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Utilization of AVL/GPS Technology Case Study: Michigan DOT

1. Overview of Michigan DOT Winter Maintenance
Operations

This section provides an overview of this Case Study report detailing how the Michigan Department of
Transportation (MDOT) 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:

e 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

e 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 MDOT was categorized into Tier 2 and
ultimately selected for further in-depth interviews to gather more information on how their AVL/GPS
system is implemented and utilized. MDOT’s survey responses are included in Appendix A of this Case
Study.

1.2  Agency Characteristics

MDOT is divided into seven different regions as shown in Figure 1. MDOT uses both MDOT Direct
Forces and contract county agencies to perform winter maintenance activities on Interstates and State
routes. MDOT winter maintenance personnel operate out of the Region and Transportation Service
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Center (TSC) offices and perform snow plowing on Interstates and State routes within each region.
MDOT contracts individually with many counties in the state as well to perform winter maintenance. In
general, MDOT Direct Forces perform snow plow operations on about 30% of the Interstates and State
routes within the state, while Counties maintain the other 70%, as shown in Figure 2.

On average, MDOT spends roughly $100 million on winter maintenance each season, which represents
approximately forty percent of its total maintenance budget.?

REGION OFFICE W
TSC OFFICE A
REGIONTSC OFFICE @
weLcome center it
TSC BOUNDARY wem

SOUTHWEST UNIVERSITY

Figure 1. MDOT Regions?

1 Source: https://ops.fhwa.dot.gov/weather/best_practices/casestudies/015.pdf
2 Source: http://www.michigan.gov/mdot/0,4616,7-151-9623-36042--,00.html
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Figure 2. MDOT and County Partnership
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1.3  Agency Interviews

MDOT staff were interviewed on Nov. 30t, 2017 at MDOT offices in and around Lansing, MI. Table 1 lists
those individuals that were interviewed for the project.

Table 1. Agency Interview Dates / Times

Staff Interviewed Date / Time Subjects Discussed
Melissa Longworth, Michigan DOT Nov. 30th/ Hardware installation
Ben Hodges, MDOT Maintenance Supervisor 7:30am Technology issues and testing
Mark Crouch, MDOT Maintenance Coordinator Operations
Matthew Pratt, MDOT Maintenance Coordinator Maintenance
Melissa Longworth, Michigan DOT Nov. 30t/ Implementation and Integration
Matthew Pratt, MDOT Maintenance Coordinator ~ 10:00am Decisions
Greg Perry, MDOT Operations Engineer Hardware and Software Selection
Tim Croze, MDOT Manager of Maintenance Data Collection, Utilization and
Services Management
Justin Droste, MDOT Asset Management Communications
Engineer Implementation Issues
Sean Mulligan, Parsons Software Support Operations Issues
Procurement

Costs and Benefits
Recommendations and Lessons
Learned

2. Degree of AVL/GPS Implementation

2.1 AVL/GPS Project Background

MDOT executive management expressed a desire to investigate AVL/GPS systems in early 2013 and
requested operations and maintenance staff to review available system options. MDOT surveyed other
states through the Clear Roads program and also through the Maintenance Decision Support System
(MDSS) Pooled Fund studies on lessons learned in the overall process.

One of the lessons gathered by MDOT was related to the challenges of managing separate contracts for
both an AVL/GPS system and an MDSS provider, in addition to other contracts for cellular equipment,
could create issues with the coordination required between multiple contractors for implementation and
integration. From this research, MDOT determined to proceed with the procurement of a single contractor
that would be responsible and accountable for the management of both the AVL/GPS system and the
MDSS system implementation and operations.

2.2 Size of AVL/GPS Implementation

MDOT has procured and installed AVL/GPS equipment on all of its snow plow trucks (approximately 340)
throughout the state. As noted previously, MDOT also contracts with Counties throughout the State to
perform winter maintenance on Interstates and State routes. The procurement was for MDOT owned
snow plow vehicles only and didn’t include any County-owned snow plows.

MDOT has also integrated the AVL/GPS system hardware on its snow plows with the following on-board
winter maintenance equipment:
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DICKEY-john ControlPoint spreader controllers
RoadWatch pavement temperature sensors
Wing plow position sensors

Tow plow position sensors,

Gate sensors,

Hydraulic meter sensors, and

Front-facing Logitech vehicle dash-cams.

The AVL hardware is also connected to the existing vehicle on-board diagnostics port (OBD-II port) for
reading vehicle diagnostic codes.

2.3 AVL/GPS Vendor Solution

MDOT selected Parsons as the vendor that was responsible for providing the AVL/GPS hardware and
software, as well as for the management of the system’s integration with the MDSS software provided by
Iteris. Parsons subcontracted with Iteris for MDSS services, Verizon for communication services, and
partnered with DICKEY-john for spreader controller integration.

3. Level of System Integration

3.1 Vehicle Hardware

The vehicle hardware component of the MDOT AVL/GPS is the Parsons MDC-004 hardware which
includes a touch screen and hardware as pictured in Figures 3 and 4. The hardware or the “black box”
contains the cellular modem, power supply, and computer processor to collect and process data from all
other vehicle equipment, such as spreader controllers and plow position sensors. This hardware is
generally installed behind the driver seat or the passenger seat of the vehicle and attached to the vehicle
in an upright position to allow for access to the cabling leading to the hardware. Figure 5 illustrates some
of the views on the touch screen that are available to drivers within the cab of the vehicle.

Figure 3. Mobile Data Computer (MDC) and AVL Hardware (above) and Back View of MDC,
Antennae and Cable (below)
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Touch screen interface
of MDC-004

|

MDC — Located
Behind Passenger
Seat

Figure 4. Location of Parsons AVL Hardware in MDOT Snow Plow

Review Screen Weather Radar View

Figure 5. Touch Screen of the AVL System

As noted previously, the AVL hardware was integrated with the following equipment for data reporting:

DICKEY-john ControlPoint spreader controllers
RoadWatch pavement temperature sensors
Wing plow position sensors

Tow plow position sensors,

Gate sensors,

Hydraulic meter sensors,

OBD-II port, and

Front-facing Logitech vehicle dash-cams.
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DICKEY-john
ControlPoint
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Controller Screen
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Figure 6. DICKEY-john Spreader Controller Screen in MDOT Snow Plow Vehicle

The RoadWatch pavement temperature sensors are mounted on the exterior of the vehicle with wires tied
to side view mirror. Cabling is run through the vehicle and into the vehicle where it connects with the AVL
hardware.

Figure 7. RoadWatch Pavement Temperature Sensors on MDOT Snow Plow Vehicle

Images of an MDOT wing plow and tow plow are provided in the Figure 8. A mercury sensor indicates the
position of the plow, whether up or down, and the sensor is then wired into the AVL hardware. MDOT
snow plows also feature under-belly plow blades for snow clearance. Given the effectiveness of these
plow blades, MDOT snow plow vehicles do not have any front-mounted plows like many other agencies.
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a

Figure 8. Wing Plow and Under-Belly Plow (above) and Belly Sensor and Tow Plow Sensor (below)

MDOT staff noted that vehicle camera images are taken once a minute and those pictures then appear
within the AVL / MDSS software interfaces for review by MDOT maintenance supervisors. The cameras
are manufactured by Logitech and are provided by Parsons for installation by MDOT vehicle staff. The
dash-cams are also wired into the AVL hardware for sending images taken once a minute.
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Figure 9. MDOT In-Vehicle Camera Image of Snow Plow Operations

3.2  System Software and Interface

MDOT utilizes two separate software packages that are described further within this section: one for the
AVL/GPS system provided by Parsons, and a separate software interface for the MDSS functionality
provided by lteris.

3.2.1 AVL/GPS System Software

The AVL software package presents a map-based interface that allows MDOT staff to view the locations
of snow plow vehicles in the field, which can be filtered in multiple ways (i.e. by region, by county, etc....).
The interface allows for selecting specific vehicles on the map and viewing information about that specific
vehicle.

MDOT staff noted that the map-based interface is not as user-friendly as other Windows-based
interfaces, and requires training on how to navigate through various features. Snow plow locations are
also shared with the public-facing MiDrive traffic information website that presents traffic and roadway
information with the general public. It was noted that there is a small lag of about three to five minutes of
when vehicle locations are reported.

The AVL software can run automated reports that can assist maintenance staff to identify when issues
may be occurring with AVL hardware. The reports can be custom-developed to provide alerts on items of
interest for maintenance staff, which can assist in preventative maintenance of the vehicles. Through the
software, MDOT staff can use a filter to view snow plow vehicles at specific garages and then view the
date and time stamps of specific data elements. The absence of any data in the software reported from a
vehicle is often a quick way to identify when antennae may not be functioning or when AVL hardware may
be malfunctioning. MDOT maintenance staff can then review that specific vehicle and perform the
needed repairs, or request assistance from the AVL vendor as needed if replacement parts are required.
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Figure 10. Parsons AVL System Interface Graphic
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Figure 11. MDOT MiDrive Public Website with AVL Vehicle Locations Shown (Circled)

The most frequently used reports by MDOT staff include reports for blade usage, material usage, and
speed compliance. The speed compliance report is an example of a custom-developed report for MDOT
that can indicate the speeds of snow plows as they apply material. A recent MDOT study has found that
25 MPH is the ideal speed to ensure that salt remains on the road and does not scatter outside of the
travel lanes. Reports on snow plow drivers can be generated for instances where speeds are detected in
excess of 25 MPH. The reports can be used to discuss best practices with the drivers about maintaining
travel speeds in the desired 25 MPH range.
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The structure of this speed compliance report, and other reports within the AVL system, were requested
by MDOT to be provided by the AVL vendor (Parsons) for future analyses by MDOT staff. These reports
also help ensure the efficiency of snow plow operations.

3.2.2 MDSS Software

The MDSS software interface provided by lteris is used for monitoring weather forecasts and determining
the most efficient times and locations for roadway treatment. Multiple types of alerts can be presented on
upcoming weather, road conditions, and where blowing snow would be predicted, along with maintenance
alerts that provided treatment recommendations on material to be applied to specific roadways.

