy-duty vehicles with an On-Board Diagnostics (OBD-II) link connector (cars and light 

trucks manufactured since 1996) or SAE J1708 / SAE J1939 6-pin or 9-pin diagnostic link connector 

(heavy trucks manufactured since 1988).     

 

Within the hardware device, there is an internal GPS antenna used for position determination, as well as 

an internal cellular antenna used for communicating the vehicle’s position to the central Verizon 

NetworkFleet software package that allows for automated vehicle location monitoring in real-time.  Figure 

3 illustrates the hardware and cabling used by UDOT staff for installation.   

 

 
Figure 3. Verizon NetworkFleet GPS Fleet Tracking Product 

 

The hardware is approximately 5 inches long, by 3 inches wide by one inch tall, and weighs about 5 

ounces.  The small size and weight allow for the hardware unit to be installed in a location behind the 

vehicle’s dashboard where it can be safely mounted as shown in Figure 4. 

 

 
 

Figure 4. Location of Verizon NetworkFleet 5500 Model in UDOT Snow Plow 

 

Diagnostic 

link connector Verizon NetworkFleet 

5500 Hardware with 

Internal GPS and 

Cellular Antennae 
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UDOT staff noted that they have connected the diagnostic link connector shown in Figure 5 to their 

maintenance vehicles.  This allows pre-defined vehicle codes to be sent as alerts through the 

NetworkFleet software package to alert UDOT staff that vehicle maintenance is needed in a specific area.  

UDOT staff receive automated alerts when these codes are detected, which provides valuable information 

on the appropriate maintenance actions needing to be taken.  This has been proven to be valuable for 

regular preventative maintenance required on snow plow vehicles before a vehicle would break down 

during snow plow operations.  This capability was noted as a major benefit of the system by UDOT 

managers and supervisors when discussing how they have used the NetworkFleet software.    

 

 
 

Figure 5. Interior Picture of UDOT Snow Plow and Placement of Equipment 

 

In the cases where drivers do stop operating the vehicle in the field to report that an engine diagnostic 

code is being presented on their dashboard, UDOT staff can also use the data to remotely diagnose and 

correct the issue if that can be addressed remotely.  If issues cannot be addressed remotely, the data 

allow UDOT maintenance technicians to ensure appropriate tools, parts and equipment are gathered prior 

to making a trip to the field for any repairs.  Given the long distance of some snow plow routes that travel 

through remote areas on UDOT highways, supervisor / maintenance staff sometimes have to travel for 

multiple hours to address an issue that may be reported from a vehicle stranded on the side of the road.  

Prior to the use of the diagnostic reporting, staff would have to make one trip to verify the problem that 

needed correcting, and then a second trip with the correct equipment for repair.   

 

It was noted that in some cases, the diagnostic error codes have saved maintenance technicians from 

having to make any trips to the field because of the type of vehicle error codes presented on the vehicle 

dashboard could be addressed remotely.  

 
UDOT has not integrated the Verizon AVL hardware with the vehicle’s spreader controller or other on-
board equipment due to budget constraints.  With the recent acquisition of Telogis by Verizon, UDOT 

Location of Verizon 

AVL Hardware and 

connection to Vehicle 

Diagnostic Port 
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continues exploring the possibility of integration of the AVL/GPS system with spreader controllers and 
other equipment on winter maintenance vehicles with Verizon as well as other vendors.   
 
 

 
 
Figure 6. Additional Technology on UDOT Snow Plow (Left: Air and Surface Temperature Sensor; 

Right: Wing Plow Camera) 

 

3.2 System Software  

UDOT utilizes the Verizon NetworkFleet software interface to manage their vehicle fleet equipped with the 

Verizon AVL system. The NetworkFleet software allows for access of multiple users and can assign 

different levels of privileges for access to different features of the system. UDOT staff that are designated 

as Administrators within the software can assign other UDOT staff to certain levels as Supervisors, 

Managers, Technicians, and other levels.  Multiple UDOT staff are then able to access the portions of the 

NetworkFleet software with a specific username and password that they need to perform their activities 

related to snow plow operations and maintenance.  All data that is reported from UDOT vehicles to the 

NetworkFleet software resides on a Verizon server.  However, UDOT does download select data from the 

Verizon server to backup and store in its GIS database. 

