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[bookmark: _Toc511912031]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. 
[bookmark: _Toc511912032]Case Study Background
[bookmark: _Hlk500508568]This research project is being funded through the Clear Roads pooled fund program to develop Case Study Reports documenting how multiple State DOTs have implemented AVL/GPS technologies to support their winter maintenance programs.  While the main function of the system is to provide automated vehicle location tracking for dispatchers and maintenance supervisors, AVL/GPS systems can also provide valuable information on vehicle diagnostics to maintenance supervisors.  Furthermore, AVL/GPS systems can be integrated with existing vehicle components used for snow plow operations, such as spreader controllers and plow blades to provide reports to maintenance supervisors on plow usage and material applied by snow plow operators.

The purpose of the Case Study reports is to help other state DOTs make more informed decisions with respect to the implementation of AVL/GPS technology for winter maintenance activities.  The case study report is intended to bring to light more nuanced issues related to the use of AVL/GPS technology for winter maintenance.  The Case Study report also highlights the types of issues other state DOTs / agencies should consider prior to system procurement, provides guidance for successful implementation of the technology, and serves as a possible template for agencies to get the best value out of different levels their AVL/GPS applications.

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

Tier 1: Basic Location Tracking/Monitoring with or without collection of vehicle diagnostic data
Tier 2: Medium implementation with basic location tracking, with limited additional data collection, equipment integration, and system reporting features 
Tier 3: High implementation with added, more complex data collection, integration, and reporting features

[bookmark: _Hlk500508644]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.
[bookmark: _Toc511912033]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 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.[footnoteRef:1]   [1:  Source: https://ops.fhwa.dot.gov/weather/best_practices/casestudies/015.pdf ] 
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[bookmark: _Toc511912007]Figure 1. MDOT Regions[footnoteRef:2] [2:  Source: http://www.michigan.gov/mdot/0,4616,7-151-9623-36042--,00.html ] 
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[bookmark: _Toc511912008]Figure 2. MDOT and County Partnership



[bookmark: _Toc511912034]Agency Interviews 
MDOT staff were interviewed on Nov. 30th, 2017 at MDOT offices in and around Lansing, MI.  Table 1 lists those individuals that were interviewed for the project.

[bookmark: _Toc511912028]Table 1. Agency Interview Dates / Times
	Staff Interviewed
	Date / Time
	Subjects Discussed

	Melissa Longworth, Michigan DOT
Ben Hodges, MDOT Maintenance Supervisor
Mark Crouch, MDOT Maintenance Coordinator
Matthew Pratt, MDOT Maintenance Coordinator
	Nov. 30th / 7:30am
	Hardware installation
Technology issues and testing
Operations
Maintenance

	Melissa Longworth, Michigan DOT 
Matthew Pratt, MDOT Maintenance Coordinator
Greg Perry, MDOT Operations Engineer
Tim Croze, MDOT Manager of Maintenance Services
Justin Droste, MDOT Asset Management Engineer
Sean Mulligan, Parsons Software Support

 
	Nov. 30th / 10:00am 
	Implementation and Integration Decisions
Hardware and Software Selection
Data Collection, Utilization and Management
Communications
Implementation Issues
Operations Issues
Procurement
Costs and Benefits
Recommendations and Lessons Learned




[bookmark: _Toc511912035]Degree of AVL/GPS Implementation
[bookmark: _Toc511912036]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.
[bookmark: _Toc511912037]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: 

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.
[bookmark: _Toc511912038]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.

[bookmark: _Toc511912039]Level of System Integration
[bookmark: _Toc511912040]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.
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[bookmark: _Toc511912009]Figure 3. Mobile Data Computer (MDC) and AVL Hardware (above) and Back View of MDC, Antennae and Cable (below)
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MDC – Located Behind Passenger Seat


[bookmark: _Toc511912010]Figure 4. Location of Parsons AVL Hardware in MDOT Snow Plow
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[bookmark: _Toc511912011]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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[bookmark: _Toc511912012]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.  
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[bookmark: _Toc511912013]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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[image: ] [image: P:\Trans\60535309 AVL Case Studies\400-Technical\433-Case Study Work\Case Study Reports\Tier 3A -- Michigan DOT\MDOT Photos\Dan Photos\MDOT_Tow_Plow_Sensor_1.jpg]Belly Sensor


[bookmark: _Toc511912014]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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[bookmark: _Toc511912015]Figure 9. MDOT In-Vehicle Camera Image of Snow Plow Operations

[bookmark: _Toc511912041]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 Iteris.  
[bookmark: _Toc511912042]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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[bookmark: _Toc511912016]Figure 10. Parsons AVL System Interface Graphic
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[bookmark: _Toc511912017]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.

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.  
[bookmark: _Toc511912043]MDSS Software 
The MDSS software interface provided by Iteris 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.  

[image: ]Precipitation Forecast by Time

[bookmark: _Toc511912018]Figure 12. MDSS Screenshot of Weather Forecast
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[bookmark: _Toc511912019]Figure 13. Iteris MDSS Screenshot

[bookmark: _Toc511912044]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.


[bookmark: _Toc511912045]System Decision Making Processes
[bookmark: _Toc511912046]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.  
[bookmark: _Toc511912047]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.


[bookmark: _Toc511912048]Data Collection and Management
[bookmark: _Toc511912049]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:

Vehicle location, speed and direction
Air and pavement temperatures
Plow/blade positions
Wing plow and tow plow usage
Types of material applied
Material application rate and amount used
Engine diagnostic data
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.

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.
[bookmark: _Toc511912050]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.  
[bookmark: _Toc511912051]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 Iteris 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.  
[bookmark: _Toc511912052]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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[bookmark: _Toc511912020]Figure 14. MDOT Salt Efficiency Data Statewide by Region with Direct Forces
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[bookmark: _Toc511912021]Figure 15. Grand Region Salt Efficiency Data and Speed Compliance Data

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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[bookmark: _Toc511912022]Figure 16. MDOT Statewide Reports of County and Garage Material Usage
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[bookmark: _Toc511912023]Figure 17. Detailed Material Usage Reports for MDOT Counties and Garages
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[bookmark: _Toc511912024]Figure 18. MDOT Grand Region County and Garage Material Usage
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[bookmark: _Toc511912025]Figure 19. MDOT Grand Region Detailed Material Usage Reports for MDOT Counties and Garages

[bookmark: _Toc511912053]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.


[bookmark: _Toc511912054]System Implementation Process
[bookmark: _Toc511912055]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:

AVL equipment and services for MDOT winter maintenance trucks
AVL equipment for MDOT’s light fleet
Communication services
Data storage and management
Statewide MDSS services
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.

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.
[bookmark: _Toc511912056]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.  
[bookmark: _Toc511912057]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.

[bookmark: _Toc511912058]System Benefits and Costs
[bookmark: _Toc511912059]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. 
[bookmark: _Toc507060008]
[bookmark: _Toc511912029]

Table 2. Hardware, Installation, and Training Costs of MDOT AVL/GPS System
	[bookmark: _Hlk507052812]Items
	Quantity
	Unit Cost
	Total Cost

	Hardware
	
	
	

	WMT AVL Package Including: 
AVL Hardware
Material Flow Meter Solid
RoadWatch Temperature Sensor
Gate Sensor
Hydraulic Meter Sensor
Plow Blade Sensor
	338 vehicles
	$4250.49
	$1,436,666.84

	Installation, Training and Vendor Services

	Project Management
	3 year contract items bid by Contractor
	$341,833.32

	Installation / Equipment Maintenance 
	
	$55,900

	Annual Website Usage Training
	
	$19,105.86

	Annual Technical Support
	
	$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



[bookmark: _Toc511912060]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. 