MDOT archives its previous treatment for the past 24 hours and can look ahead to the next 24 hours as
well and see how past roadway treatment may be impacting recommendations, since a comparison of “no
treatment” is presented alongside the current treatment by MDOT. It was also noted that the mobile
application has been more useful to snow plow drivers than the laptop / PC-based version given that
drivers do have mobile devices for viewing the interface in the field.

MDOT staff noted that the integration of the AVL functionality and vehicle locations within the MDSS
software package provides MDOT maintenance supervisors and operations staff with the most effective
tool for responding to winter weather events. MDOT staff noted that only a handful of states have
performed the integration given the integration effort involved, but that it has proven to be effective for
winter maintenance operations.
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Figure 12. MDSS Screenshot of Weather Forecast
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Figure 13. Iteris MDSS Screenshot

3.3 Vehicle-to-Center Communications

The AVL hardware is equipped with a cellular modem for the purpose of communicating vehicle location
and other data gathered in the AVL system to the servers that store data for presentation on the AVL
software package. A cellular antenna is also installed on the roof of the vehicle and wired into the AVL
hardware inside the vehicle.

It was noted by MDOT staff that the cellular service provided covers all the of MDOT maintenance areas.
In the event of any gaps in cellular coverage, the AVL hardware stores any data that is gathered and then
forwards the data once is it is back within cellular coverage.

4, System Decision Making Processes

4.1  Level of Management Involved

The main impetus behind MDOT’s AVL and MDSS implementation was to provide a tool to allow
maintenance garage supervisors to make more informed decisions on attacking winter storms using real-
time operational data, current and forecasted weather information and scientific models that predicts how
the forecasted weather would affect road conditions. MDOT also desired a system that could assist in
asset tracking and speed compliance reporting. MDOT executive management expressed a desire to
investigate AVL/GPS systems in early 2013 and requested operations and maintenance staff to review
available system options. The MDOT Division of Operations Field Services leadership was responsible
for initiating this project.
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4.2 Factors Considered

MDOT desired to implement a system that could help measures positive impacts on labor efficiency,
material usage, fuel consumption, and asset management. To gain a better understanding of the
potential benefits of an AVL/GPS system on winter maintenance operations, MDOT surveyed other states
using the technologies through the Clear Roads program and the Maintenance Decision Support System
(MDSS) Pooled Fund Study. MDOT realized that a comprehensive solution that marries AVL technology
and MDSS services would deliver the desired results for effective management of its fleet and winter
operations.

One of the lessons gathered by MDOT was related to the challenges of maintaining separate contracts for
both an AVL/GPS system and an MDSS provider, in addition to other contracts for cellular equipment,
could create issues with the coordination required between multiple contractors. Based on this finding
along with the desired aggressive implementation schedule, MDOT proceeded with the procurement of a
single contractor that would be responsible and accountable for the management of both the AVL/GPS
system and the MDSS system operations.

MDOT decided that it was desirable to allow for the selected AVL/GPS system vendor to store all data
collected by the system, though MDOT would still retain ownership of all the data collected by the system.
This arrangement would reduce the amount of coordination required with MDOT internal IT staff and also
help expedite the deployment of the system prior to the 2013-2014 winter maintenance season.

5. Data Collection and Management

5.1 Data Collection

All AVL system data communicated from MDOT vehicles is stored on a server managed by Parsons as
the AVL system provider. AVL system data is reported from vehicles to the central server once every
minute. The data is available for review by MDOT staff through the AVL software interface. Data
collected by the AVL system include:

e  Vehicle location, speed and direction

e Air and pavement temperatures

e Plow/blade positions

e  Wing plow and tow plow usage

e  Types of material applied

e  Material application rate and amount used

o Engine diagnostic data

e Dash cam images

MDOT chose to have the AVL vendor store the data on an off-site server due to challenges associated
with MDOT IT security. MDOT still owns the data and can obtain it at any time. All data were warehoused
since the beginning and were saved for the lift of the contract. Only 12-month data was kept as “active”
and the remaining data was archived but still accessible. The AVL system data is shared with and can be
accessed by MDOT Transportation Operations Centers (TOCs) and MDOT ITS Data Use Analysis and
Processing (DUAP) program. The data is also fed into the MDSS. The MDSS accesses the AVL data
directly through Parsons’ server and uses the data along with other weather information to generate
weather forecasts and treatment recommendations.
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MDOT also extracts raw data directly from the AVL software interface for separate analyses and internally
developed reports on statewide and regional performance related to snow plow operations.

5.2 Data Accuracy

MDOT staff have gained experience with the use of the AVL/GPS software interface and the MDSS
software interface since the beginning of the system installation in the 2013-2014 winter season. In
general, MDOT was satisfied with the accuracy of the vehicle location tracking feature. MDOT noted that
the accuracy of material usage would be closely related to how snow plow drivers use the system in the
field.

For example, while the MDSS software can present an estimated amount of material applied by snow
plow drivers, the measure of material applied is drawn from the operation of the spreader controller,
regardless of whether material is being applied. Snow plow drivers may allow the vehicle spreader
controller to operate throughout an entire driver shift to keep the vehicle augur from freezing up in cold
temperatures, which results in a higher amount of material usage reported through the software.

In other instances, snow plow drivers are required to report the observed weather and pavement
conditions using the in-vehicle touch screen display as part of the AVL/GPS system. Drivers’ inputs,
along with other AVL data, are valuable data that are used by the MDSS to generate treatment
recommendations. A lack of reported inputs from snow plow drivers through the AVL system can lead to
less accurate treatment recommendations provided to drivers through the AVL/GPS system.

Continued training of MDOT snow plow drivers on proper use of the system can lead to increased
accuracies of the material usage reported, as well as increases in the accuracy of the treatment
recommendations.

5.3 Staffing and Resources

Staffing and resources needed for data collection and management were not an issue with MDOT since
all data were stored and managed by Parsons and Iteris. MDOT maintenance supervisors use the
software interfaces to access the data to assist in winter maintenance as part of their regular tasks.
MDOT staff continue working with Parsons and lteris to enhance the software interface features and
capabilities.

One of the next steps that MDOT envisions with the MDSS software interface is the creation of a Reports
module that would be able to run the same kind of reports that MDOT runs through the AVL software
package. This will reduce the amount of MDOT staff time spent running two separate software packages
and improve the efficiency of MDOT maintenance supervisors in reviewing past winter weather events.
MDOT also desires to implement automated reports within the MDSS software package to reduce the
amount of time spent completing paperwork that snow plow drivers at the end of their respective shifts.

5.4  System Data Usage

MDOT staff use the data from the AVL system and the MDSS for monitoring vehicle locations and road
weather conditions, staffing and resources allocation and planning, material usage tracking, performance
monitoring and reporting, research, among others. Measuring the efficiency of salting operations is one
key measure that MDOT produces statewide by region and by County where AVL system data is installed.
Figures 14 and 15 show a statewide summary and the Grand Region summary for reference on FY 2017
direct force salt efficiency data. The key salt effectiveness measure MDOT has learned through previous
research is that salt scatters outside the travel lanes as snow plows travel in excess of 25 MPH while
applying salt to the travel lanes.
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A summary of other ways in which MDOT utilizes the system data is presented below.

The AVL system is used to track vehicle engine hours to schedule preventive maintenance for winter
maintenance trucks.

MDOT uses the AVL data to identify issues with system malfunctions, such as using missing data to
investigate if antenna is not working properly or MDC is malfunctioning.

The AVL data is used to track snow plow vehicle speed and location. Vehicle location information is
also shared on the MiDrive website to the public.

The AVL data is used to record types of material applied and application rates. MDOT supervisors
use the AVL software to generate material usage reports.

The AVL data is used for salting speed compliance reporting.
The system data is also used for tracking blade usage.

MDOT supervisors use the data for operational and resource planning according to the MDSS
weather forecasts and treatment recommendations. MDOT supervisors monitor weather events,
determine the optimal time to call in snow plow drivers, and determine the best course of material
application.

MDOT also uses the data for post-storm reviews. It allows MDOT to review the effectiveness of
roadway maintenance activities and identify lessons learned, areas for improvement and best
practice.

Dash cam images are used by supervisors to view the conditions of the roadway or corridors as
experienced by the snow plow driver.

MDOT also uses the data for research. For example, MDOT was able to use the system data to
conduct a research project to determine which speed was optimal for spreading materials such as
salt, brine, sand, and other de-icing chemicals.

System data are shared with MDOT TOCs. TOCs use the near real-time operational data from snow
plows to observe roadway conditions and improve incident response.

Figures 16 and 17 on the following page present a statewide summary for FY 2017 on MDOT County and
Garage winter material usage, where a FY17 year-to-date (YTD) measure of salt usage is compared
against a 5-year average of salt usage. The measures allow readers to compare how MDOT regions are
performing with respect to each other and to their respective 5-year averages.

Figures 18 and 19 present a similar type of summary for the MDOT Grand Region for FY 2017. Figure 19
presents at a more detailed level as how each County and Garage within the MDOT Grand Region
performed with respect to their 5-year average.

Those reports illustrate how MDOT uses data gathered from the AVL / GPS system to monitor and report
performance measures on material usage and efficiency across multiple regions and counties over time.
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5.5 Agency Policy and Agreements for Data Sharing

Snow plow locations reported by the AVL/GPS system are shared with the public-facing MiDrive traffic
information website that presents traffic and roadway information with the general public. It was noted
that there is a small lag of about three to five minutes of when vehicle locations are reported to the
general public. MDOT cited public transparency was a key reason for sharing the snow plow locations
with the public.

MDOT shared the system data with its TOCs for traffic operations and management purposes. The
system data was not shared with other agencies outside of MDOT. However, MDOT has provided MDSS
access and training to their contract Counties as a partnering effort. Counties can use the MDSS web
interface to obtain location specific weather information and can see MDOT trucks and routes information
that may border their maintenance areas. Some counties expressed interest in adding MDSS
maintenance forecast routes in County maintained areas. MDOT is current exploring the possibility of this
expansion.

6. System Implementation Process

6.1 Implementation Steps

Through initial research and survey of other AVL and MDSS users, MDOT noted many agencies
administered separate contracts for AVL implementation and MDSS services. In some cases, agencies
also managed separate contracts for cellular communications and data storage and management.
Administering multiple contracts and vendors requires more agency staff time and takes away staff
attention in efficiently managing the overall project. As such, MDOT management determined that the
best approach to procure the system is to use a single all-encompassing contract.