 

One of the primary features of the software is the ability to generate automated alerts as desired by 

UDOT maintenance staff for items of interest.  These alerts can be configured to be sent via email to the 

appropriate maintenance staff.  UDOT Maintenance Supervisors can also use the NetworkFleet software 

package to have automated reports generated for specific system users on items of concern, namely 

vehicle idling for extended periods of time or high speeds of travel in excess of pre-defined speed values 

on specific routes.  These reports can be presented by supervisors to specific drivers as informational 

reports, which have had an observed positive impact on driver behavior. The information can also be 

used for training, retraining and coaching of new or targeted drivers. 
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Figure 7. Screenshot of Verizon NetworkFleet Software Interface for Vehicle Tracking 

 

3.3 Additional Software Interfaces 

UDOT staff noted that Verizon was one of the few AVL/GPS vendors that was willing to provide them with 
access to the Application Programing Interface (API) designed by Verizon for the reporting of data from 
vehicle hardware to the Verizon servers for viewing the NetworkFleet software package.   
 
The availability of the API allows for UDOT staff to download select portions of raw vehicle data reported 
to the Verizon server and store the data on a UDOT GIS database.  For example, UDOT GIS staff are 
able to capture data attributes reported to Verizon on UDOT vehicle latitude and longitude coordinates at 
a sufficient frequency (once every 30 seconds during winter months, and 2 minutes during summer as 
plow locations are turned off for the public interface).  These latitude and longitude points can then be 
used to display the vehicle location on the UDOT traffic information webpage and mobile app. Snow plow 
vehicle locations can be viewed on the UDOT traffic information webpage, as shown in Figure 8, at the 
following web address: http://udottraffic.utah.gov/RoadWeatherForecast.aspx.   Figure 9 displays the 
vehicle locations on the UDOT traffic information mobile app.   

http://udottraffic.utah.gov/RoadWeatherForecast.aspx
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Figure 8. PC-Based Image from UDOT Traffic Information Webpage with Snow Plow Locations 
 
 
 

        

Figure 9. Mobile Device Image of UDOT Traffic Information Page with Snow Plow Locations 
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Layer for 

Snow Plow 
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3.4 Vehicle-to-Center Communications 

Cellular communications over the Verizon wireless network is the center-to-vehicle communications 
method for transmission of vehicle data to a central server.  All data from UDOT vehicles is initially stored 
on the Verizon server.  Through the use of the API provided by Verizon, UDOT then downloads select 
portions of the raw data from the Verizon server to a UDOT server and stores the data in its GIS 
database.  
 

UDOT noted that Verizon provided good cellular coverage of snow plow routes throughout the state 

despite some gaps that are acceptable.  In the event of loss in cellular coverage, vehicle hardware stores 

data that cannot be communicated until it returns to cell coverage to forward that information to the 

Verizon servers. 

 

 

4. Decision Making Process 

4.1 Level of Management Involved 

As noted previously, UDOT determined in 2014 to install AVL/GPS technology in winter maintenance 
vehicles primarily to increase the public transparency of their operations to the general public by providing 
snow plow locations to the general public via a public UDOT traffic information page.   
 
This overall objective was communicated from the executive director to Utah DOT maintenance staff for 
investigating how best to achieve the objective through on-board vehicle technology.  UDOT had 
previously tested a pilot program with a Precise AVL/GPS system in 2012.  Some issues encountered at 
that time related to sensor reliability and internal resources to make beneficial use of the data. 
 