[bookmark: _Toc507060009][bookmark: _Toc511912030]Table 3. Monthly Service Charges for First Year of System Operations
	Items
	Quantity
	Unit Cost
	Total Cost

	Service Charges
	
	
	

	High Data Consumption 
6-Month Period
	338 WMT trucks * 
6 months * 
3 years
	$49.50 / month
	$301,158.00 /
3 years total

	Low Data Consumption 
6-Month Period
	338 WMT trucks * 
6 months * 
3 years
	$22.00 / month
	$133,848.00 /
3 years total

	Sum of Monthly Service Charges for Three Year Contract
	$435,006.00



[bookmark: _Toc511912061]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.

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. 


[bookmark: _Toc511912062]System Issues and Challenges
[bookmark: _Toc511912063]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.
[bookmark: _Toc511912064]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. 
[bookmark: _Toc511912065]Procurement and Implementation Issues
[bookmark: _Toc511912066]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.
[bookmark: _Toc511912067]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.
[image: ]   [image: P:\Trans\60535309 AVL Case Studies\400-Technical\433-Case Study Work\Case Study Reports\Tier 3A -- Michigan DOT\MDOT Photos\Dan Photos\MDC_Behind_Seat_2.jpg]
[bookmark: _Toc511912026]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.

[image: ]
[bookmark: _Ref489872402][bookmark: _Toc511912027]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.
[bookmark: _Toc511912068]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.


[bookmark: _Toc511912069]

Lessons Learned
The following lessons learned are offered based on the MDOT case study.
· Leveraging other agencies’ experience in RFP and requirements development, procurement, installation and operations is extremely valuable.
· Specifications of the system in the RFP should not be too specific to limit agency’s options and flexibility.
· 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.
· Support from executive management made procurement and roll-out quicker.
· Outreach to users, especially prior to installation, helped reduce resistance and promote buy-in.
· An aggressive installation schedule may hinder agency’s ability and opportunity to perform desired level of user outreach.
· 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.
· Different types of trucks and ages of trucks may require different cabling, connectors, mounting locations, etc. for installation.
· 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.
· 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.

[bookmark: _Toc511912070]Survey Response
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[bookmark: _Toc511912071]MDOT AVL/GPS System Requirements
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Attachment
MDOT AVL'GPS System Rea

jrements

Requirements lstad bolow are minimam specifcations for e AVL-GPS Systom and Sorvces,

Category.
1

) Equipment 1

Ganaral

B

‘Vehicle Mounted Hardware — Al cquipment must be solid state with ro moving
parts such as fans and all communication hardware shall be fully integrated into the
housing with no apenings. Tne urit il be enclosed by a ruggedized case.

12

“Alrequipment must be “off the shelf znd currenty used by other agencies/ groups
for AVL.

813

“Allequipment shall be uniorm vithin the two ssset classfications (WMT and Hon
\WMT) an must be operational across all vehice types.

14

“System Date Storage - The system must support o least 1 GB flash memory for
storage of data over extended periods of power loss r 48 hours of oaservations
whichever i greater. (Ths allows for toring l readings until 802.11 b/g or GPRS.
coverage is re-established then transmiting the stored data to provide an updated
istory of the vehice.)

‘Delayed Data Transmission - The system must provide Store ond Forword
capabiltes capabie of storing over 1 G8 of information whike out of celluar
communications coverage and automaticaly forwerding the same when back in
coverage. (System collects vehicle acivity data and geo-stamp data and stores
onboard unti data can be securely ransmitied to provide a detailed hiscorical
recordl of actvity whie n the fleld)

Power Loss - The system mLst provide abiity 1o detect and repor previous power
loss funit s discannected then reconnected. (Ths reports f someone was to
disable the systern their shift whether inadvertent o intentional

‘Power ~ The unit shall run off the vehicles power system.

Upon vehicle igntion, the vefile wll automaticaly report o the sysem. o
operator interface will b necessary to begin transmitting posiion and sensar data.
Allinformation an vehicle status shall be stored and accassible on thraugh an online
database

‘AL control U must feature 3 power management feature or “sleep mode”

andor "Charge guard". THis I to ensure that the vehic batiery s not discharged,
afterthe vehicle is urned of, The current draw (Amps) o the AVL package must be
minimal and allow for vehicls t st unused for up to 2 months without discharging
battery. i

5110

| Power Surgo/Failure

Uit shai Fave bull in protection from aw and high
voltages.

5111

System Operation - System must meet SAE 11455 environmental speciications and
provide +/- 258 shock rating (Provices a ruggedized solution in the high abuse
environment that system vl be usectn.) Operating temperature shallbe n the
range from -40 F 1o 140F and operating humidity up to 95%.

5112

e unit il prosuce ow neat and have a low power consuming processer with s
minimum processing spead of 1 Gnz. _





image38.png
B3 [ GPS unitshall be satellte based GPS vith WAAS enanced accuracy. There wil be &

| 12 poralelchannel,Wide Area Augmentation System (WAAS) enabled GPS receiver:

5113 | Gb rocever must b accurate o e than 2 meters.

5145 | GPS outputintervalshallbe programmable a datermined by e Department wilh
ollcton ntervals at east ance every second. Th abilty to emotely confgure
coletionintervelson GPS units shll be vaiable.

B16 | Remote Updaes -System must supportaver te-ai mware upaates. T alows
for pdating he system vithoutthe e o physicaly connect to each uit to
manually update ther.)

D117 | Antenna - The ntenna sallbe nernal  he systern

B118 | UniversalTime ~System willsynchronize both the nit and Gaabase o the
universa time cock and time stamp al ata coleced.

L5 System Operation —Thesystem shal rensmit from al negrated sersors

| simuttaneousy with the timestarn. _

120 | Al comnections bewieen senars and sauipment must b Rara wie uggeciz
comnectons

31 System mus ot nterfere wih Oginal Equiprent Nrwfaclurer (OB electronics

D122 | sensor Outpul - Capabl of sening sensordeta i s orginalformatfor data
Integity anlorprocessing controle,camera and/or ather catefor n vehice
display and other purposes N

8123 “The system must be able to interface to on-board discrete sensor inputs and 37
 pary dats ogsing sysems simutancusty. |

8424 [ The AVLconral it must be sble o commuricate withon board equipmert
sensors nstaled on the vehice Lo report tei present status and changes o heir
tatus n reak-tme. Tne sensors, such a proumity suitches, infrared, magrete read
witches, micra it sches o equivalent must b abl 1 communiete teir
present satus to the qupment with necessay cabling corneeted to onboard

_ caulpment when requied.

