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Project Description: 

The signalized arterial traffic network is a complicated, nonlinear, high-order dynamic system.  Its current state is defined by the locations and velocities (speed and heading angle) of all of its vehicles and the phases of all of its signals.  Moreover, for control purposes it is also valuable to have preview knowledge of impending changes in vehicle movements (e.g., turning, stopping at mid-block destinations) and signal phases.  Current traffic signal control systems have been constrained to make decisions based on extremely limited knowledge of the state of the network, essentially by detection of the presence of vehicles at a few discrete locations (within 10 m of the stop bar and, for some algorithms, at one mid-block location as well). 

Several forms of the fundamental diagram of traffic flow (traffic flow vs. density relationship) have been proposed and experimentally verified for freeways to describe the system state and be used for traffic control (typically, ramp metering). However, the understanding of traffic flow dynamics on networks controlled by traffic signals is still limited, which makes the development of system-wide control strategies difficult to develop and implement. 

There exists a significant gap between the theory – the well-developed control methodologies – and real-world practice in traffic control.  This gap comprises our technical rationale and elements of the gap include the fact that:  
• Existing models inadequately describe real-world traffic streams in a signalized road network, especially at near-capacity or oversaturated conditions;
• Computational complexity for optimization is too high to apply to a fair-size network, and 
• Control actions have until now are based on flow and occupancy observations at fixed and limited locations.  

This project provides the opportunity to make a major improvement to the operational efficiency of arterial traffic signal systems by basing their control on more complete knowledge of the state of the traffic network.  The benefits could lead to reductions in travel times and the frequency and duration of stops, reductions in pollutant emissions, CO2 and fuel consumption.  In addition the benefits provide for calming the collective psyche of drivers who are frustrated when they are compelled to stop at a red signal while there is no other traffic using the green time in the crossing direction at intersections.  The magnitude of the improvements will vary by location, depending on traffic patterns, size of traffic network and the degree of inefficiency under the current traffic signal control strategy.




Product Type:
Note: It is ok to check more than one item
	[bookmark: Check1]|X|  Specification
	|X|  Policy, Rule, or Regulation

	|_|  Materials

	|_|  Software

	|_|  Plans
	|_|  Tool

	|X|  Method or Algorithm

	|_|  Website


	|X|  Standard or Practice

	|_|  Instrument or Measurement System

	|X|  Model

	|_|  Database


	|_|  Process

	|_|  Equipment

	|_|  Training or Workshop

	|X|  Data Collections and Analysis


	|X|  Decision Support

	|_|  Asset Management

	|_|  Manual, Handbook, Guide or Training Materials
	|X|  Report


	|_|  Other
	
	
	



• The chosen measures of effectiveness (Policy)
• Candidate traffic signal control strategies for representative types of traffic networks (Standard, Rule)
• Probe vehicle sampling strategy trade-offs, including space and time intervals for aggregation (Specification)
• Results of probe vehicle sampling experiments on a test vehicle and bidirectional communication with the vehicle (Model)
• Results of simulation evaluation, comparing performance of alternative probe-based signal control strategies with conventional signal control under a variety of scenarios (Data Collection & Analysis)
• Documentation of the most promising probe-based signal control strategies, such that they can be tried by other researchers and practitioners (Algorithm)

In addition, the most promising probe-based signal control strategies will be implemented and demonstrated at the test intersection at the FHWA Turner Fairbanks Highway Research Center (TFHRC).  Moreover, the software will be provided for continued testing by TFHRC (Report and Software)






Implementation Champions (Must be District Director Level):

Name				Phone Number		E-mail

Greg Larson			(916) 657-4369		glarson@dot.ca.gov

Coco Briseno			(916) 654-8877		coco_briseno@dot.ca.gov



Identified User:
Note: It is ok to check more than one item
	|_|   Maintenance
	|_|  Project Management
	|_|  Finance

	|X|  Traffic Operations
	|_|  Right of Way & Land Surveys
	|_|  Administration

	|X|  DRISI
	|_|  Aeronautics
	|_|  Information Technology

	|_|  Equipment
	|_|  Local Assistance
	|_|  Audits and Investigations

	|_|  ADA Infrastructure 
	|_|  Mass Transportation
	|_|  Legal

	|_|  Construction
	|_|  Trans Lab
	|_|  Legislative Affairs

	|_|  Design
	|_|  Rail
	|_|  External/Public Affairs

	|_|  Engineering Services
	|_|  Transportation Planning
	|_|  Other

	|_|  Environmental 
	
	



Division of Research, Innovation and System Information (DRISI) is the customer for this project as it is an advanced research project.  Traffic Operations may end up using its findings in near future.











Challenges and opportunities:
Note: It is ok to check more than one item

	|X|  Funding and PY Resources
	|_|  Non-Competitive Bid (NCB) contract
	|X|  Commercialization

	|X|  Operations and Maintenance Cost
	|X|   Intellectual Property

	|_|  Training

	|_|   Budget Change Proposal (BCP) 
	|_|  Standards & Specifications
	|_|    Legal

	|_|  Feasibility Study Report (FSR)
	|_|  Business Plan
	|_|  Other

	|_|  IT Elements
	|_|  Marketing
	



Strategies for solving challenges and opportunities:

1.) Challenge/opportunity: 
Funding and PY Resources:  Turning a prototype to a product needs resources
Strategy: 

A prototype or a working model is not even close to something that can be deployed by the customer.  The prototype needs to go through a productizing phase.  At the end of productizing phase the prototype becomes a product that can be handed over to a customer for use.  The productizing phase can be accomplished in-house or by an external agent.  In any case both in-house and external agent will cost either PYs or PYEs respectively.  The project manager has to decide if the productizing phase can be accomplished in-house or by an external agent.  Once the decision is made the project manager will have to estimate what costs are associated with the productizing phase.  In my humble opinion, this project will cost roughly $300K to become a product.

2.) Challenge/opportunity: 
Commercialization:  
Strategy: 
An industrial partner is an absolute must for the results of this project to become a product.  While infrastructure development is the responsibility of the state, vehicle development will need an industrial partner to make the product complete.  BMW is our partner for this project.  They have invested roughly $255K in this project to develop the prototype.  The prototype works flawlessly and is very close to become a product.  BMW, however, has low patience and might cancel the product to be deployed if the state takes a long time to deploy the infrastructure.



3.) Challenge/opportunity: 
Operations and Maintenance Costs:  Initial high costs associated with Roadside Equipment (RSE) deployment
Strategy: 
Initial RSE deployment costs may be high that is if the state decides to take the full burden of deploying the RSEs.  If a public private partnership (PPP) agreement can be arranged with an investment partner then the initial costs could be brought down.  An invest partner might be interested in investment as the RSE-vehicle communication backbone can also be used for infotainment as well as advertisement.
4.) Challenge/opportunity: 
Intellectual Property (IP):  IP Belongs to State
Strategy: 
This is the biggest challenge that this project face.  Since IP belongs to the state, productizing may become impossible.  In order to productize all the technical details needs to be released to the cooperating industrial partner.  The incentive for the industrial partner is to generate profits for its share holders.  While the industrial partner is paid to develop the product, they see no further incentive in providing the service.  The right way to do is to make them a true partner where they invest funds in productizing the prototype and later produces a pre specified number of products for sale to the market.  The IP rules needs to be relaxed for the cooperating industrial partner.  Although BMW has proven to be a true cooperating partner for this project but the share holder patience is generally thin and if the product does not produce profits then BMW may cancel the product.  Reasons for delay are listed in challenge number 2.
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