In order to gain a better knowledge of the overall capabilities of AVL/GPS systems and technology and 
develop a budgetary estimate for the deployment of an AVL/GPS system, UDOT sent out a Request for 
Information (RFI) in 2014 to industry providers of AVL equipment requesting information on system costs, 
types of technology, and other items of interest.  General questions posed by UDOT in the RFI are bullet 
listed below:  
  

 Connectivity Type Questions / Subjects 
─ Cellular / Wi-Fi / Satellite connectivity 
─ How system handles areas of no coverage 
─ Experience sending information in real-time 
─ Transmitting real-time images through vehicle cameras 

 Data Collection / Storage / Hosting Questions / Subjects 

─ Database configuration 

─ Physical location of database servers 

─ Provision of interactive webpage / smartphone application 

─ Data retainage period 

 Sensor Function Options Questions / Subjects 

─ Integration of sensors from proposed system 

─ Transferability of system equipment from one vehicle to another 

 Cost Estimate Questions / Subjects 

─ O&M System costs 

─ Ongoing communications costs 
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4.2 Factors Considered 

The responses to the RFI related to costs indicated that UDOT would not be able to deploy a 

comprehensive AVL/Materials usage systems on a statewide basis as desired from the onset.  Due to 

financial constraints, UDOT had to find a balance between the collection of plow location data vs. the 

gathering of material usage data through integration with existing vehicle spreader controllers and other 

equipment/devices.  Given the priority of increasing public transparency of winter maintenance 

operations, UDOT desired to proceed with the Verizon AVL/GPS system as Verizon was the most cost-

effective way to get statewide coverage of all Class 8 snow plows. Verizon also offered an API to migrate 

data to a public interface and provided vehicle diagnostics to help UDOT with vehicle maintenance and 

repairs. 
 
UDOT was able to leverage a pre-negotiated contract that Verizon had entered into in 2011 with the 
Western States Contracting Alliance (WSCA), which is currently managed by the National Association of 
State Procurement Officials (NASPO).  The state of Utah was a member of the WSCA and utilized that 
contract to purchase the associated hardware and software required for their AVL/GPS system.  With this 
contract, UDOT did not need to release an RFP to solicit vendors for AVL/GPS solutions. 
 

5. Data Collection and Management 

This section provides details on the data collection and management of the AVL/GPS system by UDOT. 

5.1 Data Collection 

All data from UDOT vehicles is initially stored on Verizon servers communicated from UDOT winter 
maintenance vehicles.  Through the use of the API provided by Verizon, UDOT then downloads select 
portions of the raw data from the Verizon server to a UDOT server and stores the data in its GIS 
database. Verizon stores UDOT AVL data on its server for one year. 
 

The following types of data are collected by UDOT at 30 second intervals for storage and review on their 

database: 

 

 Vehicle Identification Number (VIN) 

 Fleet Identification Number 

 Message Timestamp  

 Vehicle Latitude and Longitude  

 Vehicle Ignition Status 

 Vehicle Speed (MPH) 

 Vehicle Odometer 

5.2 Data Accuracy  

The following general issues with data accuracy were identified by UDOT staff.  Any data inaccuracies 
that have been observed are was mainly due to the following: 
 

 Downtown areas due to urban canyons 

 Canyon areas where cellular coverage was spotty 

 Data was not detailed enough with a 2-minute polling rate, so the polling rate was reduced to 30-

seconds 

 Vendor’s mobile application was poorly designed, hence UDOT staff decided to use the UDOT 

mobile traffic application when in the field  
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5.3 Staffing and Resources  

UDOT is supported internally by GIS staff resources for developing and maintaining the GIS interfaces 
and database. Most of the resources were dedicated to the initial development of the GIS database and 
making vehicle location information available on the webpage.  UDOT had a team of two to three GIS 
staff members working on integrating the AVL data with the GIS database as well as developing additional 
products and analysis tools to assist with winter maintenance operations and performance management.  
UDOT noted the level of support from GIS staff was sufficient. 

5.4 System Data Usage 

Given the overall objective of increasing public transparency of winter maintenance operations, UDOT 

utilizes the data that they pull from the Verizon API for sharing UDOT snow plow locations through the 

UDOT traveler information webpage and UDOT Traffic mobile app.  UDOT contracted with the Narwhal 

Group to assist with making the AVL data available on the UDOT webpage and mobile app as well as 

making additional enhancements.  The Work Order related to the web and mobile app enhancements is 

included in Appendix C.   