5225 | The AVLsystem shall bepragrammable i common Fll rograrmiing ongoage such
a5 JAVA, o sccept input from sensorsproviced by the contractor, or thid pary. |

8426 [ Adaltiona Software ~The sytem wil b capable ofcaring odional VPN

L software.ot the deparment’s dicrtion )
T27 | Toubleshooting - h system shall have sef Giagnostc capabites o faitate
troublesnooting and maintenance actiiis. |

BI28 | WarrantyThe systam shall b warranted for 3 o year priog Tolving
Instalstion an Fna acceptance ofesch package 2 defined inthe GFP

5125 The sytem must allow far fture enhancemens tht can alow for casy
confguration, expansion an scalabily. exampies nclude: adiional ensors,
controlunits, hrdware)

B30 | System Tansier~The AVL system must allowfo ransfrai o replacement veicle |
ith minimal eprogranmingand dowrime, 2 memory chip s used, there must
b casy acees ot should 1 replacementorreprogramming e necesary

— Non-WHT Package Only i

BI3T | Mo At package AVL Cortrol Unit Simle Tracking it mus: 305 minimum be

able o inteface to two (2)inputs.
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VNI Package Ony —
W43 WA Package AVL Cortal U oith o bosrd sstems ieratonuncioal
| AVEcontrl i must st minimum b abe o ntetaceatleaet 16 gl sesor
| i, our e} anaog o digha input, four () dedicated output, two (2) 5232
communication Ports, two {2) USB Ports, and an Ethernet port. ]
S35 [ system Display creen- nernal configured o support n nvehice dpiay
creen, whether sreen s used o ot
8434 The diplyscscenshl e sed s mirimum o €3
5335 | cab displey sytersconirols. Any aperatorconrots fr he By sreen st
only b allowed to uncton henthe vehicl s xopped ortraveing s tren 3
mph
T35 | The AVL st shal inciade sensor 31t Callct dta from th speader
conroller o ther supplemental euioment or th flwing dta
=Pl Sansor ot ploe v, anderbod, o gl
o Pavemnt Tamperatureand Amblent Sensor ]
<. Augor Feedback Sensor R 1
& ate Sensar ]
e yeraulc Fow eter Sensor
£ [ aters Flow et Sensor (to moniori mteral s cispensing rom WiiT and o |
writy syreader contraler
TBE37 [ Tor al sat spresder contral, the dats ol be coliected, stored and reporied
| whenaser a change 10 any of the followng felds oceurs: solld materal type (e
Salfsan).soid matetl spresc ate, o matril spread vidth, gt sting, blat
onfot, pacse ofof, auid matartal spread ate, prewet o, o eror tats -
depencing on the avaiabityfor the particlar sorescer controler
T30 The sysem shal be capable of nerfacing 10 the vehice's o bowrd Computer o
collc engin dats avaiable via OBDI and the SAE standar 11708/1587, CANEUS,
31 11938 networs. Such informaion may ncuce b not e e o
« engine Speed;
« e
« Coolt Temperature;
« FuelLevel; !
 Trip Fuel; |
« oilpressue; and |
+ Battery Votage. |
B.139 f Engine Hours and Odometer values are unavailable from the vehicle’s on-board |
Compte the systam ust b bl tocalcate vitual Odometer and Exine Hours
base o the reportng of th vehile and GPS cistanco. However, The system must
orovice user.confgura odometer and hour meter ynching o the vehicessctusl
adometer and hour meter. On board adormeser and hour meter takesprecedence
| over any vitua ot
Shreader Contralr Itegraton~ T sy st Regrae Wi DickeyTohm
Control Point and 1CS2000 contrllers and the AV moder, Any modiicationto the
sytem s at e oxpenseof th contractr,
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5341 [T system shallslow for an optional ront MOURT Camers, to b powered of of e
L
i -

Ctegry Communications

321 | CommunicatonsThe ommicatians fechnclogy t be wed fo rarsiiing da
mustbe dual mode 802,11 b/ anc GSI/GPRS.System mustinlude ol necessary
ardare iems,procesors,antennas, . (This provide th fleilty o use eiher
802,11 /g wireless or GPRS to do automatic data downloads f necossary)

522 | Data Transter ~Unitshallansmit data using he TCP/P protocol. Allservices sed
sallbe REC compliant

23| Celluar communications. The Uit shal be b1 1 operate o multie mjor
celllr cartes and or riate networks, i ferent parts ofthesate, with the
simple reslacement o the communicztions module. , |

24 Celllar Coverage - Tha AVLsystem must e abie {o ansi Gt rom e east 90%

" | o the MDOT roaday network across the sate. -

815 Non-WHAT Communications=The Cellular data plan must allow for data transmittal |
10 the mapping websit st ezstonce per dafor non WITsfrom January 1ty |
December 31

326 [WNT Communicatons~The Ceuiar data plan sl alow for data Garsmital ©
the mapping websteatesst once per day for WATTs during non-winter montns,

| defined as being from April 30" to October 31*. The cellular data plan must allow
| fordata transmial o the MIDSS providr and the mapping websiels] o be st feast
| 60 seconds witin real time conditons for WHTs curing winter monts, which s
| defined as eing from November 1% thru Rprl 301, Th defiiton o vinter, and
| non winter months are subect o change by the L
| _
527 | Commanicatons~Capableofusig and changin earirs By g c
| connection card or module without changing or replacing unit or other equipment.
528 | Communications —Capable of mgratng to nex generatan communication
| technolages withcrange of connecioncad or module without changing o
. replacing it or other equipment B
829 T Vehide remote configuration must be web browser based, which is capable of
| ogging mo the AVL control it to:
| + Set distance and tme reporting intervels
|+ Set destinations forcata communications
|+ Detect Sensor status changes and expansion of devices

20| 2way communicaton capablies - proide copablty to send messoes and mages
o thevehicle 35 wel a eceiv data and images from the vehicle when 2-ay
communication equipment s nsalled i veice

241 Inividul vs. Group/iect messaging — When 2 way communlcaton s et up with

| eticie vl povice messaging capabiltes forane,al o groups o trucks, wthout
[ | e or sddionslcostof ter: mesaing”.
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212 [Thedata
time 25 well a recorded historical information, a) Vehicie speed, drection and
location, b} Engine on or of, ) ngine iding s, unning time comparisons, d) Time.

| and distance by each monitored sensor, ¢} Stop Ume data.
rerony MIDSS (also refer to Attachmen D-MDSS System Requirements)

831 | DS inegration _ - N

m the equipment to the database shall Include the following near real-

532

In vehicle moblle data collection units with integrated maintenance decision
supportsysterms, i accordance with these Speclications —The urit shallbe of such
design and construction as o comply with Lhe requirement herelnafter stated and
any parts or attachments necessary to form a complete, functioning unit must be.
furnished, whether speclfically mention hereln or not.
‘Required NTCIP Comaliance — All equipment and software must be complian
NTCI standard 1204
Al costs Lo enable proper communlcation between the MDSS and weather
forecasting provider and the optiona! i vehicle disolay screen wllbe borne by the
contractor. T In vehicle disolay screen shalldisplay loca rader,short term
weather forecast and recommended malrtenance treatment.
The MDSS shallaso conform to specilcations detafed in Attachment D
. The Cantractor shal dermontrate an understancing of Michigan weather
and climatology, a5 well a5 a thorough knowledge of winter vieather
patierns and the variations within the State.
5. The Contractor shall demonstzate an understancing of MDOT's trunk fine
system andits winter maintenance practices,
. The weather forecasting system shall include integrateg MDSS functionalty
o support appropriate road maintenance actions tha result n optimal road
surface results with effcint use of resources for speciic weather
conditons, Treatment recommendations shall be provided for each hour of
the forecast when incicated by the current and future pavement and
weather forecast parameters
d. The system shal support the FHWA Pavement Recommendation Rules of
Practice regime as the defaul reatmen recommendations for specific
weather situations, It shal also allow users o incorporate their own
customized treatment plan recommendations o reflect incivicual best
practices inchermical apolication, timing, type and rate as well as plowing
actions. Users must alsa be able Lo select the appropriate route cycle times
ortimes for thel routes. Treaiment recommendations must be provided for |
the next 48 hours 1o indleate required actions prior to, during, and after a
storm,

533

‘Al forecasts provided by the Contractor will become the property of the.
Department, The Department may, at ts ciscreion, share the forecast with other
agencies a5 apprapriate. A unlque forecast shal be provided for each localized
ares/route,

[53a

Maintenancs Bedsion Support tals Iniuding road Vestmentrecommenditions
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“will be required Novemnber 1" through April 30", unless otherwise instructed by the.