MDOT released an RFP in spring of 2013 and requested a single point of contact from a Contractor that
would be responsible for implementing an AVL system, the MDSS services, communications, data
storage and management and system integration, as a means of ensuring accountability in delivering a
fully integrated system by the selected Contractor.

The RFP included:

e AVL equipment and services for MDOT winter maintenance trucks
e  AVL equipment for MDOT's light fleet

e  Communication services

e Data storage and management

e Statewide MDSS services

e Training to MDOT staff

MDOT expressed its desire for the integration of the AVL system with other equipment and technology on
the winter maintenance vehicles from the beginning of the contract start date and allowed the Contractor
to determine the most optimal plan for delivering the integration for MDOT winter maintenance operations.
Through frequent meetings and communication with the Contractor and its project team, MDOT achieved
the desired outcome of implementing the system prior to the 2013-2014 winter season.

19



Utilization of AVL/GPS Technology Case Study: Michigan DOT

MDOT staff performed the installation of AVL/GPS hardware on as many MDOT vehicles prior to the
2013-2014 winter season as possible. Training was provided from the vendor on installation procedures
to be followed by MDOT vehicle mechanics.

Training on the system functions and operations was provided by Parsons during initial system
installation. Continued training sessions, both formal and informal, were provided annually. The MDSS
vendor also provided in-person training to MDOT staff on the use of the MDSS system interface.

6.2 Procurement Methods and Process

Prior to issuing an RFP for the project, MDOT consulted with other state DOTs through the Clear Roads
pooled fund group to survey other states and discuss best practices for the implementation of this project.
AVL/GPS and MDSS system requirements were gathered from other states that had recently gone
through a procurement process for similar systems. MDOT reviewed the AVL/GPS and MDSS system
requirements from other agencies prior to developing MDOT’s requirements in the RFP package.

The RFP was competitively bid utilizing the MDOT best value procurement process. Proposals were
reviewed by a Joint Evaluation Committee (JEC), and ratings were given based on requirements outlined
in the RFP. The final award determination was based on a formula that included the committee’s ratings
on the technical portion of the proposal as well as the pricing.

The best value selection method helped MDOT select a vendor that could meet the overall technical
requirements of the project based on past project experience, as well as provide the project management
services to work to meet the proposed aggressive schedule of the project.

6.3 Procurement Documents

The AVL/GPS system requirements from MDOT’s RFP package are included in Appendix B, and the
MDSS system requirements can be found in Appendix C.

7. System Benefits and Costs

7.1  Implementation Costs

A summary of the AVL equipment costs provided to MDOT in 2013 are provided in Table 2. Unit costs
presented in the table pertain only to MDOT Winter Maintenance Trucks (WMTs). The WMT AVL package
provided by the contractor included the AVL hardware in addition to other sensors and equipment
installed on the vehicles.

Given that MDOT was requesting a single contractor to be accountable for the combination of AVL/GPS
system integration with the MDSS software package, MDOT also requested project management costs in
addition to installation, website training, and other vendor services. The total cost of the services over the
span of the three year life span of the contract entered into by MDOT in 2013 is presented in Table 2. A
separate cost estimate was also provided for non-WMT vehicles, which represented other MDOT-owned
vehicles. Those costs are not included in Table 2.
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Table 2. Hardware, Installation, and Training Costs of MDOT AVL/GPS System

Items Quantity Unit Cost Total Cost

Hardware

WMT AVL Package Including:
AVL Hardware
Material Flow Meter Solid

RoadWatch Temperature Sensor 3:.38 $4250.49 $1,436,666.84
vehicles
Gate Sensor
Hydraulic Meter Sensor
Plow Blade Sensor
Installation, Training and Vendor Services
Project Management $341,833.32
Installation / Equipment Maintenance $55,900
Annual Website Usage Training 3 year contract items bid by $19,105.86
Annual Technical Support Contractor $178,616
Annual Data Storage $249,429.99
Annual AVL Website Management $79,373.00
Sum of WMT AVL Hardware, Installation, and Training $2,360,925.01

7.2  Costs for operations and maintenance

The monthly cellular service costs for the various vehicle types are presented in Table 3. Note that the
prices in Table 3 were requested for the three year life span of the project. For each year of the contract,
MDOT requested monthly cellular service costs for 6 months of high data consumption during the winter
period, and another 6 months of low data consumption during the summer period.

Table 3. Monthly Service Charges for First Year of System Operations
Items Quantity Unit Cost Total Cost

Service Charges

338 WMT trucks *

High Data Consumption $301,158.00 /

6-Month Period 6 months $49.50 / month 3 years total
3 years
Low Data Consumption 338 WMT trucks $133,848.00 /
: 6 months $22.00 / month
6-Month Period 3 years total
3 years
Sum of Monthly Service Charges for Three Year Contract $435,006.00

7.3 Benefits

MDOT noted that prior to the implementation of the AVL/GPS and MDSS systems, their approach to
winter maintenance was completely reactive. Once a winter storm would arrive, maintenance crews
would be sent out to and snow plow operators would apply roadway chemicals at their discretion on
where and when it should be applied.
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Since the system installation, MDOT’s approach to winter maintenance is much more proactive, and snow
plow operators are now spreading a correct amount of de-icing material at the correct time making the
agency much more efficient and effective. By combining current fleet operations measured through the
AVL/GPS system with an improved knowledge of future weather and roadway conditions from the MDSS
system, maintenance crews are better targeting employee efforts, reducing material application, and
decreasing equipment usage. Additionally, MDOT has been more proactive to changing weather to get
ahead of snow covered or icy conditions to provide the traveling public with a safer, better level of service.

8. System Issues and Challenges

8.1 Institutional Issues

MDOT staff noted that the AVL/GPS system and MDSS implementation had overall support from MDOT
executive management, and the arrangement of one Contractor being accountable for the entire project
expedited the overall procurement and installation of the system.

However, due to the aggressive schedule desired for system installation, a desired level of outreach to
users of the systems could not be performed.

MDOT noted that the goal of having all WMT AVL hardware units ordered, installed and reporting data by
January 2014 was not met. The timing of AVL hardware installations coincided with the start of the fall
and winter season, when MDOT vehicle mechanics were pressured by the daily task of keeping the
WMTs on the road. As a result, the AVL equipment installations became a lower priority to MDOT
mechanics once winter started, and keeping the WMTs operational during the continuous storm events of
the 2013-2014 proved to be a challenge.

8.2  Technology Issues

MDOT did not experience many technical issues with the technology. MDOT staff noted one issue was
the MDC would not start under low voltage. The MDC would turn on briefly but then shut off and would
not turn on again. MDOT suspected the issue could be due to wiring and has been working with Parsons
to identify the causes and solutions. MDOT noted specifying power supply requirements in the RFP
would likely alleviate the issue.

MDOT WMTs were equipped with DICKEY-john spreader controllers. The integration of the spreader
controllers with the AVL system was Parsons’ responsibility as defined in the contract. DICKEY-john was
a subcontractor to Parsons for the project. As such, the two vendors worked together to resolve any
integration issues.

8.3  Procurement and Implementation Issues

8.3.1 Procurement Issues

MDOT staff noted that the arrangement of one Contractor being accountable for the entire project
expedited the overall procurement and installation of the system. Selecting the right vendor partner is
crucial, and a “Best Value” selection helped MDOT select a vendor that could work to meet the
aggressive proposed implementation schedule and overall technical requirements of the project.
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8.3.2 Implementation Issues

MDOT desired to have the AVL system installed prior to the start of the 2013-2014 winter season. The
contract with Parsons for the AVL system installation was executed in late September 2013, at the
beginning of the fall season when MDOT vehicle mechanics were preparing MDOT snow plows for the
coming winter season. As noted earlier, Parsons provided training and MDOT mechanics handled the
AVL equipment installations on all MDOT WMTs. The aggressive schedule desired by MDOT could not
be met, as MDOT vehicle mechanics were pressured by the daily task of keeping the WMTs on the road.
As a result, the AVL equipment installations became a lower priority to MDOT mechanics once winter
started, and keeping the WMTs operational during the continuous storm events of the 2013-2014 proved
to be a challenge.

MDOT indicated that having agency mechanics install the vendor- supplied equipment creates an
atmosphere of ownership in the system among many of the mechanics. It also gave them firsthand
knowledge of how the equipment was installed and how it functions and interacts with other vehicle
equipment. This proved useful for future equipment maintenance and replacement.

MDOT also encountered a few installation issues. The AVL hardware (MDC) on the vehicle was initially
mounted in the center console area where it was susceptible to damage from liquid spills due to its
proximity to cup holders. MDOT relocated the MDC behind passenger seat to resolve the issue. The
MDC was initially installed with cable connector panel facing down and near the floor, as shown in Figure
20. MDOT quickly realized that it was challenge to access the cable connections with such installation.
Subsequently the MDC installation was adjusted to have the connector panel facing sideway to allow
easy access.

Figure 20. AVL Hardware Installation: Connector Panel Facing Down (right) and Connector Panel
Facing Sideway (left)

Another installation related issue was the wiring for the cellular / GPS antennae. Initially MDOT
mechanics didn’t want to drill an additional hole through the vehicle roof. As such, mechanics run the
antenna cables through an existing hole for one of the side markers on the roof as illustrated in Figure 21.
MDOT found out that the cables were susceptible to damage due to such installations. Subsequently
mechanics took corrected actions by drilling a hole through the vehicle roof and re-routed the cables.
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Figure 21. Improper Installation of Cellular/GPS Antenna Cables

MDOT also noted that different types of trucks and ages of trucks may require different cabling,
connectors, equipment mounting locations, etc. for installation. The variations in installation could not be
captured fully in the training for mechanics. Mechanics needed to be savvy and flexible to ensure needed
parts were ordered.

Some snow plow drivers expressed a dislike of the additional monitor in the trucks, which they felt was
too much to monitor given the high amount of other equipment already in the truck. Some drivers also felt
that they could use their smartphones to achieve some of the same functionality, namely the weather
radar images and weather tracking.