 
UDOT Maintenance staff utilize the NetworkFleet software primarily for monitoring vehicle locations, 
operational analysis, and for post-storm analysis purposes. District Engineers and Area Supervisors use 
the software package on a more frequent basis than Station Supervisors, who also are active in plowing 
snow during winter weather events. Area Supervisors noted the ability to monitor vehicle locations to 
enable sharing and relocating resources was extremely useful. In addition to monitor vehicle locations, 
Area Supervisors felt the system was very useful for: 
 

 Verifying snow maintenance activities 

 Coupled with UDOT cameras, verifying and confirming pavement conditions 

 
In addition, UDOT uses the AVL system data for the following performance monitoring activities: 
 

 Snow and Ice Dashboard, which integrates AVL data with RWIS data and data from non-invasive 

“roadway grip” sensors to determine effectiveness of plowing operations. 

 New GIS based dashboards that are currently being developed to provide additional information and 

performance measures for the public facing web page. 

 Using records from past storms to observe past performance and identify contributing factors (e.g. 

types of material and equipment used), worth noting practices and lessons learned. 

UDOT has developed a Snow and Ice Performance Dashboard that has real-time statistics. UDOT 
maintenance crews utilize the real-time statistics to determine how effective they were at maintaining 
good road conditions during a storm. Several metrics go into creating the performance measure, including 
the intensity of the storm, length of time the storm is ongoing, resources allocated to the maintenance 
station covering the geographic area, field instrumentation on the RWIS units, and AVL data. The resulting 
information is utilized to measure storm performance, identify best practices and possibly re-allocate 
resources to better cover areas in need.   

Figure 10 below shows the dashboard when snow plows pass an RWIS station installed along US 6 at 
Soldier Summit.  Figure 11 presents a statewide view of winter storm statistics and overall performance.  
Figure 12 presents a display of storm performance reports that can be filtered by UDOT Region and along 
specific UDOT routes. 
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Figure 10. UDOT Snow and Ice Performance Dashboard at RWIS Station 

 

 

Figure 11. UDOT Snow and Ice Performance Dashboard Statewide View 
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Figure 12. UDOT Snow and Ice Performance Dashboard Storm Performance Reports 
 

UDOT GIS staff is currently developing a Snow Plow Tracking Dashboard, as presented in Figure 10.  
The dashboard draws from AVL data stored in the UDOT GIS database and shows the current UDOT 
snow plow locations, last plowed roadway segments, and additional metrics on the active plows.  The 
interface is internal to UDOT Supervisors and Managers and can provide an overall snapshot of storm 
response on a statewide or regional scale.  UDOT is also working on developing additional products and 
analysis tools for use by UDOT Supervisors and Managers in the coming year. 
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Figure 13. UDOT Snow Plow Dashboard (Under Development) 
 
UDOT District Engineers and Area Supervisors noted that they are able to use the NetworkFleet system 
and the “bread crumb” trail reports to address public complaints about the lack of snow clearance on 
specific roads or reported damage to parked vehicles by snow plows.   
 
UDOT supervisors are able to quickly run a report in a specific area over the range of time that the public 
complaint was received.  UDOT can then respond to the public complaint by presenting an image of when 
the snow plows had cleared snow along a specific roadway, or whether they were present along a 
roadway when damage had occurred to a parked vehicle.  It was noted that the general public has been 
pleased with UDOT’s responsiveness to the public’s complaints, even in cases where a UDOT snow plow 
was found to be liable for damage caused to a parked vehicle.  The ability to use the AVL data and bread 
crumb trail of where vehicles have been in past snow storm events has also helped to accomplish the 
overall goal of increasing public transparency with respect to winter maintenance operations.   
 
UDOT GIS staff are currently developing an algorithm that would automate the process of using the 
NetworkFleet software package to gather a bread crumb trail that would be used to respond to public 
complaints about either a lack of snow plowing along roadways or potential damage to parked vehicles 
caused by UDOT snow plows.  Currently, this a manual process where District Engineers or Area 
Supervisors will access the NetworkFleet software and search for bread crumb trails around the location 
and time of the complaint about winter maintenance operations.  The automated process will reduce the 
amount of time spent by UDOT staff in searching for information to be used in responding to public 
complaints. 
 