)

Short Term Farecasts Nov 1ta April 30 only- Shall be provided in accordance with

35
| ttochmen -0Dss System Requirements
(836 Long-Term Forecast shall be provideg once dally and shall cover a period of 1to 10
days. Th long:term forecat shal be provided yeo round.

537 | Asystem shall be provided thit llows a user t0 btai il forecast and veatment
dats, both inthe offce and at hame, through an ternet connection at |
imes,

39 [ Forecasting parameters shall b seectabls nabing each one o be urned omar |
off

5310 Forecasts shall be displayed hourly for 48 hours and daily for 10 days.

B3.11 [ Users shal be able o select customizableslrts fo specic weather daty or

! sensor dat. Limitsshal be seectabie fr each alert. Users il have the aption
ofgoting alets vi text, phane, or cmai

Goegory Vendor Services

BAT | Asitpertains o s Contact BusnessGavsare Gefied 53 B0 . 10 500 P
Eastern Stancrd Trme, Monday tru Friday.__

842 | WNIT stallstion - A minimurm of 10 AVL/GPS VINT paciages, 3 o Tocatlans
(toal of 20 cculpment pckages), shll e nstallet by Deprtmen saf with orste
suicance by the conractor. A detalled nstalaton manal mus:be rovided to
Deprtment before nstallaton

843 [ On-ite mantenance rainig - The contractor shallprovide a east ne omate |
Derson trinin sesion on preventatie mintenance and basic repars of AVL |
cauipment packages an any umished sensors, St to be determined by COl

44 [ Alluainmes sha b avaiable -t and Congst o at last 4 day sessions. Trii
sssionsshalaccommodate up o 15 peopl persesion. Traiing materils hallbe
given 35 hard copy and avaiable elecronicaly. St tobe determined by CCI

845 | Speciaty Instalation Tooks~ The contractor shall provide any and al peclalty to
reauired o pert tliztions.

B45 | UserTraiing— The contractor shll rovid a [esst one amnual aring sesslan on
how o useal frshed software ~

547 | Collced data shell be ccessble to Depariment staff o for perid of p o

| 4 (2] years from dae o cllcton. Data beyond the 2 year peiod may be
arcived butsha b renstated online and svaiabl o th users upon request by
the Department, Dsta shall be archived indeiely. _

48 [ Archived Data— All atacollecec on behalfof the Department hal b stored by
he vendor for the enir If of the conractand must be eadily accessble on

L | websitewithin 2 usiness daysof a request.

845 [ All atacoloted s U property ofthe Department and hall o2 rned over 1 the
Department at the endof the contrsct

540 Technica Support - The contractor shall provide support via elepione and emall |





image43.png
for maintenance problems regarding the AVL system hardwsare or software and
provide remote assstance within one hour of problem detected. Or-site support
st occur within 2 business days I requestec by CC)

8411 | Single Contact - The contractor shall provde a single point of contact or techrical |
Support for the entire AVL system, with he exceation of nor-contractor urnished
sensors and communications

Ba12 Software Edition or Version — Unless otherwise specified, the software and
firmuare must be the latest ediion o verson offeed.

A3 | spares-— The contractorshall have suffcient amount f eplacement AVL equipment
packages on hand to provide Department replacement paciages within 2 business
aysof bing notifed of defective/norfunctioning equipment to rovide &
consistent levl of serice.

414 | Preventative Maintenance ~ Documentation o1 preventative raintenance of
harciware will e included with AVL Equiament Packages and be required to occur
o more than twice a yeor. _

8415 | AVLData Mangement and Access ~ the AVL information collction, storage, and
apping website shal be cesigned, owned and operated by the cortractor 3
location of the contractar’s choice, outsde of the Department network and
accessiie to the Depsriment and ather agencies v the nternet, using 3 standard
webbrowser. h

516 | The contractorserver mustreceive data rom allvehicles with AVL parchased o be

[ processed ona secure webstte.

Cegry Website, Mapping, and Reports

05 [ User Websla “The system mustbe a web-hosied solution access ble from any eeb
browser with the appropriate User Nome and Logi credenials.__

T52 | User Logins—The system mstprovide urlimited user names and uniimited acces.
Itisexpected that potentally 500 Department staf statewide will require user

|| nomes and passwords

B5.3 | Mulipic sers snall be abie to access the Information simulancousl from muriple |
locations _

53| User pruileges shll be based on asigned usemame and passwiord.Systerm shall
allow moificaion of the number of vehicles fo b moritored, sensors to be
monitored and monitor charactritic. User access evels shal e configurable for
type of user (i, administrator, management, various offce/agency level, 35
defined by the CCl

55| Datebase - The AVL database system must Fave the aaity o be n cantindous
operation 74 hours per day, 365 Gays per year and must be cspable of handiing.
year-end changes and daylight sevings changes with no impact o the system.

85,6 | Database Backup/Recovery - The AVL database system must rovide fo automatic
ecovery afte any type of network falure. System must allow a means of autormatic
data archval and backup without system inerruption

B57 | Database Access ~Data can be accessed, sored and archived oy the Department I

arelational database. Database should be designed o preserve the integity of
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858

OlRCiad G, e oy s e dgr o VAo |

fadiitate access and Integration into other systems and applications

‘Website - Data must be on-ine t all fimes. Vendor must ke precaufions to”
orevent downiime.

555

User interface shail ulize point and clck eaturas 35 much as possible o ncrease.
ease of use and fimitinput user error,

5510

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

5.1

Data Access - The system must nclude a web services Application Frogramming
Interface (API] o allow read only secured access forraw data retieval for use in
other relationai database applications (such as GIS mepping or other customer
uses)

Wagping

8512

Users shall 52 able Lo view the posiion of ther flcet veNides al any point of e v
2 standard web browser on rom a computer, ablet, and/or smartghone. The
orimary disply shall e a map view offieet vehicles and inicate the status of
vehicles on when i last reported.

