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Key Initiatives
� Transportation Pooled Fund Studies:

• TPF-5(258):Traffic Signal Systems 

Operations and Management 

• TPF-5(1453): Enhanced Traffic Signal 

Performance Measures

�NCHRP 03-122: Performance-Based 

Management of Traffic Signals 

� Every Day Counts 4 Initiative



• 1,200 municipal 

signal owners

• 14,000 signals in 

Pennsylvania 

• 75% own less 

than 10 signals 

• 80%+ maintained 

by contractors 

• 10,500 (77%) on 

state highways 



Traffic Signal Operations Approach

Goals:

• Reducing delay, emissions, and fuel consumption
• Reducing crashes and fatalities
• Focus impacts on the economy and job creation
• Standardizing traffic signal equipment
• Establishing regional and multi-jurisdictional collaboration



Standardization
Asset 

Management
Performance 
Management

Maintenance 
and Operations

Traffic Signal Roadmap

Technology and 
Innovation

Sustainability 
and Funding

Research and 
Training

Project Planning

• Pub. 191 (1 Signal Publication)

• Product Approvals 

• E-Permitting System

• Signal Permit Plans

• Asset Inventory

• Maintenance Records

• Municipal Budgeting

• Grants

• Ownership

• Systematic Statewide 

Improvements

• Communications

• Command & Control

• Signal Mgmt. Plan

• Maintenance Strategies

• HSTOD Training 

Committee

• Identify Needs/Gaps

• Adaptive Signals

• Communication & DSRC 

Deployments

• CAV Applications 

• EDC-4 High Resolution Data

• Arterial Probe Performance 

Metrics

• Pooled Fund Study (TPF-1453)

• Life Cycle Evaluation

• Project Planning



Performance Management

• Initial Deployment in Philadelphia Region (5 Counties)

• 138-Super-Critical Corridors 

• 2,184 Traffic Signals

• 776 Arterial Miles of INRIX data

• Future Statewide Deployment

Intersection Level Metrics

(High Resolution Metrics)
• Statewide Approach

• Utilizing the Utah Open Source Code

• Establish as Updates Occur

• Implement where controller and 

communications are available

• Future statewide Command and 

Control Software Platform

• Continue to Work to Identify Relationships and Use-Cases 

between Corridor and Intersection Metrics and the Variety of 

Data Sources

• Clarify when and where each of the Metrics should be used

Probe Data
Arterial Travel Time Comparison 

Tool
•Before/After Analysis and corridor 

reliability utilizing Cumulative 
Frequency Diagrams (CFDs)

Arterial Ranking
•Ranking by median travel time and 

interquartile range (IQR) 
identifying delay, reliability, and 
variability

Arterial Congestion Ticker
•Speed profiles of arterial routes

Corridor Level Metrics

Traffic

Signal



Pennsylvania is an All-In State

• INRIX is the Selected Data Vendor

• Real-Time Data and Achieved Data since 2011

• Data used in 511PA 

• Statewide Travel Times when appropriate

• 7 validations completed in PA through I-95 VPP and 

have generally performed significantly better than 

contract  (AASE < 5 mph, Speed Bias < 3 mph)Coverage Area

•25,000 TMC Segments; 16,600 Miles

•112,000 XD Segments; 23,200 Miles 

(20,200 Arterials)



Probe Vehicle Data History

Data Point

Data Point

Data Point

Data Point

Data Point

Data Point

Data Point
Archived Data Provides 

Game Changing 

Opportunities for Agencies



Figures provided by   INRIX

• Reflects current traffic conditions

• Reported every minute

• Generally 3-5 minutes behind actual road conditions



Purpose: Develop, implement and evaluate commercial probe data licensed by 
Pennsylvania to produce arterial performance measures to evaluate user costs 
(signal retiming, maintenance, adaptive installation and benefit/cost activities), 
travel time reliability, variability, and corridor prioritization.

Focus Area:  

• 138 “Super-Critical” corridors (AADT greater than 25,000) 

• Five-county region of PennDOT District 6, including Bucks, Chester, Delaware, 

Montgomery, and Philadelphia counties 

• Total: 2,184 Signals on 766 miles of arterials

Research Project
TRB Annual Meeting 2017 Paper Number 17-00314

http://docs.trb.org/prp/17-00314.pdf



Travel Time Comparison Tool

Compares travel time 

distributions on a single 

corridor over different time 

periods

Arterial Ranking Tool

Ranks multiple corridors 

based on normalized 

median and interquartile 

travel times over the same 

time period

Congestion Ticker

Tracks speeds of corridors 

over time to identify time 

periods and locations of 

congestion

1

2

3



Travel Time Comparison Tool1

Cumulative Frequency Diagram (CFD)



Travel Time Comparison Tool1
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Travel Time Comparison Tool1

Select a Corridor



Travel Time Comparison Tool1

Select Before and After Evaluation Dates



Travel Time Comparison Tool1

Select the Days and Hours of Evaluation



Travel Time Comparison Tool1



Arterial Ranking Tool2

Travel Time Normalization

Median travel time and speed limit travel time on Newtown Bypass (shown in black) 

and US-1 (shown in red) for the study period 12/5/2016 to 12/10/2016



Arterial Ranking Tool2

Travel Time Normalization Ranking



Arterial Ranking Tool2
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Arterial Ranking Tool2

Interquartile-Range (IQR) Normalization Ranking



Reliability vs Central Tendency

Arterial Ranking Tool2

Reliability vs Central Tendency

Interquartile-Range (IQR) Normalization RankingTravel Time Normalization Ranking



Arterial Ranking Tool2

Reliability vs Central Tendency (Philadelphia County)



Arterial Ranking Tool2

Select a County and Corridors



Arterial Ranking Tool2

Select a Time Frame, Days, and Hours of Evaluation



Arterial Ranking Tool2

Reliability vs Central Tendency



Arterial Ranking Tool2

Interquartile-Range (IQR) Normalization Ranking



Arterial Ranking Tool2

Case Study: US 1/State Rd/Township Line Rd/City Ave 



Congestion Ticker3



Congestion Ticker3 Congestion Ticker3



Congestion Ticker3 Benefit Evaluation4

Case Study: US 1/State Rd/Township Line Rd/City Ave 

Over $30M annualized user benefits

10K tons of CO2 savings



Congestion Ticker3Real-World Evaluations

List of Use Applications



Congestion Ticker3Real-World Evaluations

Incident Impacts



Developing the Dashboards

SQL Database

Backend
Frontend

PennDOT Shapefile

INRIX Shapefile
Speed Data

Congestion Ticker3 How it Works?
Overview



Congestion Ticker3 Next Steps

• Statewide Deployment (11 additional regions)

• Further refining of filters and corridor identifiers (i.e. by counties, 

municipality, identification #, etc…)

• Subdividing Corridors and possible user-defined corridor selection

• Integration with Real-Time Event Data (PennDOT’s RCRS) 

• Executive dashboard and Automated Reports (performance at-a-

glance)

• Export data directly into Benefits worksheet

• Linear diagram showing relation of travel time to length and signal 

locations

• Integration with high-resolution signal controller event data

• Further refine Real-Time metrics and Operator flags

• Additional Metrics as identified

Phase 2 Research Efforts



Questions
www.dot.state.pa.us/signals