Some drivers also reported the brightness and color contrast of the monitors, especially in low light
conditions. MDOT expressed the desire to have an automatic dimming feature for monitors going forward
to ease the strain on drivers.

8.4  Operations and Maintenance Issues

MDOT staff noted that the process of equipment installation and training of staff on equipment installation
was condensed into a short amount of time in order to get system operational prior to the 2013-2014
winter weather season. Additional time to train vehicle mechanics on equipment installation and garage
supervisors on how to use the software would likely have reduced the number of issues that were
encountered.

MDOT noted one issue related to the system operations. Battery draw was a concern as there were
many devices drawing power from the same battery. MDOT installed a battery shut off switch to resolve
the concern.

No maintenance issues were experienced by MDOT. On rare occasions when the AVL hardware or
components failed, defected items were repaired or replaced under warranty.
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9. Lessons Learned

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

e Leveraging other agencies’ experience in RFP and requirements development, procurement,
installation and operations is extremely valuable.

e  Specifications of the system in the RFP should not be too specific to limit agency’s options and
flexibility.

e Using an all-encompassing contract to hire one single vendor to be responsible for delivering a
desired solution reduces agency staff resources required and helps integration of multiple systems;
although this approach might increase the overall project cost.

e  Support from executive management made procurement and roll-out quicker.
e  Outreach to users, especially prior to installation, helped reduce resistance and promote buy-in.

e An aggressive installation schedule may hinder agency’s ability and opportunity to perform desired
level of user outreach.

e Adequate training is key to buy-in and successful operation. Having tech-savvy staff performing
outreach, conveying key messages and supporting installation and operations helps alleviate
concerns and promote buy-in.

o Different types of trucks and ages of trucks may require different cabling, connectors, mounting
locations, etc. for installation.

e Ease for access and maintenance should be considered when selecting the mounting location for the
AVL hardware. In addition, the AVL hardware should be located to minimize potential damage due to
liquid, tools or other equipment.

e Battery draw can be a concern as there were many devices drawing power from the same battery.
Installation of a battery shut off switch could be a solution. Understanding of the power requirements
and consumption of individual devices helps better identify the problems and allows agencies to
define and include specifications for power supply and consumption in RFPs.

¢ Timing of the AVL system installation should be arranged to avoid conflicting with winter seasons
when the availability of winter maintenance vehicles may be limited.
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Appendix A Survey Response
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Appendix B MDOT AVL/GPS System Requirements

Attachment B:
MDOT AVL-GPS System Requiremants

Requirements listed below are minimum specifications for the AYL-GPS Systemn and Sarvices

Cate;;unr

Equipmént ' )

Genaral
Vehicle Mounted Hardware — All eguipment must be solid state with no maving
parts such as fans and all caommunication hardware shall be fully integrated into the
housing with no apenings. The unit wiifxlge enclased by a ruggedized case.

B.12

All equ'ip ment must be “off the shelf” and currently used by other agencies/ groups
for VL.

B.1.3

B4

Al equipment- shall bo uniform within the two asset classifications [WhAT and MNon-
WHT) and must be operalional across all vehicle types.

System Date Storage - Tha system must support 2t least 1 GB flash memory for
starage of data over extended periods of power loss or 48 hours of observations
whichever is greater. (This aliows for staring 21l readings until 802,11 b/g or GPRS
coverage is re-established than transmitting the stored data to provide an updated
histary af the vehicle.)

Delayed Data Transmission - The system st pr-;--rlrl:* Store and Forward
capabilities capable of storing over 1 GE of information while out of cellular
communications caverage and automatically forwarding the same when back in
coverage. {System collects vehicle activity data and gea-stamp data and stores
anhoard until data can be securely transmitted to provide a detailed historical
record of activity while In the field.)

| disatile the system during their shift whether Inadvertant or intentional )

Power Loss - The system must provide anility ta detect and report premuus power
loss IF unit is disconnected then reconnacted. (This reports if sormeone was to

Perwrer — The unit shall run off the vehiclas power system.

Upon vehicle ignition, the vehicle will automatically report Lo the system. No
aperator interface will be necessary to begin transmitting pesition and sensor data,
all information an vehicle status shall he stored and accessible an thraugh an anline
database

| battery.

AVL cantrol unit must festure 2 power management feature or “zleep mode”
and/or “Charge guard”, This is to ensure that the vehicle batzery is not discharged,
atter the vehicle is turned off. The current draw (Amps) of the AVL package must be
minlmal and allow for vehicles to sit unused for up to 2 months without discharging

B.1.1%

| Power Surge/Failure — Unit shall have bullt in protection from low and hngh
| voltages.

B.1.11

| provide +/- 25g shock rating {Provides a ruggedized solution in the high abuse

System Operation - S',.-stem must rmeet SAE 11455 environmental speciflcations and '

envireniment that systam will be used in.) Operating temperature shall be in the
range from -40 F to 140 F and operating humidity up ta 25%.

B.1.12

| The unit will produce law heat and have a low power consuming processer with a
| minimum processing speed of 1 Ghz.
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B.1.13

B.1.14
B.1.15

f GPS unit shall be satellite based GPS with WAAS ennanced accuracy. There will be a
12 parallel channel, Wide Area Augmentatian systern (WAAS) enabled GPS receiver.
GFS recelver must be accurate o less than 2 meters.

GFS output interval shall he programmabile as determined by the Departrment with
collection intervals at least once every second, The ability to remotely configure
collection intervals on GPS units shall be available.

B.1.1e

B.1.13

B117

B.1.19

B120

Nemate Updates - System must suppert over-the-air firmware updatas. [This allows
far updating the system without the need to physically connect to each unit to
manually update therm, )

Antenna — The antenna shall be internal ko the systaim.
Universal Tirme — Systern will syrchronize bath the unit and database ta the
universs| time clock and time stamp all data collected,

System Dpoeration — The system shall transmit from all Integrated sensors
simultaneausly with the tmestamp.
All cannections between sensors and eguipment must be hard-wire ruggedized
cahnections,

B.1.22

B.1.24

BL21

System must not interfere with Criginal Equipment Manufacturar [OEM) electranics |
Sensor Output = Capable of sending sensor data in 1t4 original format for data

integrity and/or processing eontroller, camera and/ar other datz for in vehicle
display and other purpases,

B.1.23

The systermn must be ahle to interface to on-beard discrete sensor inputs and ad
party data logging systems simui itanegusly.
The AVL contral unit must be zble to communicate with on-board eqmp ment
sensors installed an the vehicle Lo report their present status and changes ta their
s1atus in real-time. The sansors, such as proximity switches, infrared, magretle read
switches, micra imit switches or equivalent must be able to communicate their
present status to the aquipment with necessary cabling connectad to onboard
equlpment when required.

B.1.25

B.1.26

The &AWL system shall be prng.rammable In common Full prupgra'nmmg Ianguage such
as JAVA, to accept input from sensars provided by the contractor, or third parly.

B.1.28

Additional Softwars — The system will be capabile of carrying additionz| VPN
software 2t the department’s discretion.
Troubleshooti ing — the system sha Il have self dizgnastic capabilities to facilitat e
troubleshogting and maintenance activities,
Warranty — The system shall be warrznted for a twao year perlod following
instaliation and final acceplance of each package 25 defined in tha AFP

B.1.25

The systerm must allow for future enhancements that can allow for easy
conflguration, expansion and scalability. (examples include: additional sensars,
control units, hardware)

B.1.30

Systern Transfer — The AVL system must allow for transferaf to replacement vehicles
with minimal reprogramming and downtime, If 3 memory chip |s used, there must
bo easy access ta it should its replacement or reprogramming D NeCessary,

tNon-WMT Package Only

B.1.31

Nar-WhT Packege AVL Controd Unit: Simple Tracking unit must 2t a minimum be
able to interface to tweo (2] inputs.
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ir WMT i-;':if-iia;';e Qnly ]
B.1.32 | WAT Package AVL Control Uait {with an-board systems integretion functionality):
AVL contrel unit must ata minimum be able to interface at least 16 digital sensor
imputs, four (8) analeg to digital input, four {4) dedicatad outputs, two [2) RS232
communication Ports, twa {2) USBE Ports, and an Ethernet port,

B.1.33 systemn Display Screen = Internally configured to support an in vehicle dispiay
screen, whether screen is used or not,

B.1.34 The display screen shall be sized a minimum of € x 8 inches,

E.1.35 In cab display system centrols- Any operator controis for the display screen must
only be allowed to function when the vehicle is stopped or traveling less than 3
migh.

B.1.36 The AVL system shall include sensors able ta collect data from the spreader

controllar or cther supolemental equipment for the following data:

Pavernenl Temperature and Amblent Sensar

Auger Feedback Sensor B )

Gate Sensar ]

Hydraulic Flow Meter Sensor o

Material Flow Weter 3ensor (ta monitar if materizl is dispensing from WT and La

| verify spreader contralier), )

' B.1.37 For all salt spreader controls, the data showld be coliected, stored and reported

| whenever a change to any of the Tollowing flelds oceurs: solld materlal type {eg
salt/sand), solid material spread rate, solic material spread width, gate selting, blast
onfoff, pause onfoff, liquid material spread rate, prewet an/off, and error status —
depending on the avaliabiity for the particular sareader controllar,

B.1.38 | The system shall be capable of interfacing to the vehicle's on-board computer to

collect engine data available via OBDN and the SAE standard 117081587, CAMBLS,

and 11939 networks, Sich informatien may include but not be limited to:

s Engine Speed;

& RPM;

s Coolant Temperature;

+ Fuel Level;

*« Trip Fuel;

+ Ol Pressure; and

= Battery Voltage,

chm oD o

B.1.39 If Engine Hours and Gdometer values are unavailable from the vehicle’s on-board
cotaputer the systeim must be able to caleulate virtua! Cdometer and Engine Hours
bazed on the reparting of tha vehicle and GPS distarce, Howevar, Tha sysbem must

| provide user-configurahle odemeter and hour meter synching to the vehicle's actual
adomeater and hour meter. On board odometer and hour meter takes precedence

| everany virtual data.

E.1.40 Spreader Contraller Intagration - The system must integrate with Dickey lohn

Control Point and 1C52000 centrollers and the AVL modem, Any madification to the
systemn is at the expense of the contractor.

