
2022 ITS Washington 

Annual Conference

Trajectory Based Signal Performance Measures:
What are they? 
And how can they help agencies improve performance and 
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Our Mission: Enabling Intelligent Mobility
Providing Mission Critical Software for Mobility Intelligence
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Mobility-Intelligence Platform Software-As-A-Service

Transforming location-based data… …into mission-critical solutions
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CONGESTION SAFETYPOLLUTION

10% of the travel time of an 

average trip is typically spent 

waiting at traffic signals*

More than 28 Million 
metric tons of CO2 are emitted 

into the atmosphere each year 

due to signal delay*

About 3,300 people lose 

their lives each year at 

signalized intersections**

*Source: INRIX U.S. Signals Scorecard, April 2022 update

**Source: Federal Highway Administration, About intersection safety

Intelligent Mobility Starts at the Intersection
Signal timing impacts everything from urban congestion to air pollution to safety

https://inrix.com/signals-scorecard/
https://safety.fhwa.dot.gov/intersection/about/
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The Push for Carbon Reduction/Net Zero

• Federal Carbon Reduction Program ($6.5B over 5 years; WA-

$21.1M/year)

• New Fuel Sources (water, wind, solar, etc.)

• Zero Emission Vehicles…

BUT

• Can the Grid/Infrastructure Handle Expanded EV Fleet?

• Per new ATRI study:

• “…an all-electric U.S. vehicle fleet would use more than 40 

percent.” of country’s present electricity generation

• “…electrification of the U.S. vehicle fleet would require 6.3 

to 34.9 years of current global production.” of battery 

materials.

How do we get there?

ATRI Study Link: https://truckingresearch.org/2022/12/06/charging-infrastructure-challenges-for-the-u-s-electric-vehicle-fleet/

“Less than 1% of the 250 million 

cars, SUVs and light-duty trucks on 

the road in the United States are 

electric.”, Reuters, 2/7/22
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Typical Sources of Emissions

• Greenhouse Gas Emissions by 

Transportation Sector

• 40% Cars

• 34% Trucks

• 11% Air

• 11% Marine

• 4% Railways
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Source: https://www.visualcapitalist.com/comparing-the-carbon-footprint-of-transportation-options/

Source: 

https://transportgeography.org/contents/chapter4/transportation-

and-environment/greenhouse-gas-emissions-transportation/
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Signal Timing: How big is this opportunity?
National Contribution to Congestion (2004)
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• 2004 - FHWA has produced the composite 

estimate of congestion by source based on 

modeled data

• Estimated 5% of all congestion is a result of 

poor signal timing

Source: https://ops.fhwa.dot.gov/congestion_report/congestion_report_05.pdf
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How big is this opportunity? (Revisited)
Transportation Disruption and Disaster Statistics (TDADS)
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• 2019 – CATT Lab and I-95 Corridor Coalition 

are revisiting the Congestion Pie Chart using 

measured Data

• Measurements revealed the cause of 

congestion as a result of signalized 

intersections may have been understated.

• Based on National Highway System

• Potentially 350 million vehicle hours of delay 

due to traffic signals

Source: CATT LAB TDAS
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Pierce County, WA Example
NHS Roadways Only
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The Washington State Opportunity/Cost of Not Doing Anything…
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Improve Signals by 1 Second Degrade Signals by 1 Second

Assumptions: 5,573 signals with avg. ADT = 20,000

Net Annual Change
(between the two options)

• Hours Saved: 16M Hours

• CO2 Saved: 56K Tons

• Gas Saved: 5.6M Barrels

• CO Saved: 66M tons

INRIX Green Calculator: https://inrix.com/green-calculator/



Traffic Signals Use Case: Benefits of Good Signal Timing
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• Signal optimization is one of best ways to improve 

safety.