5513

Each uehicle on the map should have  Uniue (dentiier, uch as icense piate, 75
determined by CCl

5514

8515

The system must provide 5 minimum of the following Mapping and reporting
information
2. Lastknown asset acation map view  fleet wide view
Dispatch map {ful screen:
Assetlast location relative to home pre-determine address)
Asset Odometer reatlings
Totalergine hours
Last time asset reportedn
Last known location{indvidual asset. map view)
. Hiscorialtip report indiidual asset map view)
Rany data report showing exact cata suing a it was sent from spreader
control(required for analyzing reports)
. Speed
i, ding
. Operating during “off” hours
. Power
V.. Geo fence finfout)
Vi, Temperature fcustom attantion recured)
. View Maintenance History/Update Maintenance Record
k. Ping Asset (Short Message Service(SWS) report]
n.__Distance measurement tool within the leet wid map view

The system must alo provide the folowing mappg and reporting information
a. vehide ldentifier required)
“This should oe an dentifler that s unique to the organization from which
the data i being eollected,
b Time (required)
This should be a complte description of the date and time of the report





image45.png
0 within 1 second of accuracy. I can be in the form of st (e..,
“12/20/2013 3:43 AM EST or “1.20.2005 8:43 UTC") or numeric (such a5
Urix timestamp, whichis 3 count of seconds since acertai point In
istory). The form ofstring representations of the date & time i flesble,
but shauld nclude atleast the year, montb, day, hour, minute, secord
and time zoe of the observation (Eastern Standard Time).

©. tocation frequired)
Location information should be provided n the form of a GPS lattude
and longitude associated with the vehicle’s location at the time of the
report, Three or more declmal of accuracy are required,

dentifer recuired)
This should be an identifier that can be used to uniquely determine the
iane orlanes that a report applies to.

e Maintenance Data
i, Plow Positon foptionsl]
il Scraper/Underbody Positon (requirec)
i Wing Position optional)
. Material Appled (required)

4. an

v Material Form (recuired)

Vi Application Rate requircd)

vil.  Application Rate nits (require)
Vil Road Temperature (recuired)

i Ae Temperature (optional)

% Camers Feed foptional)

Programmed to cllect 3 U stamped forward camera Image when option s
installed.

6516

“The ma display shell be such hat vehicle position and status automatically update.
on screen without any input form the end-user, additionally, end-users shall e able
o view, the status of monitoree on-board vehide equipment.

8517

The system shal allow viewing of avencle in motion leaving racks or
“breaderumbs” as it travels with arrow indicatars for divection and showing all
operations (GPS & Telematic data) as they occur inclucing exact street locaton.
Users shall be able Lo view the above mentioned data for thelr entire flct or select
| 2 speciic vehiclfs)for  ogin session using a Fitr Tool.

5518

User shal be able to toggle back 2nd forth between mapping Interface and other
features withou: having to close screens.

5519

display at 3 minimum the 5 closest vehiles o that location Including vehice ID &
distance to the speciied location.

5520

“The system must have the capability to create, edit, and delete landmarks and/or
geofences to be displayed on the map. I addiion the landmark/geofence shall be
dentified n the reports

“The System shall have the capability to enter an address or select alandmark to

5521

The system must have an easy NUEVE’ navgalon sequence (1o TavEator bar
anc/or tabs for asy access ta various functionsl screens). Toolsshal incude but
ot b lmites Lo

+ Map navigationa ool room ifout,

center,pan, etc;
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+ Automatic Vehicle Location Tool;
« Breadcrumbs;

« Fiter Tool;

«_ Historical Data; and Reports

5523

User shall have options to select rom dferer map views of the map i order (0 |
accammodate varying business requirements, deslop equipment performance and
Intemet connectiviy.
“The system shall include a playback feature allowing users Lo review historical data
for selected venicl(s), catels] and timeframe. This data shall be made outputted
via map based {graphical) and/or text based report. When reviewing the data
graprically, the playback feature shall have pause, fast forward and rewing
capabiltesfor ease of use.

528

6525

Playback history shall include the abilty to leave tracks o “breaderumbs Gepicng
progress and direction along a roadway. This function shall enabe she user to view
datz that s been collected from the vehicle (6PS and telematic data). __
‘Miaps - faly lcensed maps incluced. Maps must also ntegrate with the
Department’s GISframework which includes all route and mile marker
dentifcations.

5526

Reports shall be available for users by interactively selecting an area using the m:

interface. {

" Teports

0529

"Gata Exports — Reparts must be expartable 1o Microsaf Excel, Microsoft Ward, csv
format, and other relaional databases.

Vehicle Usage Report - The system must pravide Dally, Weekly, Monthly and
Custom usag reparts to accurately eisplay vehice utlization as el as hour'y
usage reports 10 reflect how many minutes n each hour a vehicle was n use.
45 Vehicle Usage Reports - The system must slso be capable of farmatting the data
for vehicl usage according to Altachment C, "MS Standard Meter Interface
Directions”,

5530

[Bs31

Vehicle Mieage Report (AllVehicies) - Tne system must provice 3 vehicle milcage
report with user solectable date ranges showing s traveled per day and first
starlas stop times for each day n the selected cate range.

Vehicle Hours Report (Al Vehicles)The system must provide an engine four
report with user selectable date ranges showing engine hour usage por day and first
storlast stop times for each day In the selected dte range.

532

| report with usersclectable date ranges showing uszge of monitored ausilary

Custom Reports (WMT Fet only) ~Tne system must provide a custom nput usage,

equipment such as underbody blades, temperature sensors, and aditional
companents. Report must be abie to show all actiity o e run on  single auslary
equipment put such as low position.

Material Usage Report (WMT Fleet only)-System must provide material usage
reports to accurately rack the amount of granular materll ore-wet anlor direct
fauid that was appled to a predefined section of oadway, or “zone”. (for spreadier
integrated equipment onhy)
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0 ot st be abie o provide data rom al sl spreader controllers nto one
veport. Users shallbe bic o slect ll, mltiple, or ndivical vehices and dtels)
anc timeframe for each report. Repor shal output ata minimum vehicl 0,
date/time, venicle spreading timefGistance, deatheading ine/distance, veficie
‘otal ravel tme/distance, dry materalusage {pounds/ lene i), lquid materil
usage, v, application e, __

5535 | The system shall provide easy 1o Usé reparlng toals 0 provide il reported data
Reports should have the option of exporting o Excel, €SV or other elatonal
darabases,

TBE36 | The system shl b able t gererate summory reports based an e ers it
parameters. Each user sal have the abity o conigure the perameersIncluded Tn
areport

5537 Reports Shall b configured to slact lfher 3 Sngle vehidl o group of vehicles.

B5.38 | Ttmust be possibe to generate additional user defined reports. These include, out
are oL imited t

[ o™ Tzone/noutereport =

[ b Fleet Start/stop Report

o IncvidualVericl Mileage Feport -
& Daly/Weekly/Monthly Asset Usage Feport ]

[ Custom Asset Usage Report -

£, Custom nput sage Report (s discreet inputs]
5. sse Distance Report .
b Exceation Reports -

5535 | In acition to scandard reports, the syster must e capable o generaling exception
eports for parameters such as
+ Stop times.

+ speed

+ Idle time |
« Zones

« Inputbased exceptions . Panic buons, PTO times,etc}

+ Dsta logging excestions .. mieage, odometer vlue, etc)

+ Exceptionreports *

5,540 | Excention report shall be canfigurable by each wser and the capabilty (o gerrate
an exception eprt from 2 combinaion of 2 or mare parameters must be possble.
L It must be possible for a user to create an exception report for WIS that are
applying material and traveling above 3 requested speed.