5.5 Agency Policy and Agreements for Data Sharing 

Regarding the sharing of vehicle locations on the UDOT traffic information webpage, additional steps are 
taken by UDOT to delay the reporting of vehicle location on the webpage by 2-3 minutes to alleviate 
driver concerns that real-time vehicle location could be used by individuals to plan specific attacks on the 
snow plow vehicles.    
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When the general public accesses the traffic information page either through a computer or mobile 
device, they are also presented with the following disclaimer which helps users to understand why there 
may be some observed inaccuracies in the route taken by snow plow vehicles:  

“The snowplow location feature on the UDOT Traffic displays information about actively working 
UDOT-only snowplows throughout the state of Utah. Plow location information is updated every 
3-5 minutes. This information is provided to help travelers make smarter decisions about where 
and when to travel. Please note that areas without cellular phone coverage will not show plow 
movements, even though plows may be working. Plow location information is provided for 
awareness and is not intended to redirect plow resources. Every attempt has been taken to 
ensure the data is as accurate as possible, however data discrepancies may appear at any time.” 

 

6. System Implementation Process 

6.1 Implementation Steps  

Upon selecting Verizon as the provider of the AVL/GPS system, UDOT requested Verizon to perform the 

installation of vehicle AVL/GPS hardware on UDOT snow plows.  Verizon performed the hardware 

installations on the vehicles and demonstrated the functionality and reliability of the system over a two-

month period for UDOT.  The vehicles were monitored by UDOT through the software package 

(NetworkFleet) by UDOT staff and features of the software were observed to confirm that the system was 

functioning properly. 

 
Upon successful completion of the demonstration, UDOT purchased additional Verizon hardware that was 
then installed by a Verizon team of subcontractors in about 90% of all UDOT winter maintenance vehicles 
prior to the 2015-2016 winter season.   
 
Since that time, all other UDOT maintenance vehicles have been equipped with Verizon units, and UDOT 
staff have been trained to perform the installation of Verizon hardware on new winter maintenance 
vehicles. 
 
UDOT technicians also install Verizon AVL hardware on roadside safety service patrol vehicles, referred 
to as Incident Management Team (IMT) vehicles, in the same manner as they do for UDOT snow plow 
vehicles.  IMT vehicles provide roadside assistance to stranded motorists or other vehicle incidents along 
UDOT roadways throughout the state. 

6.2 Procurement Methods and Process 

UDOT was also able to leverage a pre-negotiated contract that Verizon had entered into in 2011 with the 
Western States Contracting Alliance (WSCA), which is currently managed by the National Association of 
State Procurement Officials (NASPO).  The state of Utah was a member of the WSCA and utilized that 
contract to purchase the associated hardware and software required for their AVL/GPS system.  With this 
contract, UDOT did not need to release an RFP to solicit vendors for AVL/GPS solutions. 
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7. System Benefits and Costs 

7.1 Implementation Costs 

A summary of the Verizon AVL equipment costs provided to UDOT in 2015 are provided in the table 

below.  Note that unit cost prices were drawn from the pre-existing contract through the Western States 

Contracting Alliance (WSCA) entered into by Verizon. 
 

Table 2. Hardware, Installation, and Training Costs of UDOT AVL/GPS System  

Items Quantity Unit Cost Total Cost 

Hardware    

GPS only 191 vehicles $85.00 $16,235.00 

Diagnostics and GPS 309 vehicles $85.00 $26,265.00 

Accessories    

Sensor Harnesses 500 vehicles $10.00 $5,000.00 

Pin Harness 309 vehicles $35.00 $10,815.00 

Universal Pin Harness 191 vehicles $10.00 $1,910.00 

Alternate Power Adaptor 180 vehicles $20.00 $3,600.00 

Installation Cost 500 vehicles $65.00 $32,500.00 

Training 1 day $150.00 $150.00 

Sum of Hardware, Installation, and Training $96,475.00 

7.2 Costs for Operations and Maintenance 

The monthly cellular service costs for the various vehicle types are presented in the table below.  Note 

that the prices below were also drawn from the pre-existing contract through the Western States 

Contracting Alliance (WSCA) entered into by Verizon.    

