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1. Project Description
The Safe Intersections Systems project will develop and field deploy three to five intersection collision warning (ICW) systems using commercial off the shelf (COTS) products, to provide active, real-time supplemental warning to drivers approaching an intersection and alert them to look for traffic at or approaching the intersection. The intent of the ICW project is to develop a safe and effective low-cost system that can be readily deployed in rural areas and is easy to operate and maintain. 

The project will follow traditional systems engineering principles to provide for stakeholder input, requirements definition, detailed system design, laboratory testing and field operational testing phases. A multi-organizational project team will provide input throughout the project. The project will be delivered over a 30 month time frame from July 2010 to December 2012. System installations are anticipated to occur during the summer of 2011.  A project evaluation will be conducted to capture data on the effectiveness of the ICW systems. 

Bottom line, our goal is to develop a low-cost, readily deployable, low maintenance systems that can be used by transportation agencies to reduce crashes and fatalities at low-volume, non-signalized rural intersections

2. Problem Statement

According to the Minnesota Motor Vehicle Crash Facts for the year 2009, there were 421 people killed on Minnesota roads, another 31,074 were injured. A total of 180,849 people were involved. Rural areas account for about 2 out of 3 of the fatalities in Minnesota. About two-thirds of all fatal crashes occurred in rural areas. Traffic crashes are estimated to cost Minnesota almost $1.5 billion each and every year.

In Minnesota, about two-thirds of all traffic crashes involve more than one vehicle. For multiple-vehicle crashes, for drivers through age 64, “driver inattention/distraction” is cited most often and “failure to yield right of way” is cited second most often. For drivers over age 65, the pattern reverses: failure to yield is most common and inattention or distraction is second most common.
Also, it has been found that most crashes occur in good driving conditions. Over half of all fatal crashes (60%) and over two-thirds of nonfatal crashes (68%) occurred during daylight hours. In addition, the Minnesota Crash Facts notes that a majority of crashes occur in good weather conditions. 66% of fatal crashes and 55% of nonfatal crashes occurred during “clear” weather. It is also noted that road surface condition conditions were usually good. Only about 26% of all fatal crashes were on wet, snowy or icy roads. 

What this tells us is that many of these 73,498 crashes in 2009 may be avoidable. Driver distraction or inattention coupled with failure to yield is the primary cause of many fatal crashes. Many of these fatal crashes could be avoided if the driver(s) becomes aware of a potentially dangerous situation and take the necessary precautions. 

Minnesota’s Strategic Highway Safety Plan Update (SHSP) identifies a series of critical emphasis areas. The Top 10 Emphasis Areas include improving the operation of intersections and keeping drivers alert, increasing driver safety awareness and improving information and decision support systems. The ITS Safety Plan lists “Install rural intersection warning and decision support systems” as an ITS Critical Strategy. Obviously, the state of Minnesota takes rural roadway safety very seriously and ITS offers another tool that can be used to reduce crashes and subsequent fatalities, personal injuries and property damage.

Over the years there have many quality research projects that have addressed these problems. However, at this point, very little of this research has taken the next step to develop real traffic actuated dynamic commercially available off-the-shelf products/systems that can be deployed quickly to start saving lives. Since there are literally thousands of miles of rural roads and thousands of non-signalized rural intersections in this country there is a need for relatively low-cost solutions. Many Mn/DOT districts, counties and smaller cities are looking for such systems that they can use to reduce the number and, potentially, the severity of intersection crashes. However, there are many traffic components readily available for fielding an intersection collision warning (ICW) system.
3. Stakeholder Description

Over the course of this project a number of stakeholders will be involved.  Involvement will vary depending on the stakeholder roles and responsibilities.  Stakeholders that have direct involvement in delivering the project have joined together to form the Project Management Team (PMT).  Following is a list of the PMT members.
Mn/DOT Project Manager

Jon Jackels

Jon.jackels@state.mn.us
651.234.7377

SEH Project Manager

Tom Sohrweide

tsohrweide@sehinc.com
651.490.2072

Mn/DOT

Ray Starr

ray.starr@state.mn.us
651.234.7050
Mn/DOT

Brad Estochen

Bradley.estochen@state.mn.us
651.234.7011

Mn/DOT District 4

Tom Swenson

thomas.swenson@state.mn.us
218.846.7970

Mn/DOT

Mike Posch

Michael.posch@state.mn.us
320.223.6573

FHWA 
Jim McCarthy 
James.mccarthy@dot.gov
651.291.6112
FHWA

Will Stein
william.stein@dot.gov
651.291.6124

Otter Tail County 

Rick West
rwest@co.otter-tail.mn.us
218.998.8470

SEH 

Dennis Foderberg

dfoderberg@sehinc.com
651.491.0878

NTT

Gordon Melby

rftoolman@live.com
612.590.8912

Iteris
Lisa Raduenz

ljr@iteris.com
612.338.5228
There are also a number of stakeholders that may have an interest or become exposed to the project.  Those stakeholders include:

· Drivers:  This group of stakeholders consists of the driving public who will be exposed to the ICW systems.  Obviously, this is the group that the project is intended to impact.  This groups driving behavior will be a significant component in the project’s evaluation.
· Operations Staff:  Minnesota Department of Transportation (Mn/DOT) District 4 and the Otter Tail County Highway Department will host the system installations and along with Mn/DOT Electrical Services will have interest in the installation, monitoring, and ongoing maintenance of the systems.
· Law Enforcement:  The Minnesota State Patrol and the Otter Tail Sheriff’s Department.  Some of this group may become members of the PMT.
· Other Interested Parties:  Once deployment of these systems begins, interest is anticipated from the media, professional associations, road safety experts, educational institutions, and other governmental agencies.  
4. Project Objectives

The goal of this project is to field deploy at selected non-signalized low-volume intersections and investigate the use of COTS traffic components to provide detection, processing, communications and display for three to five ICW systems to determine feasibility. The objective is to recommend low-cost, readily deployable, reliable, low maintenance, and cost effective systems that can be used by government agencies to improve safety on rural roads at non-signalized rural intersections. The bottom line, output from this project will recommend a total of three to five systems that can reduce the number and severity of crashes at rural low-volume non-signalized intersections to save lives, reduce personal injury and reduce property damage resulting from intersection collisions by raising driver awareness of potentially dangerous situations. 

5. Concept of Operation - General Operational Description 
This concept of operations general operational description is provided to aid the development of the ICW System Requirements, detailed system design, installation, operations and maintenance.  The concept of operations is focused on providing the project team clarity in how the systems will be used.   Presented below are descriptions of how the systems will be used and will be described from various stakeholder viewpoints.  The descriptions assume the systems are deployed.  The next section will describe the installation process and operational scenarios associated with the installation and operations of the systems. 

5.1   Deployment of the ICW Systems
5.1.1 Location 

Mn/DOT District 4

Minnesota

· Location 1 – tbd 

· Location 2 – tbd 

· Location 3 – tbd 

· Location 4 – tbd 

· Location 5 – tbd  

5.1.2 Description from the viewpoint of the driver.  

Drivers on the major roadway, departing the intersection, will experience the intersection in the same manner as prior to the ICW deployment.  
Drivers on the major roadway, approaching the intersection will have an additional warning sign or dynamic warning/message or both, to warn of vehicles at or approaching the major roadway from the minor roadway.  The warning will be advisory.  The advisory message and sign format will be determined in the design phase of this project.  The warning will be dynamic.  If no minor roadway traffic is at or approaching the intersection, no warning indication will be given to the driver.  If minor roadway traffic is at or approaching the intersection, within the design parameters, a warning indication will be given to the major roadway driver.  The design parameters may include minor roadway vehicles at the intersection and/or within a configurable time/distance to the intersection.  The intent of the warning is to draw the attention of the driver on the major roadway to the vehicle(s) on the minor roadway so that the major roadway driver will be ready to react if the vehicle on the minor roadway pulls out.
The signage that was present prior to deployment should remain the same.  However, an observant driver may also observe additional equipment such as a solar panel or a dynamic advisory sign that is displayed to the minor roadway traffic.
Drivers on the minor roadway(s) of the intersection will have an additional sign displayed to them at the intersection. As they approach the stop sign, they should notice the sign across the intersection. The sign will supplement the original intersection regulatory signage.  The message and sign format will be determined in the design phase of this project. The message will be dynamic.  If no major roadway traffic is approaching the intersection, no indication will be given to the minor roadway driver.   If major roadway traffic is present, approaching the intersection from either direction within the set parameters of the ICW system detectors, an indication will be given to the minor roadway driver. The design parameters may include major roadway vehicles being within a configurable time or distance to the intersection.  The intent of the message is to draw the attention of the driver on the minor roadway to the approaching vehicle(s) on the major roadway so that the minor roadway driver will wait until it is safe to enter the intersection. The ICW system will provide a predictable, easily understood indication to the driver.  The type of indication, sign configuration, and fault parameters of the indication will be determined during the design phase of this project. 

5.1.3 Description from the viewpoint of the transportation engineer.

In general the transportation engineer will identify intersections in need of safety improvements through traditional means such as crash data, public comment, intersection safety audits, and professional judgment. The transportation engineer will evaluate the viability of an ICW system by reviewing the current intersection signage and evaluating cost and performance criteria. 

In cases where the transportation engineer determines that use of an ICW system is needed a plan set will be developed to identify location of ICW system components and other intersection specific information.  Prior to installation of the ICW system, in-place traffic control devices will be inventoried.     