G541 | Allexception reportahall have the capabilty 1o bo displayed on the website and a5

| welt 2 bein sent automaticallytospeclfied users via amall and o Lot message (as
| getned by e user. _

542 [ The system shall provice an easy 0 Use 690t (00l 0 provide vehcl and
materialinformation such as date, time tarted, Ume comsleted, totalmles
traveled, totl milesspread, tota dead head s, material usage Ton), applcation
rate, Liqid usage {gal), Favid applcation rate, and totas o the above information

L per snow event/storm. _ .
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Attachmont D;
Maintenance Decision Support System (MDSS) Requirements

The MDSS (*System™ shal detet,dingnose, forecast, and display suefce transportaion westher
phenomens, oud condition information, and Witee matenance teeaiment recommendations.
(descibed Sersin)foe supporing e rosd mainlenancs aperatiors (s, snow plowing, deicing,
anticing ic).

The System shallinclude the capability 1o selctively urhive data s display archived data und
producs. The System shal fncudo the capabiliy o roucively monitor the system status. The System
shallbe aul toerant il i reliability: The Systom shallbe designe in sccordane with standard
commensal practices for softvare development, Tho System shall b designed to make reasonable
allowance for expansion of computing power. The Systen softvare shall be designed to ensure that it
o run on commersial-off-the shelf harduars ommonly avalable that i, no spesil hadvare
ovelopment wil e necessaey. The Sysrom shall be designed o ensur thf it can ncorparate
weather and road dta from disparae sourcs (e, National Weather Service (NWS), Depatanent
AVLIGPS, Department Comnced Vehicle projects, mesonetworks, RWIS, AWOS, ei). The
Systens incuding,all servers and displys) shll bo symehonived using s ime sandard. The System
shal iselude he capabily o playback hisorical ata for domorstration,ning, and anlysis
puposes Tho System shalluse Local Time (LT) for alldisplays.

“The Systom displays shallbe implemened in English with English units s he defaule seting. The
System shal intgale evironmentl Cveather), oad condition snd ransporttion operational da
s that allows t o provide preditions of pavement condions (e, pavetent femperatuee,
precipitation accumsltion, anticing chemicel cfeetveness, etc) nssocised with winte road
mainteaance.

Using the peverment conditon and cnvironmental prdition information, e System sl provide.
decision support guidance o winte road maintenance practitoners and the uidance shal inclods
nformalion rlatd fo eatment options (&, plow, deic, ati-ce,efc.), timin o applcaron,
Iocstion ofapplicaton, and emount of splicaton) bsed o curent and predicted weather
conditions Th Systom shall norfy usrs when daia upates (.2, nev forccass)are vailable and
the updates sl be loaded whes the use slects 0 da o,

MDSS Coverage Aren
“The System stallbe designed o cperato (v configurabl fls)inany user-defined region (e,
e, iy, counly, e tat s nut Gta nesessary 1o suppor s opertions. Th Sysi shll
generate weather forccasts for zones o regions arousd he Sate s entiied by the wsee (e.2.
Torecast zones, malinennes zone, cic.). he Systcm shall provide weather end road condition
products (v configueabla fls)fo coad rovtes (mainenance rovtes)idetifed by the us:
System shall bo canfigure o provide wether and toad condition peoducts fo s identfied coad
maintenanee roucs

Weather Forceast Products
Weather Rorsoast products efer 1o weather lements above the ground. Weather forecast products
shal be provided ot 0 tfeast 48 hours. Weather forcast prodcts shall have  temporalresoluion
ofatfeast one howr, Westher orceas products shellbe updatcd no less than evry thrcs houe; (hat
is, v 48-four foreeast shal b provided every three hours,

“The following weather forceastproduts shll be provided 2 melers ahove ground level (AGL),
nless thorvise noed:
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) Stface i temperaiuce
b) Surce dow point
) Surfsce elative humidity
@ Surfac wind speed & diection
< Sufico wind gust
) Precipitaion type
5 Precipiaton rae
) Snowfall accumulation (0.5, 3-he total, &-he total, and total acsumalation during he
Doreast priod)
) NWS wtches, wamings and advisories
The weather orecast products shall be geo-refssened to the DOT domain using map overleys hat
include toads,road designators, poltcal boundaries,ci.

Sunface dir Temperatre Forecast Prodict
The output (content) of the Surfaco Al Temperature Forecast Prodict on the display shall have the
fllowing charuerorstics:

@ The surfice air tempersture shallbe provided in degrees Faeenheit

) Time series nformation (txt and grapical fornats) of the surfaceai teaperature shll be

provided.

). Reforsnce Fines (configursbie) assosited with freuent theesholds o, reing) sal be

provided

Sfice Dew Poin Temperature Forecast Prodiet
“The output content)of the Surface Devw Point Tomperature Forecast Boduct on the display shall
have the following characteristcs: ) The surfuce dew point temperatuie shall be provided indegrees.
Fahvenbeit b) Time seies information (ext and gruphical osmats) ofth surfce dew point
empersture shall b provided.

Stfoce Wind Speed & Directon Forecast Prodict
“Th out (content) of the Surface Wind Specd & Direetion Forecast Produet on the display shall
have the olowing charactoisics:

@ Thewind speed shall be provided i statute il por hour by default

5 The wind directon shall b provided in depsees wih respect 0 trus noch

&) Time seiesinformation (et axd graphical formats) o he wind speed and dirccton

Stnace Wind Gust Forecast Prodics
“The ontput (ontent)ofthe Sutfc Wind Gust Foreeast Poducton te dispay shal huve the

following characrristics: ) The wind gust specd shall be provided in statute milesper hour. ) Tine
srics informalio: textand graphcal ormats)ofthe wind st specd shal be provided.

Conditonat Probabiliy of Precipitaion Type Forecast Prodict
“The conditional prababilty of preciptation e i & produt tat deseribes e probabiliy that o
paricalar pecipitation type (8., ai, snow, feezing 8, cic) wil cser if Gire s ny.
precipition atal.

The Precipitation Type Forcerst Produet hall nclude the conditional probabilty o precipiatos
iy Tl s, he user sha: b able fo view the probabiliy of cach type of preipietion a5 wll 18 the

predominant fype.
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. The precipitaton type shall be provided fr atlastthe folowing:

a Rain
b Saow
o ke

. Mised (rain,snow, iec)
b, The predominant prespiation type (the type that the modst selects s the most likely
Kind tha will oocu) shallbo idertified.
. Time seies informnaion (st and graphical formts) of he predominant precipttion
typo shall be provided.

Precipiasion Ree Fopeeast Prodies
The ouput (content) of the Precipiation Rate Forceast Produet on the disphy shall have the
ollowing characteristes:
. Th lquid equivalent preciptation rat shll be provided i inches pe hour (1.
precision of  hundredth of an inch).
b The snowfll precipitation at shal b provided in inches pe hour (0 2 precision ofa
tenth ofan nch),
. Tims seies informtion (ixt and graph
provided

I formats)ofth precipitatio: rate shall b

Suowfall Accumetion Forecast Prodct
The Snowall Accumulation Produetshal indiate he umount of snow hat i expected 10 ceah the
surfce (pround) over  specified period. Meling of prespiarion duoto wanm surfueo conditons i
ot considerd in s poduct

“The output (sonter) of the Snowfall Accmulation Forceast rodueton e display shall have the

following charmeeristics:
' Tio snowful socumulation shallbe provided n inches (0 a precision of teh o an
inch)
. Time sries information (ext and graphical formats) of the snowfal sccumation shall
be provided

. Snowtal sccumulation shall b providerd at user-defined tmpora increments oul 0 4%
ous .8, -howr, &-hour, 12-hour accumalation, )

‘Weather Observation Products
Weather observation podicts shal be provided by the System, The weathes cbservations procucts
shall be geo-referenced t the DOT domain using map overlays tha inchude roads,rood cesignators,
political boundarics, ct.