—
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B.141

The system shall allows for an ootional front mount camera, to hé-pnw&rc-d off of the
AVL,

Category

g.2.1

8232

Communications

Communlcations — The communicztions technology to be used for transmitting data
must be dural mode — 802,11 b/g and GSM/GPRS. System must include all necassary
hardware items, processors, antennas, etc, (This provides the fexibility to use either
B02.11 b/g wireless ar GPRS to do automatic data downloads if necessary.]

Data Transfer — Unit shall transmit data us ng the TCPSP protocol, All services used
shall be RFC compliant,

‘B2a

Cellular communicaticns = The unil shali be able to operate on multiple major
celluler carriers and or private netwaorks, in different parts of the state, with the
simple replacement of the communications madule.

f8.2.4

Celiular Coveraga - The AVL s','stnm must be able to transmit data from at least 905
of the MDOT roadway netwark across the state.

Non-WMT Communications— The Cellular data plan must allow for data tran=m|ttal !
to the mapping website at least once per day for non-WHTs from January 1% thru |
December 31%

8.2.6

WIMT Cammunications— The Cellular data plan must allow for data transmittal to

the mapping website at leasl onca per day for WMTs during non-winter months,
defined as baing from April 30™ to Dotober 31%. The cellular data plan must allow
far data transmittal to the MDSS provider and the mapping website(s) to be at least
B0 seconds within real time conditions for WRTs durfng winter months, which is
defined 25 being from Movember 17 thru April 30th, The definition of wintar, and
noen-winter months are subject to change by the CCIL

Communications — Capahle of using end changing carriers by changing carrier
connection card of medule without changing or replacing unit or other equipment, |

Communications — Capahle of miérating to next ganeratlan communication
technalogies with change of conrection card or module without changing or
replacing unit or other equipment.

Vehicle remate configuration must be web browser ‘based, which is capable of
logging into the AVL control unit to:

» Set distance and time reporting intarvals

v Set dastinations for data communications

» Deteet Sensor status changes and expansion of devices

'3.2.10

2 way commmunication l:apamh jes = pravide capability to send messagea and Images
to the vehicla as weli as receive data and images from the vehicle when 2-way
communication equipment is Installed in vehicle,

8.2.11

Individual vs. Grau p Fleet messaging — When 2 way coramunlcation is set up with
vehlele it will provide messaging capabilities for one, all or groups of trucks, without
use or additional cost of "text messaging”.
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time 25 well as recorded historical information, a) Vehide speed, direction and
location, b) Engine an or off, ) Engine idiirg'vs. runring time comparisons, d) Time
and distance by each monitored sensor, @} Slop Ume data.

Category

B.3.1

MDSS Integratlon

In wahicle moblle data collection units with integrated maintenance decision
suppart syslems, in accardance with these Specifications — The unit shall ke of such
design and construction as to comply with the requirement heralnafter stated and
any parts or attachments necessary to form a complete, functioning unit must be
furnished, whether specifically mentioh hereln or not. L

Required NTCIP Compliance — All equipment and software must be compliant with
MTCIP standard 1204, o

All costs Lo enable proper communication between the MDS5 and weather
forecasting provider and the optianaf in vehicle disolay sereen will be barne by the
eontractor. The In vehicle display screen shall display loczl radar, short term
weather forecast and recommended malntenance treatment.

The MDSS shall also conform to specifications detailed in Attachment 0

&, The Contractor shall demaonstrate an understanding of Michigan weather
and climatology, as well as a thoraugh knowledge of winter weather
patterns and the variations within the State.

n. The Contracter shall demonstrate an understancing of MDOT's trunk line

! system and its winter maintenance practices,

c. The weather forecasting system shall include integrated WMDOSS functionality
Lo suppoil appropiiate road maintenance actions that result in optimal read

surface results with efficient use of resources for specific weather
conditions, Treatment recommendations shall be provided for each hour of
the foracast when indicated by the current and future pavement and
weather farecast paramatars,

d. The system shall support the FHWA Pavement Recommendation Rules of
Practice regime az the defau't treatment recommendations tor specific
weather situations, It shall zlso allow users to incorporate thelr own
customized treatment plan recommendations to reflect individual best
arackices in chemieal application, timing, type and rate as well as plowing
actions. Users must zlso be able to select the appropriate route oycle times
ar tmes for their routes. Treatment recommendations must be provided for
the next 48 hours to indlcate required actions prior to, during, and after a
starm.

| B.3.3

| All farecasts |:|r|:wi'|:IE d I:r.r;r-tﬁe Contractor will become the praperty of the
Department. The Department may, at its discretion, share the forecast with other
amencies a5 appropriate. & urlgue forecast shall be provided for each localized

areafroute.
B.3.4 Maintenance Decision Suppart tools ineluding road treatment recommendations
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will be required Novernber 17 thmu_g,:l-'n_.ﬂ._pFi_’-Sﬂt;'. unless otherwisa instructed by the
el

B35
FERS

B.3.7

Shart-Term Forecasts Nowv 1 to April 30 only- Shall be proviced in accordance with

| Attachment D-MDSS System Requirements,

Lorp-Term Forgcast shall be providec once dally and shall cover a period of 110 10
days. The long-term forecast shall be provided year raund.

A systemn shall be pravidad that allows & user to ebtain all forecast and treatment |
data, both in the office and at home, through an internet connection at all .
tirnas, |

B.3.9

Forecasting parameters shall be se_l;é-c_tz-a_l;'l;é:;ab]ing each one to be turned on ar |
aff. B

§.3.10

Forecasis shall be displayed hourly for 48 hours and daily for 10 days,

§.2.11

| of getling alerts via Lext, phone, or eimail

Users shal! be able to select customizable alerts for specific weaather data or
sensor data, Limits shall ba selectable for eech alect. Users will have the aoption

Category
4
B.4.1

B.4.2

BAZ

: A it pn"rt_ﬁ'ir'ii ta this contract Business days are defined as 8:00 a.m. ta 5:00 p.m.

| Department before installation.

Vendor Services

Eastern Stzndzrd Time, Monday thru Friday,
WMT Installation = A minimum of 10 AVL/GPS WT packapges, at two locations
(total of 20 equipment packages), shall be installed by Department staff with onsite
guldance by the contractor. A detalled Installation manual must be provided to

On-site mainteranee tralning — The contractor shall prn-.r-da at least one on-slte, in
person training session on preventative maintenance and basic repairs of AVL
eguipment packages ahd any furnished sensors, Site to be detarminad by CCI

B.4.4

B.4.5

&ll trainings shail be available on-site and consist of at least ¥ day sessions. Trdlrmn
sessions shall accommodate up to 15 people per session. Trairing materials shall be
given as hard copy and available electronically, Site to be determined by CCF |
Specialty Installation Tools = The contractor shzll provide any and all speclalty tools
required to perform the installaticns.

B.4.6

User Training = The contractor shall provide at least ane annual train rg sesslan an
how to vse all furnished software.

B.4.7

Collected data shall be accessible to Department staff on-line for a period of up to
two (2] years from date of collectlon. Data beyvond the 2 year period may be
archived but shall be reinstated online and available to the users upan regquast by
the Department. Data shall be archived indefinitely.

B.4.5

Archived Data — All data cellected on behalf of the Depa"t"nént shall be stored by
the vendar for the entire life of the contract and must be readily accessible an
wahsite within 2 business days of a regquest.

B.4.9

All data eollected |s the property of the Department and shall be turnec over to the
Department at the end of the contract,

B.4.10

Technical Support — The cartractar shall provide support via telephone and emall |
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far maintenance problems regarding the AVL system lardware ar software and
provide remote assislance within one hour of problem detected, On-site support
rust ooour within 2 business days if requested by CCIL

B.4.11

B412

B414

B.4.15

Saftware Edition ar Version — Unless otherwise specifled, the suf't'..;.;are and

B413

no rmare [h-ﬂi'l tarice a year. )

The contractor server must recaive data from all vehicles with AVL purchased to be

Single Contact — The contractar shall provide a single point of contact for technical
support for the entire AVL system, with the excegtion of non-contracter furnished
sensors and communicatlons,

firmware must be the latest edition or version offered.

E::lares The contractar shall have sufficient amount of replacement :'WL equipment
packages on hand ta provide Department replacement packages within 2 business
days of being notified of defective/non-functioning equipment to provide a
consistent level of service,
Preventative Maintlenance — Documentatian on preventative maintenanca of
hardware will he included with AvL Equioment Packages and be required to occur

AL Data Managrmprt and Access — the AVL infarmation collection, storage, and
mapping website shall be designed, owned and operated by the contractor at 2
location of the contractor's choice, outside of the Department network and
accessible to the Department and ather agencies via the internet, using a standard
wab-browser.

processed on a secure website,

| Category
5

Website, Mapping, and Fleparts

0.5.1

Lsar Waebsite - The systemn must be a web-hosted solution accessible from any weh '
browser with the appropriate User Mame and Login eredentials,

User Logins — The system must provide unlimited user names and unlimited access.
It Is expected that patentially 502 Department staff statewlde will require user
namas and passwords.

Multiple users snall be able to aceess the infarmation simultaneously from mult |pIE
locatians.

User privileges shall be based on assigned username and password. System shall
allow modification of the number of vehicles to be monltored, sensors to be
monitored and manitor characteristics. User access levels shall be configurable far
type of user (e, administrator, management, various office/agency level), as
defined by tha CCL

year-end changes and daylight savings changes with no impact to the system.

Datzbase = The AVL database system must have the ability to be in cantinuous
operation 24 hours per day, 165 days per year and must be capable of handling

Database Backup/Recovery = The AVL database systern must provide for auto matic |
recavery after any type of network failure, Systern must allow a means of automatic
data archival and backup withcut system interruption.

B.5.7

Datzbase Access — Data can be accessed, stared and archived oy the Department In
a relational datzbase. Database should be designed to preserve the integrity af
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B5.8

'Bs9

collected dats, inciude a dictionary and relationship dizgram for translation, and
facilitate access and integration into other systems and applications,

Website - Data must be on-line at all times, Vendor must take precautions to

| arevent downtime, ) )

User interface shail utilize paint and cllek features as much as passible to increase
egse of use and fimit input user error.