There should be no need for additional public education or notice in order for the ICW system to be deployed and operate effectively.  However, the transportation engineer may choose to provide some form of public notice of the change in traffic controls, and provide some level of public education to establish expectations and guide driver behavior through announcement at public meetings, such as county board and city council meetings in order to provide some public relations. The installation of the ICW system may serve as an opportunity to provide general traffic safety educational messages to the public. Articles or announcements in local newspapers or circulars may also be appropriate.

As with any change in traffic control, the transportation engineer may expect questions or comments from the public, media, or elected officials. The transportation engineer should be prepared to address questions by understanding the objectives and intended operation of the ICW system.  

The implementation of an ICW system will not constitute an addition of an enforceable traffic control sign. The ICW system is advisory.  However, the transportation engineer may choose to advise local law enforcement of the addition of the ICW system so they are also able to respond to questions or concerns raised to them by the public. 

The transportation engineer may direct installation of the ICW system. The engineer may also be responsible to direct maintenance staff to perform initial system diagnostics and ongoing adjustment and calibration on a scheduled basis.  The engineer is also responsible to determine an emergency repair policy of procedure in the event the ICW system fails. 

The transportation engineer should conduct periodic review of intersections to evaluate and adjust traffic control as needed.

5.1.4 Description from the viewpoint of the maintenance worker. 
The ICW system installation for this project will be performed by a contractor.  The transportation agency field support staff should assure the following tasks are preformed and inspected.  The maintenance staff will be trained in the maintenance of the ICW systems.
Ongoing system maintenance may include items such as:

· Emergency repairs in the event of an ICW system failure.
· Scheduled drive by observation of the ICW systems.
· Scheduled system diagnostic readings.  
· Scheduled preventive maintenance.
5.1.5 Description from the viewpoint of local law enforcement.

The implementation of an ICW system will not constitute the addition of an enforceable traffic control sign, the ICW system is advisory.  However, local law enforcement may become aware of the placement of the ICW system via notification from the transportation agency or from inquiries by the public. 

In general local law enforcement should have no additional responsibilities or traffic enforcement activity as a result of the ICW system deployment.  Local law enforcement should become familiar with the objectives of the ICW system, and may choose to use the installation of the ICW system as an opportunity to provide general traffic safety educational messages to the public.

6. Concept of Operation - System Operational Description
This concept of operations system operational description is provided to identify the roles and responsibilities of the parties participating in this project.  The information in this section may be used to drive the development of the individual system requirements, detailed system design, and system installation. However, the primary objective of this section is to provide guidance and clarity to the specific tasks that each stakeholder will need to take throughout the course of the project in order for the project to be successful.  

6.1 Stakeholder Responsibilities.    

· Development of System Requirements    
· System requirements will encompass a number of detailed descriptions of how the systems will function and to what parameters the systems will perform.  They may include functional, performance, interface and data requirements as well as items such as reliability and environmental requirements.  

· All Team members will be engaged in the development of the functional requirements through the attendance and participation in project meetings.  Draft meeting materials should be reviewed prior to attendance at team meetings to enable productive discussion and work during meetings.  Responsible – PMT 
· Each team member should contribute items to the system requirements in general, but also bring forward any specific items to be included in the system requirements that represent your specific discipline or stakeholder group.  Responsible – PMT 
· The Consultant team will be responsible for gathering, drafting, and presenting the System Requirements and will prepare and deliver the final System Requirements document.  Responsible – Consultant 
· Preliminary Engineering/Hardware Selection

· Identify needed agency approvals.  Responsible – PMT
· Determine sites for system installations.  Responsible – Mn/DOT District 4 and Otter Tail County
· Determine availability of AC power at each site.  Responsible – Mn/DOT District 4, Otter Tail County, and Consultant
· Prepare site plans.  Responsible – Consultant
· Assess safety considerations at each site.  Responsible – Mn/DOT District 4, Otter Tail County, and Consultant
· Investigate/select hardware for deployment.  Responsible – PMT
· Detailed Design
· The Consultant team will recommend design parameters for review by the stakeholders.  These parameters will include but not be limited to:

· Major roadway detection
· Minor roadway detection
· Signing 
· Warnings

· Power supply
· Communications
· Control

· Equipment mounting configuration

Responsible – Consultant
· The Consultant team will prepare draft and then final designs.  Responsible – Consultant
· The designs will be reviewed by the stakeholders subject to their involvement and expertise.  Responsible – PMT
· Hardware Acquisition (if not bid to furnish and install)

· Prepare bid documents for COTS hardware.  Responsible – Consultant
· Solicit bids.  Responsible – Consultant
· Receive and review bids.  Responsible – Mn/DOT and Consultant
· Determine procurement source.  Responsible – Mn/DOT
· Enter into purchase agreement for hardware. Responsible – Consultant
· Arrange for hardware delivery to Mn/DOT for inspection.  Responsible – Consultant
· Installation Contractor Oversight