Weather observation prodcts shat! fncude, but ot be imited to, cbservations from the ollowing
sources: NWS, DOT, FAA, and othersources as available.

Weathor abservaton products shll includs the following purametes, where availabl:
At emperature (degreos )

Reltive humidiy (ercen)

Do poiat degrees )

Wind specd d wind dirceton (iles per hour & degrees Wi respe 9 e aor)

Radie lngery
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“The weather obscrvation products shall update 35 e data aeive, The ontput sontent)ofthe
et observation poductson th display shall have e following claraceristes:
. The surface obervaton datashall cxpie ofthe sereen afler a confgrable
umber of mizutes
The cxpiation time shal b independently configurabl fo cach obsecvarion podhict.
! Timo sries(ext and graphieal formas) shallbe provided.
. Animation ofthoabsorvations shal b provided.

adar Produet
The radar product shall be based on dats provided by NOAA, Other radar dot sotrees may bo vsed
iFapplicabl (o, FAA Terminal Dappler Weathes Radar,loal mediz owned radats). The acar
procictshal b based on th refectivty Cntensiy) Fild. Th radar prodtct shal updace s aow dota
“The ouput costent)of the radae peoducton the dispay shall have the following characeristcs
 The radar cefeeivity (ineasity) fiod sl bo isplayed (pls color lgend).
« Radar products shall b provided for user-defned domains.

WIS W, Warnings and Advisores Prodict
NS watch, wornings und acvisories for e DOT dosia shall b provided.
e NWS watch, samings sn advisoricsshal include, but ot it to
& Winterstorm watches and warzings
Flood watches and warnings
Flash flood watches ind warnings
Severe thndeestarm vatches and waraing

o Tornado watches und sarin
£ Lligh wind watches and wermings
& Special weather salemert
h
i
&

Freere watches and warni
Winter weather advisorics
Dense fog advisories
Snow adisorics

watch, warning and advisory product shall he provided i text formal, Graphical
depictions of NWS watches and warnings may be provided, wherc applicabl.

When an NWS watch, warming or advisory s in effcc for an area (conTgurable) hat coversthe DOT
domain,the display shal provide an indicator (5., highlighied button).

‘Road Condition Observation Products
Road conditon absertation products skall be provided and shovwn on the display.

Rosd conditon abservation produsts may incluce, but ot b limited s, observations or
meastrenments from the following sources:

o, Eavironmenta) Surfice Satons (ESS)

b, Road Weadher nformation Systoms (RWIS)

<. GPSIAVL daia snd Comnccted Vehicle dta from Depariment flect
(The CCT will decide which sourees are ised, and how,
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Roud condition obscrvation produets sha ncludo the ollowin purameters, where svailble
Road temperatuce (degrees T)

Subsuctace temperture degrecs F)

Chemical concentraton on road (perceat by weigh)

Freczs point femperature (degrees F)

Pavemeat condition as: Wet, Dy, or Chemically Wet

Snow, st and eo depth (inches

Blowing snose (yesin)

b Visiilty (miles or fsctins of miles)

Ereanes

“The roud conditon observation poducts shal upéats 13 new da v, The autpul (ortent) of the
oad condition obscrvation prodvcts on the display shallhave the Tollowing charsceristics

& The sufuce observation data shel xpive offthe sereen afte  configurable number of

aes

b, The expiration tim shallbo independestly configurabl for cach observation prodict

. Viowing,of the product shll be user slectble

. Time seies(text or graphical ormats) of th abservations shall bo provided.

. Animations of the oxd condiion prodets shal b provided,

Road Condition Prediction Products
“The toad condition prediction products shall be provided outt a east 48 hours Th oad conditios:
prediction proucts shall huve s temporal resolaion of a enst one hour. The rad conditon
predicton prodets shll be updated overy three hous; it i, u e 45-hour forceastshal be
provided no fes than every fhice hours
The following road condition predition products sall be provided:

. Road temperature
Roud chemica] concertration
Sow depth on road
Rlowing stow potential
Pavement lrost potential
Pavement condition

Rowl Temperature Prediction Product
T Moad Tempezturs Predicion Produc shall b provide at prdefined (enfigurable) lcatiors
associted it each DOT mainenanc e, The Road Temperntre Preicton Productshall bo based
o thermal enrgy balance modelaslor empiiclly based model.

“The ouput (conten) of the Road Tempecture Prediction Proclact on the display shall ave the
following characteristcs:
a. The toad temperarure shall be provided in degrecs
. The roud temperature shall be presented graphically t cach foreast ocatin within the
chosen (confgusable) maintenazce routes,
. Time sercsinformation (ixt and graphical ormats) shll e provided.
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Road S Depih Procicion Prodict
“Tne Kead Snaw Depth rodicton Prociet shal provide infortion tat desrives the anovitof
snovw tha s prediced fo acsumalate o osd surface withouttraffic and fo specific winer
maintonance trsiments

Caleultion of the Rowd Snow Depth Prediction Produ shllfake intoaceount (a  minimm) the
forecusted prsipitafion type and afe and oad temperatur o estimsto the amount of snasw that will
accumulate o the oad surfce.

The Snow Depth Predition Produt shall be provided a pedefined (configurable) locations within
each DOT maiatenace oute,

Culeultion o the Ssow Dipth Predicton Product shall tske o acsount trestment options inchuding
the amaun oFsnow expecte o accumulte on he oad when; 1) o weatment s perfonsed, ) the
recommended tieaunent is performed, and <) user-defined teeatment ispesformed.

The output (conteat)ofthe Srow Depth Praduct on e dsplay stall have the ollowing
chareerisi
. The smoswice smount shall be given n inches by dofaut 1o & fenth of aa k)

. The snoss depth shal be shown fo vrious freatment opions including: n testment,
dod rcatment, and use-dfined reatmen.
. The road snaow dopth sl be presented graphicaly a each forecast location associte
with the chosen (cosfigurable) maintenance r
& Time series nformaton (ext and graphical formats) of the road contamination

accumulation shall be providec.

Blowiug Show Potental Product
“The Biowing Snsw Pofertial Product shallprovide informarin tha deseibes the fiklirood for
blawing snow (., low, mediun, bigh), Caleultion of the Blowing Shrw Potental Produet sall
12ke 0t ccount (312 inimum) egent ol eharsetristics, the foreasted precipittion ype
and rate,prediced wind speed, Iocal wpography, and preicted ar temperature. The Blowing Snows
Poenial roduct shll be provided at predefine (configurable) loctions within each DOT
Tho outpu contont)ofthe Blowing Seow Patenial P
eharacteitis:
3. The fielihaod value for blowing snow o.2, ow, mediu, bigh or as  percentage)
b, Likelhod values shall be provided at howrly fcremeats
o Lik
4. Time sriesinformation (ext and graphical formas) shall be provided.

et 02 the disply shallhuve the following

ihood velues shll b provided a hourly incremonts.
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Pavement Frost Poential Procict
“The Pevement Frost Pteatisl Product shall provide informaan tha descibesthe ikeliood for st
o the pavement sufico (ord o brdge) o.., low, medium, igh oras & percentage),
Caleltion of the Prvement Frost otential roduct shlltak ints account (o & i) predicted
pavement temperatre, prediced precipiation type and ate, predicted eind speed, predicted oltive
ity (onsideretionsof dew pointfeost pin), and peedicted sie temperstue. The Pavement
Frost Potential Product sl b provided atpredefined configurable focations within cach DOT
molatenance ot
“The output eontent)ofthe Pavement Frost Potential Produt o the display sl e the foilowing
Chancterisics:

3. The likciood value for pavement fost (., low, mediun, bigh o s percentoge)

b. Tikeliood valuesshai he provided at hourly incrémments

& Likelihood values shal b peovided forexch road foreenst seginent s . plow rot).