B.5.10
B.5.11

B.5.12

| Website - Color coded icons for at-a-glance status will be used,

Data Access - The system must include a web services Application Programming
Interface [API) to allow read oniy secured access for raw data retrieval for use in
other relational database applications (such as GiS mapping or other customer
uses).

Mapping
Users shall be able Lo view the position of their fleet vehicles al any point of time viz
a standard web browser on from a computer, tablet, and/or smartphene. The
primary display shall be a map view of fieet vehicles and indicate the status of
vehicles on when It last reported.

B.5.13

B8.5.14

Each vehicle on the map should have a unigue identifier, such as licenss p.‘a{e, as
| Betermined byl )
The system must provide & minimum of the following mapping and reparting
information:

2. Last known asset location map view — fleet wide view

b, Dispateh map {full screen "live” view)

€. Asset last location relative to home {pre-determined address)
d. Asset Odometer readings

e, Total engine hours

f. Last time asset reported in

g Last known location (individual assel map view)

h. Historical trip report {individual asset map wew)

i

Raw dzta report shewing exact data string as it was sent from spreader
control (requirad for analyzing reports)
I, Speed
ii. Idiing
iii. Operating during *off™ houwrs
. Power
v, Geo fence {Infout)
vi.  Temperature (custom attention required)
[+ View Mainterance HistoryUpdate Mainterance Recard
k. Ping Asset (Short Message Service(SMS) report}
n. [DHstance measurement tool within the flect-wide map view

B.5,15

| The systern must alse provide the following mapping and reporting infarmation:

a. wahicle Identifier {required)
This should be an identifier that is unigue to the organization Fram which
the data is being collected.

. Time [required)
This should be a complete deseription of the date and time of the repart
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to within 1 second of accuracy. It can be in the form of a string (e.g.,
T2 302003 3:43 AN EST or “1-20-2005 9:43 UTC") or nurmeric (such a5
a Unix simestamp, which is a count of secends since a certaln point in
histary). The form of string representations of the date & time is flaxible,
but shauld include at least the year, montk, day, hour, minute, second
and time zone of the ohservation [Eastern Standard Tirme].

£, Locatlon {required)
Location information should be provided In the form of a GPS latitude
and longitude associated with the vehicle's location at the time of the
roport. Three or more decimals of accuracy are required,

d. Lane identifier {recuired)
This should ba an identifier that can be used {o uniguely determing the
ane or lanes that a report applies to.

e Maintenancoe Data
i, Plow Position (optionzl)
ii. Scraper/Underbody Positien (required)

ili. Wing Position joptienal)

i, Material Applied (required)

V. taterial Farm {recuired)

Wi, Application Rate [required)

wii.  Application Rate Units {required)
will. Road Temperature (required)

i, Air Temperatura (aptional)

X Camere Fead {optional)

Pragrammed to collect 2 Uime stampead forward camera Image when option is
installed.

B.5.18

The magp display shall be such thal vehicle posilion and status automatically update
an screen without any input ferm the end-user, additionally, end-users shall be able
Lo view the status of monitorec on-board vehicle equipment.

B.517

TR

The systeim shali allow viewing of a vehlcle In mation leaving tracks or
“breadorumbs” as it sravels with arrow indicatars far directlon and showing all
operations (GPS & Telematic data) as they occurincluding exact street lacation.
Users shall ba able Lo view the abave mentlonad data for their entire fleet or select
a specific vehicleds) for a login sassion Lsing A Filter Tool. ]
User shall be abla to togple back and farth batwaen mapplng Interface and other
features without having to close screens,

H

B.5.19

The System shall have the ca pability to enter an address ar select a landmark to
display at & minimum the 5 clesest vehicles to that location including vehicle 1D &
distance to the specilled leeation.

B.5.20

The system must have the capabliity to create, édit, and delete landmarks and/or

geofances to be displaved an the mag. Iraddition the landmark/gecfence shall be
identified in the reports,

B.5.21

The system must have zn easy ‘intuitive’ navipation sequence {i.e. navigator bar
andfor tabs for easy access to various functional screers), Toals shall include but
nat be limited to:

* Map navigalional Lools {200m I/ out, center, par, etc.);
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» Autormatie Vehlcle Locatlon Tool;
= Breaderumbs;

+ Filter Taol;

# Historical Dala; and Raports.

B.5.23

S i
User shall have options to select fram different map views of the map in order to |
accammadate varying business requirements, desztop equipment performance and
internet connectivity,

The systern shall includea a [.'I.Ii-;\;l'l'.?i-.l(."{ feature allowing users to review historical data
for selected vehicle(s), datels) and timeframe. This data shall be made ocutpuited
via map based {graphical] and/or text based report. When reviewing the datz
graphically, the playback feature shall have pause, fast forward and rewinc
capabilities for ease ofwse,

B.5.24

 data that has been collected from the vehicle (GRS and telematic data).

Playback history shall include the ability ta leave tracks ar “breaderumbs” depicting
prograss and direction zlong a roadway, This furction shall enable the user to view

Maps = Fully licenzed maps ineluded. Maps must also integrate with the
Degartment’s GIS framewark which includes all route and mile marker
identifications.

B.5.26

Reacrts shall he availagle for users by |nteract|krF|',' salecting an area using the map
interface,

"F.épurts

]
=
Wl

5.27

B.5.28

Data Exports — Reports must be expartzble to Micrﬂsufz_iéf(el, Wicrosoft Ward, 5w
format , and ather relatienal databases,

Vehicle Usapge Reporl - The system must provide Daily, Weekhy, Monthly and
Custom usape reparts to accurately display vehicle utilization as well as hourly

usage reports to reflect how many minutes in each hour a vehicle wasinuse. |

b.5.29

M5 Wehicle Usage Reports - The system must also be capahle of farmatting the data
for vehicle usage secording to Attachment C, "M Standard Meter Interface

Diractions”,

B.5.30

B.5.21

Yehicle Mileag'e Report (All Vehicles) - The system rﬂn:ét_prn-.-ice a vehicle mileage
rapart with user selectable date ranges showing mites traveled per day and first
start/last stop times for each day in the selected date range.

Vehkicle Hours Report (All Vehlegles) — The system must grovide an engine hour
report with user selectable date ranges showing enging hour usage per day and first
startflast stop times for each day in the selected date rarge.

B.5.32

Custom Reports (WIMT Fleet only} — The system must provide a custom input usage
report with user selectable date ranges showing uszge of monitored auxiliary
equipment such as underbody blades, temperature sensors, and additional
companents. Report must be able to show all activity or be run on a single auxiliary
equipment input such as plow position.

B.5.33

paterial Usage Report (WHT Fleet only) - System must prmrlde matarial usage
reports to accurately track the amount of granular material, pre-wet and/or direct
fiquid that was applied to a predefined section of roadway, or "zone”. (for spreader
integrated cqulpment only).
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(B.5.34

Vendor must be able to provide data from all salt spreader contrallers into one
report. Users shall be able 1o select all, multiple, or individual vehicles and date(s)
and timeframe for each report, Report shall cutpot at a minimwm vehicle 10,
date/time, vehicle spreading time/distance, deadheading time/distance, vehicle
total travel time/distance, dry material usage {pounds / lzne mile), liguid materlal
usage, avg. application rate,

B.5.35

The system shall provide easy to Lse repaiting tools to provide all reported data,

! Reports should kave the option of exporting ta Excel, L5V or other relational
databases, ]

The system shall be abile to gererate summary reports based on the user's input
parameters, Each user shal! have the abiiity to contigure the parameters Included in
a report

Reporls shall be ébnﬁgured to selact either a single vehicle ar group of vehicles.

It must be possible to gererate additicnal user defined reports. These include, but
ara nol limited to:

Zane/Route report

FIEEf[_iS_tg_r_U@t_‘pp Report

Incividual Venicle Mileage Report

_ Da__i;?ﬁﬁ,rer:-;kll,-fhﬂonthly Asset Usage Report

Custom Asset Usage Report

Custem Input Usage Report {6 discreet inputs)

Asgpt Distance Hepc_vrt

Exception Reports

In addition to standard reports, the system must be u:aﬁable af gererating exceptinn
reports for parameters such a5

* Stoptimes

* Speed

s |dle time

+ Zones

+ Input based exceptions .. Panic bultans, PTO times, ete.)

« Data logging excentions [i.e. milezge, odometer value, eic.)

« Exception reports

BS540

Excention reports shall be configurable by each user and the capability to gererate
an sxception repart fram a combination of 2 or more parameters muost be pessible.
le It rust be possible for a user to create an exception repart for WKTS that are
applying material and traveling abave 2 requested spaed.

0.5.41

| Al exception report shall have the l:a'{:lal:fility.r ta be displayed an the website and as |
{well as being sert automatically te specified users via email and or Lext message las
defined by thewser).

8,542

The system shall provide an essy e use reporting tool to provide vehicle and
miaterial infarmation such as date, time started, time completed, total miles
traveled, total miles spread, toral dead head miles, material usage (Ton}, application
rate, Liguid usage {gal), liquid spplication rate, and totals of the above information

pEr snoWw event/storm,
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Appendix C MDOT MDSS Requirements

Attachment D:
Maintenance Decision Support System (MDS3) Reguirements

The MDSS {#Syvstem™) shall detect, dingnose, forecast, and display surface ransporation weather
phemomena, rond condition informalion, and winter maintenance treatment recommendaticns
(deseribed herein) for supporting winter road maintenance operations (e.g., snow plowing, deicing,
noti-icing, e1¢.).

The System shall melode the capability to selectively archive data end display srchived dats wnd
products, The Syatem shall include the capability to routinely monitor the system status, The Syslem
shall be fault wlerant with high reliability, The System shall be designed in accordance with standard
cormmereial practices Tor sofiware development, The System shall ba designed to make reasonable
allowance for cxpansion of computing power. The System software shall be designed fo ensure that it
can run on commercial-off-the-shelf handware commonly available; that is, no special hardware
developiment will be necessary, The System shall be designed o onsurc that it can incarparate
weathor and rosd dats from disparate sources {e.g, National Weather Service (N'WS), Department
AVLIGRS, Department Connected Vehicle projects, mesonetworks, RWIS, AWOS, ele). The
System (fneluding all servers and displays) shall be synchronized using a time standard, The System
shall include the capability to playback historical data for demonstration, training, and analysis
purpases, The System shall use Local Time (LT) for all displays,

The System displays shall be implemented in English with English units a2 the defaclt setting. The
System shall integrale enviconmental (weather), road condition and ansportation eperational dats in
o manner that allows it to provide predictions of pavement conditions {e.g., pavement temperature,

: peecipitation accumulation, amti-icing chemical cffoctiveness, ote.) associated with winter read

i TEnLEnaAe.