· Prepare bid documents.  Responsible – Consultant
· Solicit bids.  Responsible – Consultant
· Receive and review bids.  Responsible – Mn/DOT and Consultant
· Enter into subcontract agreement with selected installation contractor.  Responsible – Consultant
· Provide construction observation.  Responsible – Mn/DOT District 4, Otter Tail County, and Consultant
· System Integration/Testing

· Require hardware component Factory Acceptance Tests.  Responsible – Consultant
· Conduct hardware component bench tests.  Responsible – Consultant
· Conduct system bench tests.  Responsible – Consultant
· Conduct hardware component installation tests.  Responsible – Consultant
· Conduct software functional tests.  Responsible – Consultant
· Conduct completed systems acceptance tests.  Responsible – Consultant
· Training

· Develop high level training plan.  Responsible – Consultant
· Develop operator training course outline and course materials.  Responsible – Consultant
· Develop operator training manuals.  Responsible – Consultant
· Conduct operator training.  Responsible – Consultant
· Develop maintenance training course outline and course materials.  Responsible – Consultant
· Develop maintenance training manuals.  Responsible – Consultant
· Conduct maintenance training.  Responsible – Consultant
· Spare Parts Recommendations

· Prepare spare parts recommendation document including make, model and number of components.  Responsible – Consultant
· Operation and Maintenance

· Prepare 2-year operations and maintenance plan.  Responsible – Mn/DOT and Consultant
· Operate and maintain the systems for 2 years through the installation contactor.  Responsible – Mn/DOT and Consultant
· Evaluation and Recommendations 
· Develop a detailed costs report for the procurement, installation and operation of the systems.  Responsible – Consultant
· Document all maintenance logs for the duration of the project.  Responsible – Consultant
· Document the ability of the systems to meet the System Requirements.  Responsible – Consultant
· Prepare an evaluation report for each system deployed.  Responsible – Consultant
· Prepare a recommendations document.  Responsible – Mn/DOT and Consultant
6.2 Lines of Communication:
· Email

· Project Meetings

· Meeting Minutes

· Project Deliverables

6.3 High-Level Requirements (These items will be further specified in the System Requirements task).

This listing of requirements is intended to establish a base line for the project to build on in the next phase of the project, provide a linkage between Concept of Operations and development of Systems Requirements, and establish a common understanding among the project participants of the high level system requirements. 
6.3.1  Detection    
6.3.1.1  Major Roadway – The systems will use detection devices to sense the presence and/or speed of vehicles approaching the intersection 
6.3.1.2  Minor Roadway – The system will use detection devices to sense the presence of vehicles at and/or approaching the intersection. 
6.3.1.3  Placement – The actual active detection portion of the systems can either be placed on an existing roadside sign structure or a new sign structure.  
6.3.1.4  Communication – Detector devices shall communicate to the system controller.
6.3.2  Signage/Warning

6.3.2.1  Major Roadway – A sign and/or warning will be used at or in advance of the intersection to warn of  the presence of minor roadway vehicles. 
6.3.2.2  Minor Roadway – A sign will be used at the intersection to warn of approaching major roadway vehicles.

6.3.2.3  Message

6.3.2.3.1  The signs will have a dynamic component to assist in communicating the warning.    
6.3.2.3.2  The timing and duration of the warnings may be based on vehicle speeds and/or distance from the intersection.
6.3.3  Components   
6.3.3.1  The components of the system shall be COTS products which are field proven devices used in other roadside applications. 
6.3.3.2  The system components shall be combined into a functional system to provide active warning notification.  
6.3.4  Power:   The power for the systems may be AC or solar/battery or a combination of the two. 
6.3.5  Communications:   If communication is needed, communications between the nodes of the system and with the system maintainer may be wireless or hardwired.  If wireless is used, it shall be via a secure wireless link.
6.3.6  Performance:  The system shall perform with minimal failure.  Acceptable failure rate to be established in System Requirements.
6.3.7  Data  
6.3.7.1  Data Type – Data collected by the systems shall include time of detection, speed at the time of detection, and time and duration of warning. 
6.3.7.2  Data Storage – The System Requirements shall determine how long data should be stored and how it should be reported.6.3.7.3  Data Reliability – The data collected by the system shall be accurate to levels established in the System Requirements.
6.3.8 Fault Notification:  The systems should have self-awareness to be able to report operational failure.

6.3.9 Installation:  The designed systems shall be assembled and installed by aninstallation contractor as required in the design and bid documents. The Consultant team will coordinate the installation and install the system components.  The Mn/DOT and Otter Tail County will provide permits as required.


















�This section was kept in the document to provide early project decision information in one place.
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