 
Table 3. Monthly Service Charges for First Year of System Operations 

Items Quantity Unit Cost Total Cost 

Service Charges    

GPS only 191 vehicles $18.95 / month $43,433.40 / year 

Diagnostics and GPS 309 vehicles $19.95 / month $73,974.60 / year 

Sum of Monthly Service Charges for One Year $117,408.00 

 

In addition to the AVL/GPS system costs, UDOT also budgeted for the internal development required to 

pull AVL system from Verizon servers and present vehicle locations on the UDOT traffic information page 

for both PC and mobile devices.  The estimated development time for the traffic information web page 

and mobile application was approximately 10 weeks with an estimated cost of $55,362.00. 

7.3 Benefits 

UDOT staff provided many of the key benefits through the interviews conducted in November 2017.  
These benefits are summarized below. 
 

 Ability to provide records of plow locations and activities, which help achieve public transparency. 

─ Achieved through sharing of Verizon API with UDOT for reporting of vehicle locations. 
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 AVL data helps address liability issues and resolve tort claims. 

─ “Bread crumb” trail reports help address public complaints about the lack of snow clearance on 

specific roads or reported damage to parked vehicles by snow plows.   

 AVL data provides assistance in route planning and prevents gaps in plowing routes. 

─ Verizon software package used by District Engineers / Area Supervisors for monitoring locations 

of snow plow equipment during winter storm events. 

─ The system allows for more efficient resource sharing and relocation to fight major (particularly 

localized) storms. 

 AVL data with RWIS data provides real-time road conditions information.  Data are integrated in 

UDOT’s Snow and Ice Performance Dashboard. 

 The system facilitates better resource sharing and cross-regional coordination. 

─ District Engineers / Area Supervisors are able to request assistance from neighboring areas in 

the event of large storms impacting only a certain portion of the state. 

 AVL data supports performance management. AVL data enables UDOT to make performance 

measures available to the public, which in turn promotes public trust. 

─ UDOT GIS staff support the use of the AVL system and data through development of snow plow 

vehicle sharing information on public-facing webpages, as well as internal UDOT dashboard for 

monitoring overall storm response. 

 Vehicle diagnostics have helped UDOT mechanics optimizing their time by allowing for remote 

access of truck error codes to perform a preliminary diagnostic on mechanical issues. 

 

 

8. System Issues and Challenges 

8.1 Institutional Issues 

UDOT noted the biggest barrier for their AVL implementation was funding.  Due to financial constraints, 

UDOT had to find a balance between basic plow location tracking vs. more sophisticated features such as 

collecting material usage data. The need for public transparency on plow locations outweighed tracking of 

material usage and other features through AVL. 

The adoption of AVL/GPS systems by state DOTs in recent years has generally caused “Big Brother” 

concerns from snow plow drivers about the use of the system by supervisors to discipline drivers.  

Concerns may be questions raised about a vehicle was stopped at a given location for an extended 

period of time or why it was not on an assigned route. 

UDOT staff noted that these concerns have lessened over time as drivers realize that the system is not 

used in this manner by District Engineers or Area supervisors.  Drivers have found that the AVL/GPS 

system has also been able to exonerate them from public complaints about potential damage they may 

have caused through the use of the “bread crumb” trail reporting feature that supervisors can use to 

confirm where UDOT snow plows were in relation to the public complaint.   

Although it was noted by UDOT staff that there are still “Big Brother” concerns from drivers, it is 

anticipated these concerns will continue to lessen over time.   

Involvement from Districts and Regions is key to success. Exposing technology to people helps buy-in 

and implementation. UDOT worked with staff in each region to gain buy-in to the system. In addition to 
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providing continued training, UDOT holds monthly meetings with District Engineers to identify and discuss 

innovations. 