: Llsing the pavement condition and environmental predielion infermation, the System shall provide
decision suppart guidance fo winter road maintenance practitioners and the guidance shall inclods
information related fo ealment eptions {e.g., plow, deice, anti-ice, ete.), timing of applicarion,
lncation of application, and emount of application) based on curvent and predicted weather
conditions, The System shall notify users when data wpdates (e.g. new forecasts) are availnkle and
the updates shall be leaded when the user selects to do o,

MDSS Coverage Area

The System shall be designed w operate (via configurable files) in any vser-dofined region {c.g.,
stale, sity, counly, efe.) thal has input data necessary 1o suppot its operations, The System shall
generate weather forecasts for zones or regions arcumd the Stte as identifed by the wser (e,
ferecast zones, maintenance zones, cte.). The System shall provide weather snd road condition
products (via configurable files) for eoad rowtes (maintenanee roufes) identified by the user, The
System shall be configured fo provide weither and road condition products for nser identitied road
maintenance rowtes.

Weather Foreeast Produets

Weather forcoast products refer o weather elements above the ground, Weather forecast products
shall be provided our to at least 48 hours. Weather forecast produsts shall have a lemporal resolution
ol at lenst one leur, Weather forecast producty shell be updated no less thim every three hours; that
i5, & tew 8-buowr [orecast siinll be provided every three hours,

The fallowing weather forecast products shall be provided 2 meters above ground level (AGL),

prless atharwise nated:
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a) Syrface air emperaiuee

by Surface dow point

o) Surfeee relative humidity

d) Surface wind speed & divection

&) Surface wind gust

[y Precipitation typs

£} Precipitation rale

h) Snowiall accumulation (2.g., 3-hr tatal, &l lotal, and total aceumulation during the

forecast pevind)

1} NWSE watches, wamings and advisories
The weather fovecast products shall be geo-referenced to the DO domain using map overlivs that
include roads, road designators, politieal boundaries, ele.

Surface Air Temperature Fovecast Froduct
The output (content) of the Surface Aiv Temperature Torecast Product on the display shall have the
[ollewing charseteristics:
a) The serface air temperelure shall be provided in degrees Fahrenheit
by Time series information (text and graphical formats) of the surface air temperature shall be
proveided.
¢). Reference lines (confignrabie) associated with frequent threshelds {e.g., froczing) shall be
provided.

Surface Dew Point Temperature Forecast Progdus
The cutput (content] of the Surfuce Dew Poinr Temperature Forecast Product on the display shall
have the following characteristics: &) The surface dew point temperatuce shall be provided in degrees
Fahrenheit by Time sevies information (fext and graphical Fermats) of the sarface dew point
ternperature shall be provided.

Snrface Wind Speed & Diroction Forecast Procct
The sutpur (content) of the Suclace Wind Speed & Thirection Forecast Produet on the display ehall
have the Following characteristics:

al The wind speed shall be provided in statute miles per hour by default

o) The wind divection shall be provided in depress with respest to true nerth.

) Time serics information (text and graphical formats) of the wind speed and direction

Surfiace Wind Gust Forecast Frode

The cutput (eentent) ol the Surface Wind CGust Foreeas! Product on the display shali have the
following characteristics: a) The wind gust speed shall be provided in statte miles per hour. ¢) Time
series information {text and graphical formatsh of e wind gust speed shall be provided.

Closelitlonal Probability of Precipitarion Type Fovecavi Product

The eonditicnal probability of precipitation ype is a product that deseribes the probability that a
particular precipitation type (€.g., tain, snow, feszing rain, ote.) will cocur il (heee is any
precipitation at all.

The Precipitation Type Forceast Product shall inclode the conditional prebability of precipitation:
type. That is, the user shali bs able to view the probability of cach type of precipilation as well as thi
predominant fype.
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& The precipilation tvpe shall be provided for at least the following;

4. Rain
b, Snow
¢ lee

d. Mixed (rain, snow, kc)
b. The predomninant pregipitation type (the type that the mode! selects as the maost likely
kind that will oecur) shall be identified.
c.  Time series information (text and graphical formats) of the predominant precipitation
Lyvpe shall be provided,

Frecipiration Rafe Forecast Froduct
The vuipul {content) of the Precipitation Rate Foresast Produet on the display shall have the
following charactenistics:
4. The liquid equivalent precipitation vite shall be provided in inches per hour (o o
precision of a hundredth of an inch),
b, The snowinll precipitation rate shall be provided in inches per howr {to & precision of a
tenth of an inch).
¢, Time scrics information (text and grophical formats) of the precipitation rate shall be
provided,

Suerafall Accumdarion Forecost Prooduct

The Snowfall Aceumulation Produet shall indicats the smount of snow that is expected 1o reach the
surface (pround) over a specified period, Melting of precipitation dus to warm surface conditions ia
not considered in this product.

The vulput {contert) of the Snowiall Accumulation Forecast Product on the display shall have the
following characterislics:
a, The anowfall sccumulntion shell be provided in inches {to a precision of a tenth of an
ineh).
b, Time sevies infovmation {ext gnd graphizal formats) of the snowfall sccumalation shall
b provided.
e, Snowtall accumulation shall be provided at wser-defined lemporal inerements aul 1o 48
howns {g.g., 3-houe, G-haar, 12-hour accumnlation, cte.).

Wenther Observation Prodwets
Weather ohsarvation products shall be provided by the System, The weather ohservations prodicls

shill be pec-referenced to the DOT domain using map overlays that include roads, road designators,
political boundaries, ete.

Weather observation products shall include, but not be limited to, chservitions from the Tollowing
sources: MWS, DOT, Faa, and other sources as available,

Weather abseryation products shall inclode the fallowing purwmeters, where available:
a Adr temperamre (degrees 1)
b, Relalive hmidity (peiceit)
¢. Dew poiat (degrees [7)
d. Wind speed & wind dircction (miles per hour & degrees with respeet 1o true nori)
2. Radar Imagery
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The weather observation products shall updale as new data arrive, The ontput (contont) of the
weather ohservation products on the display shell have e following characteristios:
A The swrface ohsarvaticn data shall cxpire off the screen after a configurable
number of minutss.
k. The expiration ime shall be independently configuzable for each ebservation produet.
e, Timec serics (text and graphical formats) shall e provided.
i, Animation of the observations shall be provided.

exeler Prischuct
The radar product shall be based on data provided by NOAMA, Ofher radae data sources may be used
it applicahle (&g, FAA Terminal Doppler Weather Radar, local media owned radavs), The radar
product shall be based on the reflectivity (Intensity) Geld, The radar product shall wpdate as now data
arrive,
The cutput (eontent) of the radar product o the display shall have the fallowing charaeteristics:

s The radar reflectivity {intengity) field shall he displayed (phes color legend).

«  Radar products shall he provided for wser-defined domains.

NTFS Waeh, Wearaingy and Achvizorfes Product

MW S watch, warnings and advisories for the DOT domnain shall be provided,
The HNWS watch, wamings gnd advisorics shall include, but not Himited o
Winler sterm witches and warsings

Flood walches and warnings

Flash flocd watches and warnings

Severe thunderstovm watches and warning

=0 oE

Tornado watches and warnings
Uigh wind watches and warnings
Special weather slalement
Freese watches and warnings
Winter weather advisorics

Dense fog advisories

Snow advisories

il e i =]

Thee WWS watch, warning and advisory praduet shall be provided in text formal, Graphical
depictions of NWWS walches and warnings may be provided, where applicahle.

When an MNWS watch, waming or advisory is in effect for an wrea (comlTpurable) thal covers the DO
domain, the display shail provide an indicator (o.g., highlighted batton).

Road Condition Observation Prodocis .
Road condition observation products shall be provided and shown on the dizplay.

Road condition observation produsts may melyde, but not ba limited o, observations or
ineasurerments froan the following sources:

n.  Environmental Surface Stations {E55)

v, Road Weather Information Systoms (RIS}

¢ GIS/AVL data and Conneeted Yehicle data fram Depariment feet
{Thee CCT will decide which sources are nsed, and how),
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Read condition observation products shall inglude the following parameters, where available
A, Road temperatuce {degrees F)
b Subsurlace temperature (deprees Fy
o Chemical concentration on raad {pereeat by weight)

d, Freeze point temperanie (degrees T)

e Mavement condition as: Wet, Dry, or Chemically Wet
I Snow, Frost, and iee dopth (inches

e Blowing snow {yosmod

Visihility (riles or fractions of miles)

The road condition obssrvation products shall ppdate 55 new data acrive. Tle oulpul {eontent) of the
vuad condition ehservation products on the display shall have e following characteristics:

& The surface ehservation data shall expire off the screen atter 8 configorable number of
titinutes
The expiration time shall be independently configurable for ench observation product.
Wiewing of the product shall be user selectable.
Time series (fext or graphical [oemats) of the observations shall be provided,
Animations of the road condition products shall be provided,

Toan o

Road Condition Predietion Produes
The road condition prediction prodects shall be provided out o at lcast 48 hours, The road condition
prediction products shall hive o temporal resolution of at feast one hoewr, The road condition
prediction products shall be npdared avory three houres; hal is, o new 48-howr forecast shall he
provided no less than every three hours.
The following road eondition prediction products shall be provided:
4. Road temperature
Road ehemicu] concentration
Snow depth on roacl
Blowing snow potential
Pavement Irost polential
Pavement condition

I - S .

Rewd Temperoatwre Prediction Product

The Boad Tempersiure Prediction Product shall he provided at prede Mned (configurable) locations
associated with each DOT maintenance voute, The Road Temperature Prediction Product shall be kasad
on & thermal energy balance model amlior empivically based model.