. Time seies information (ext and graphical formats shall be provided,

Favement Condiion Prediction Prodict
“The Pavement Condition Prediction Prod
pavement and include:

a Wet

b Dry

et shall provide nformation on the predicted state of the

. Chemieal wet
. Pescent coverago ofsnaw und
€. Snow, frost, and e depth (inchos)

“The output contear) ofthe Pavement Canditon Prcition Product on the display shll have the

following sharacersties:
. The pavement ondiion shallbo preseated i text format indicating the paverent

condition e ., wet,dry, chemical et ete.)fo cach ron forecastfoeation .., plow
“outes)
b, Timo seris information (fext and graphics! formats) sal b provided.

Calelation af he Pavement Condition Predicton Produst shll take intoaccount e pavement
conditon when ) 10 treatment 3 perfomued, b) th reconmended reatmeat s peformed, and <) o
user-defined tratment isperfomed

Forecast Confidonce Product
A measue of confidence shall be providd for the following weather forecast and road condition

prediction prodses:
4. Snow aceumulation

b Brecipation fype
e Road temperature

Tho calculation ofprediction canfidence shalltake ino account recent staistial peformance of cnch
parasictr and othe approprise mertics.

The output (content) ofthe Prition Confidence Prodact on the display shall hav the Follosing

ehiracteistis:
. The predicton confidence shall bs gven as & percnge, and shal b able (o be [

aisplayed graphically.
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. Extor siatistes shall b caleulated that rsflect recont il
- Time seriesinfomation of th pediction confdenes or erorsatstis shal b provided
for the ahove-montiored product

‘Generation of Treatment Recommendation Predictions
he System shall provide eatmont ecommendian predictions fo vt rosd afnienance at user
defined (eanigurabio) locerons ., plow rortes).

it System shll pravide ccstment ecommendstion pedistions ont 0 i kss har 24 hours it the
e

he wintr maistcnancs rulesof practce used n the System tal be based o the Manal of Practice
o Effetive Ani-lcing Propram and NCHRP report #526 - Snow & o Conteol Crtlmes fo
Materialsand Methods, and be confgarabl, as ncessar, o reflect loeal DOT pracice

“Tratanent ecommendationsshall include th Toliowing for cach us defind route
& Reconunended inial ecotment sar e
b, Reconmended subscquent retmen star e
e Recammended treatment ype (.2, chemical, sbesives, plow)
b Recommended chemicaltype based on avifable chomicals as idetiid by he

Deparment

€. Recommended matria it (.2, mount per ane mite)
- Recummanded pre-restuent pe (ol o fiquid), whers applicable

The Syster shall have a capabily o incorporate constcuints (configurabl) or ach route so fhat
Imelevant teoment ecomumendations arc ot provided. For example he s of NaCl shoutd ey bo
ecommended I€ e use docs not se hat chemical. Constrints oy fneluce

. Availablo materes (e, NaCl, MgCh, CaCls, abrssivo ot

b Application e limits (buse on truck spreacling i)

- ot eyce limis (minim tum around e t repeat eatmenty

Treatmeat ecommendations shal be calculatcd, 0 the greatet extent possble using a combination
f curent observational data o the st of he roedsway and pedicted wether and o o

Treatment ecomasendition calcuitions should consder, toth gretest xtent possible, actors that
imprct reatment cffctiveness (e, hemial scaler, slacr, AT impuct, speser
charatersics, et

Systew Alert Function
1o System shall prvide capabilty to let s s whn speci dat heshold (configurable)
ave been excecded. Users sl b abl to query the Systm and viow the information sl o 1
Aler.

The Sstem shall icicate that an alr s v y ano o mors of e ollowing cthods )
Hihlitingun alort btk 1) Changinthe color of an alet btton o) lshin an alet bt 4
Audibl aler it scris o beops ortones) Tho System sallinclude s capabiny 10 e e or
et message noticesor cel phone calls (1 canfigurablelst of aluse) whon secife sl
(eonfigurable)are generute,
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Display
e disphny shll tuve the olowing general capabiles
& Abilty 1 view plan-view grophics
. Abiliy to view time-seriesinformition
<. Animation
<& Time slcton hereythe wserca st hetm peifor at viewing
<. Print function
£ Aleit function
Abilty 0 reviow bisorial data
Abilty 0 select viewing rea
Abilty 0 slect produts for viewing
i Help functon
K. Abilityto combine cata on time series plots
. Abilty o sonfgure dts ranges (scate) for each e seics plot
. Abilty 1 overlay and combine graphical products

In vehicle display:
. Ability t view plan view graphics
b, Ablity 0 view lcal radar
e Ability o view route specific weatment recommmendadons
. Abilty o view route speciic westher and pavenent forecast

Map Overls
e Sysiesshll make t calghtorvard (.., vin sonfiguction ies) o fncorporte mew i da

Map overlays sail b avatabe for ho following:
2. Roads (Site and focalHighvys and sccondary ronds)
b Rowd designators (e ., route munbers, e
. Road Conirolsecion and mile markes identicaton.
- Poltical boudries eg. Stotes,counies, maitensnce rones, MDOT region and ¢
area, )
e Cites
1. Weather and road conditon observation sites

Data Archive and Wistorical Dats Revien
St sl el  shot o long-crm o scrg apsbity, Th procss ofsaving doe
shall no nterfere it the movanal cperaion of the $yston

Short-Term drchive
e shortterm archiveshalconss of e st foreen (14) deysof o, The oldstsored dota
S olinely Gubbed) et by e incomig i, such e g o s
ot s prescrved. Data withi theshortem achive sl be viewabic by slecing e e s e
of inerest fiom the disply inertace

Loug-Tern drchive

e neterm arhiveshal consist of at sets secifiely saved by th user. The Systom shll not
it ) dl il th long-term rchiv. Th usr shll e the capbility vy et e
e and Rlenamo o the ong-orm atchive. The Systom shll provide  sapabil o o
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vt from th fong-fe archive. This eview sall ot inferfre withthe aperaion o the st
time system, Thisrequirement could be met by having  separat Syatem available o view data from
the Bisorial archiv.

Historical Data Fiewer
The system shall e & capaily o iew grecen) histoieal weather and roud condiion prition
produets togeher with stial abservational data o give the user an indiceion o he peformanee of
the weather and toad conditon predictions.

Users shait have the abilt o slectany of e orseasts rom th previous 24-hour period. For
xample, the user shal be able to sccta foreenst 6 hours previous and comparo the predietd
conditions ta the actus! conditions.

Securlty
Means sl b provided to prevent the wnautorized use or misus of the faciltes provided inthe
Systen. This paricularly applis {0 those unctions that c be use (@ seconfigure o change e
Opersting staus o he System or subsystems,

‘Security shall be provided e, password protction)to nsure hatthe Systen cannot be
aceidentally disabled from any Gispay device or nework systern,
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