8.2 Technology Issues 

UDOT staff did not note any technological issues with the functionality of the AVL/GPS system from the 

vendor of equipment, or with the installation of the equipment by vendor staff.   

 

8.3 Procurement and Implementation Issues 

8.3.1 Procurement Issues 

UDOT staff did not report any procurement issues with the AVL/GPS system.  The ability to leverage a 

pre-existing contract through WSCA as noted previously expedited the overall procurement process given 

that UDOT did not need to release a Request for Proposals (RFP) as they had initially planned in 2014. 

8.3.2 Implementation Issues 

Installation of the system was smooth, and UDOT didn’t experience any issues. Verizon staff performed 
the hardware installations on the vehicles during the initial demonstration and then utilized a team of 
subcontractors to complete installations in about 90% of all UDOT winter maintenance vehicles prior to 
the 2015-2016 winter season.  UDOT staff have since been trained to perform the installation of Verizon 
hardware on new winter maintenance vehicles. 
 
Additional wires and customized installation, however, was required on older trucks that did not have 
ODB-II ports. UDOT didn’t experience any issues with maintenance of the system either.  UDOT noted 
some issues with other equipment on the snow plows: 
 

 UDOT experienced issues with plow sensors and gate sensors due to rusty or loose connections of 

wires. However, the sensors were very reliable with approximately 2 to 3 failures over more than 500 

units over the past years. 

 There were still gaps with cellular coverage. Verizon had the best coverage, but it was noted at about 

75% to 80% of the state.  It is anticipated that coverage will expand over time to remaining gaps. 

8.4 Operations and Maintenance Issues 

UDOT staff did not note any operations and maintenance issues with the overall system.  Vehicle 
hardware has been reliable in terms of its operation, and UDOT staff noted that Verizon has been 
responsive to questions regarding the use of NetworkFleet as a software package by UDOT District 
Engineers / Area supervisors.    
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9. Lessons Learned 

The following lessons learned are offered based on the UDOT case study. 

 The ability to monitor winter maintenance vehicle locations enables improved resource sharing and 

allocation as well as cross-regional coordination. 

 AVL data supports winter maintenance performance monitoring and management.  Integrating AVL 

data with RWIS data and other real-time road conditions information helps better situational 

awareness and facilitates improved winter maintenance practices.  Coupled with UDOT cameras, 

real-time road conditions information help verify and confirm pavement conditions. 

 Involvement from leadership at District and Region levels is key to buy-in and implementation 

success.  In addition to providing continued training to gain buy-in to the system in each region, 

UDOT holds monthly meetings with District Engineers to identify and discuss innovations, best 

practices, etc. 

 Making vehicle location data and associated performance measures available to the public promotes 

public trust. 

 Showing the vehicle locations on the public webpage doesn’t create issues or damages to drivers, 

which helps alleviate drivers’ “Big Brother” concern. 

 Delaying vehicle location reporting on the public webpage by 2-3 minutes alleviates driver concerns 

that real-time vehicle location could be used by individuals to plan specific attacks on the snow plow 

vehicles. 

 

UDOT noted their future plan related to expanding the system capabilities to winter operations. The future 
plan includes: 

 Integrating AVL system with spreader controllers to gather material usage data. 

 Further development and enhancement of performance measures and management program. 

 Investigating and implementing connect vehicle technologies. 

 Equipping DSRC to snow plows to help with signal priority and I2V communications. 
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Appendix A Survey Response 
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Appendix B UDOT 2014 Request for Information 

 



Utilization of AVL/GPS Technology Case Study: Utah DOT  

26 

 



Utilization of AVL/GPS Technology Case Study: Utah DOT  

27 

 



Utilization of AVL/GPS Technology Case Study: Utah DOT  

28 

 



Utilization of AVL/GPS Technology Case Study: Utah DOT  

29 

 



Utilization of AVL/GPS Technology Case Study: Utah DOT  

30 

 

 



Utilization of AVL/GPS Technology Case Study: Utah DOT  

31 

Appendix C UDOT Work Order for Snow Plow Location 

Reporting on Traffic Information Webpage and Mobile App 
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