The output {eontent) of the Road Temperamre Mrediction Product on the display shall have the
following characteristies: .
a. The road temperanue shall be provided in degrees [
b, The roud lemperuture shafl be presented graphically st cach forecast location wilhin the
chosen (configurable) mednlenance roules.
€. Time sericy information (toxt and graphical formats) shall be provided.
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Read Swow Dapth Freciction Produet

The Read Snow Depth Prediction Product shall provide information that deseribes the amownt of
snony that is predicred to accomilate on a road surface without traffic and for specific winter
maintenance regtments

Caleulation of the Road Snow Depth Prediction Product shall take into account (ata minimim) the
forecusted precipitation type and rate, and road temperature to estimate the amount of snow that will
accumulate on dhe road surface.

The Snow Lepth Prediction Froduct shall be provided ar predefined (sonfipurable) lacations within
each DOT maistenance rante,

Culeulation of the Snow Depth Prediction Product shall take into aceount treatment options incliding
the amount of snow expected o accumulabe on the road when; a) no treatment is performed, by the
recommaended treatment is performed, and &} a user-defined traatiment is perlormed.

The outpot {eontest) of the Szow Depih Product on the display shall have the [ollowing
characteristios:
f, Thi: snowfice amonnt shall be given in inehes by defavls (to a teath of an inch)
h. The snow depth shall be shown for varicus trestment options ineluding: ne freatment,
recommended teeatment, snd user-defined treatment.
¢, The road snow depth shall be presented graphically ar each forecast location associated
wilk the chosesn (conliguiable) mainlesance routes,
d. Time series information (lext and geaplieal formats) of the road contamination
accumnulation shall be provided,

Blewning Swow Potentiol Product
The Blipwing Snow Potential Product shall provide information that describes the likelihood for
b lowing snovw (o.g., lowe, meding, high), Caleulation of the Blowing Snow Potential Troduct shall
take Jinte accoudnt [ata sunimui )y recent saowlal] characteristics, the forecasted precipilation Lype
and rale, predicled wind speed, local topography, and predicted air temperature, The Blowing Snow
Paotential Product shall be provided at predefined (configurables) locations within each DOT
maintenance rauts,
The cwtpur (content) of the Blowing Snow Fotential Product o the display shall hove (he following
characleristics:

a. The likelthood value for blowing snow (e.g., low, medium, high or as a percentage)

b. Likelicod values shall be provided af hourly increments.

¢, Likelihood values shall be provided at hourly increments.

d. Time series information (text and araphical formats) shall be provided.
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Perveiesdnr Frost Potentiol Produce

The Pavement Frost Potential Froduct ghall provide information that deseribes the Hkelihnad for st
on the pavement surfice (road and/or bridges) (e.z., low, medium, high or 25 & percentage),
Caleulation of the Pavement Frost Potential Product shall take into account (at a minigum) predicted
pavement temperatine, predicled prezipitation type and rate, predicted wind speed, predicted relative
humidity (considerations of dew paintfeost peint), and peedicted siv tempergture. The Pavement
Frost Fotenlinl Product shall be provided at predefined (confipurable) locaticns within each DOT

maintenance ronhe.
The: cutput {content) ol the Pavement Frost Patential Produst on the display shall have e following

charseteristics:
A, The likeiihood value for pavemont frost (e.g., low, medium, Lish oras g pELcenlngs
b. Likelihood values shaif be provided al hourly ingrements
e Likelihovd valoes shall be provided for each coad forceast sapment fe.p., plow poute),

d. Time series information (text and graphical formats) shall be provided,

Prrvewiens Condition Pradiciion Product
The Pavement Condition Prediction Produet shall provide informaticn on the predicled state of the

paverment and inelude:
A, Wel
o, Dy
€. Chemical wel
i, Percent coverage of snow und
2, Snow, frest, and ice depth (inches)

The output {eentent) of the Pavement Condition Prediction Product on the display shall have the
following characteristios:

A, The pavement condition shall bo preseated in text fonmat indicating the pavemenl
condition (e.g., wet, diy, ehemical wet, efe.) for each road forecast focation {2, plow
routes).

k. Time series information {text and graphical formats) shall be provided.

Caleulation of the Pavement Condition Prediction Product shall take into account e pavernent
condition when; a) no treatment is perfoomed, b) the recommended treatment s performed, and ¢} o
wser-defined treatment is performesd.

Forecast Confidence Product
A measure of cunlidence shall be provided for the tallowing weather forecast and road eand ition

Prediction produects:
4. Snow acciamulation
b Precipitaion type
c. Foad temperature

The caleulation of prediction confidence shall take into account recent statistics| perfovmance of gach
paramuter and other appropriatc metrics.

The cutput {content) of the Prediction Confidence Product on the display shall have the fallowing

churacleristics:
a. The prediction confidence shall be given as o percentege, and shall be able to be

dizplayed graphically.
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B, Error statistics shall be caleulated that reflect recent skill,
& Time series imformation of the prediction confidence or ermor statistics syl b provided
for the above-mentioned products,

Generation of Treatment Recommendation Fredictions
The System shall provide reatment recommendation prediciions for winter foad nsainlenance at user
defined (configurabio) locetions (g, plow ronles).

The Systen shall provide treatmen: recommendstion predictions out 1o no less than 24 hours. jnte Hhe
firture.

The winter maintenance mules ol practice used in the System shall he bassd oo the Manual of Practiee
for Effective Anti-leing Program and WCHRP report 326 - Saow & lee Contral: Guridelines for
Materials and Methods, and he conlignrable, as necessary, to reflect local DOT praclices,

Treatinent recommendations shall include the feliowing for cach user delined route;
£ Recomtnended initial drestment start time
b, Hecommended subsequent tregiment start Hime
t. Recommended teeatment Wpe (e, chemical, abrasives, Plows
d. Recommended chemical type based o available chemicals as identifiod By the
Drepartment
2. Recoinmended matesial rgte (&g, amount per lane mile}
I Recommended pre-trestment fype (solid of Giguidy, whers applicable

The System shall have a eapability to incorparate constraints (configurabled for each route =0 4hat
irrelevent treatment recommendations are nat provided. For exemple, the use of Natl should not b
eecemmended if the user docs not wse tha chemical. Constraints may inglyde:

2. Availablo materigls (g, Mall, MpCh, LaCl2, abrasives cte.)

b, Application rate limirs (bused on truck spreading limnits}

€ Reoute cyele limdts {minimuom tum around tme (o repal treafments)

Treatrment recam mendations shall ke calculated, 1o the preatest extent passible, using & combination
of cuerent ehaervational data an the seaie of the roedway and predicted weather aud road eonditions,

Treatment recommrendation calewiations should consider, to the preatest extent possible, factors that
impacl treatment effectivencss {e.g., chemical scaller, splatter, tralfie impacts, spreader
characleristics, eto.),

Systemt Alert Function

The System shall provide a eapability to alert the user when specific data throshaolds {eonligurable)
have been excecded. Users shall be able o query the Syseem and view the information related Lo an
alen.

The System shall indicaie that an alert js active By one or more of the foilowing methods: 1) |
Highlighting un alert bution by Changing the color of an alert button ¢} Flashing an glert button )

Audible alerd (finite series of beeps or tonesh The System shall inelude « eqpability to send e-mail or r
text message notices or cell phone calls (o a configurable list of alinses) when specilic alerls

feonfigurable) wre gonerated, |
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Display
The display shall have tie foflo wing general capnbilities:
6. Ability fo view plan-view praphics
B, Ability te view lime-series information
Animation
Tirmie selection wherehy the nser can select the time period for data viewing
Print function
Alart unetion
Ability to review historical data
Ability to select viewing areq
Ability to selest products For viewisg
Help function
Ability to combine data on time series plats
L Ahility 1o configure data ranges {scale} for eacl tine serics plot
m. Ability to overlay und combing graphical products

!]_'-’?."'?FPFI._G

e

in vehicle display;
A Ability b view plan view graphics
b Ability to view locsi padar
£ Ability to view route specific treatment regommendations
d. Ability to view route specific weather and pavement forecast

Meap Overleges
The Systes shail make it steaighéforwand {e.g., via con figuration files) 1o fneorporate new map data,

Map overlays shail be gvailable for the tollowing:
a. Roads (State and tocal highweys and secondary ronds)
b, Road desipnatons (e g., route numbees, etc, b
. Road Control section and mile marker identifeation.
d. Political beundaries {b.g., States, counties, maimlenance zones, MDOT region and TSC
Hreq, ele.k
e, Clities
I Weather and road condition ehservalion sites

Datn Arehive and Wistorical Data Review
The Svatem shall include a short and long-term data storage capubility. The process el saving data
shall mot interfere with the nogmal operation of the System

Slrart-Term drehive

The short-terrn archive shail consjst of the latest fonrfeen (34} duys ol data, The oldest stored oatn
shall be routingly fserbbed) overwritten by new incoming data, such that the itegrity ol incoming
dala iz preserved. Data within the short-term archive shall be viewahle by selecting the date and time
ofinterest fiom the display interface.

Long-Terw drohive

The long-term archive shall consist of duty sels specifically saved by the nser, The Swstern shall not
delete (semik) dala within the long-term archive, The user shall haye the capability to select the date,
time, and filename for the leng-teri archive. The Systemm shall provide a capability [or the user to
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review date from the fong-term archive. This review shall not interfore with the operation of the real-
time system, This reguirement conld be mot by baving a separate System wvailable to view duta from
the hustorical archive,

Hisforical Data Viewey

The system shall have o capabiiity 1o view {recent) historizal weatler and road condition prodiction
progducts together with actual abservational data to give the user an indicetion of fe performance of
the weather and road conditios predicticns.

Users shail have the ability to select amy of the forecasts fiom the previous 24-henr period. For
example, the user shail be able to scloct a forecast 6 lours previcus and comparo the predicred
conditions fa the actus! condilions.

Security

Wlenna shall be provided to prevent the unauthorized use or misuse of the facilities provided in the
System. This partivalarly applies fo those functions that can be used to veconfignne or change Lhe
operating status of the System or subsystems,

Seclrity shall be provided (e.g., password proteclion) to ensure that the System connct be
accidentally disabled from any dispiay device ar netwark sysiem,
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