• >10% reduction crash for front end 

• >50% reduction of rear-end 

• 18% reduction in vehicle-to-pedestrian crashes

Slide Source: “Improving the State of Practice for all Signals” – presented at the 2022 

ITS CA Annual Meeting, Eric Raamot, Chief Technology Officer, Econolite
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Probe Based SPMs Advantages: Scalability & Cost Effectiveness
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Validation of using Probe Data for Signal Operations

• Crowd-source data is currently at 3-8% penetration rate.

• Offset optimization possible with even <1% penetration rate 

• “Detector-Free Signal Offset Optimization with Limited Connected Vehicle 

Market Penetration: Proof-of-Concept Study”, 2016 – Day, Bullock:

• “The results show that over a 3-h window, successful offline optimization can 

be achieved with a CV penetration rate as low as 1%. Layering multiple days 

of data might allow offline optimization with penetration rates as low as 

0.1%.”

• “In corridors with a high penetration rate of connected mobile devices, some 

private-sector probe data services may be on the cusp of providing the 

necessary data to facilitate detector-free optimization.”

• Crowd-source data can be normalized via existent detectors.
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Not an “either or” Solution



How Long Do We Have to Collect Data to Draw a Meaningful Conclusion?

King Co., WA: 2,261 Signals, average daily crossings/intersection = 294



INRIX Signal Analytics Calibration with ATSPMs

Trajectory POG vs. 

Controller/Sensor POG

Inbound Length

Outbound Length

Stop Speed

Stop Duration

Calibration Metrics Stop Speed Calibration

Trajectory Split Fail vs. 

Controller/Sensor Split Fail



Signal Analytics The Fundamentals

High Frequency Waypoint Data

The Data: 3 to 5 second frequency CV GPS points snapped to OSM using the INRIX trips engine

The Metrics: CV GPS points are used to determine the travel time of a vehicle moving through an 

intersection.

Other vehicle attributes include turning movement, vehicle stop, approach speed, or vehicle split failure

3 to 5 second frequency CV GPS points snapped to OSM using the INRIX trips engine

The Tools: Aggregate the metrics by intersection. Report summary metrics over various time periods
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Data Directly from Vehicles

High Frequency Waypoint Data

Connected Vehicle Data

Data collected from GPS devices built into the vehicle

High Frequency Waypoints

Waypoints collected every 3 to 5 seconds are used

No Infrastructure Required

No connection to detectors or the signal cabinet is 

required
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Developing the Metrics

NB
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Intersection, Approach and Movement Level Metrics

Travel Time

Approach Speed

Split Failures

Turn Ratios

Vehicle Counts

Control Delay

Stops / AOG Level of Service
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Arrival

Departure

Signal Performance Metrics
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Adaptive Systems & How 
Performance Measures Can Help

September 27, 2022

John R. Peñuelas, Jr., P.E. (NV)

Director of Engineering Services

Regional Transportation Commission of Southern Nevada

Use Case: RTCSNV,  Adaptive Signal 

System Evaluation



Weighted Vehicle Delay



INRIX Green Signals Calculator



Annualized “Green” Statistics

• 3,110 Vehicles Removed

• 24,315 Trees Added

• 465,711 Hours Saved

• 1,608 Tons of CO2e Removed

• 159,740 Gallons Saved

• $10.3 M Total Savings 

(Time/Fuel)

• 32 Days to Recover Cost of 

Project
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Use Case: City of Austin Summary Program Benefits
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Approximately 90 Days:

Avg Delay Improvement = 32%

# Vehicles 816k

Cost benefit ~$206k

Cost Benefit – 22 
Intersections
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Use Case– Washington County – Active Signal Management 
Leveraged Daily Emails to Investigate Recurring Issues
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Use Case– Washington County – Active Signal Management 
Leveraged Daily Emails to Investigate Recurring Issues
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Make cities more livable with better 

traffic flow, improved air quality, and 

safer intersections

Take proactive actions based on deep 

analysis and reliable performance 

trends 

Identify performance issues without 

ever leaving your desk 

Continuously monitor every movement 

in your network without investing in 

equipment 

Gary Carlin, Director Public Sector Services

Gary.carlin@inrix.com

inrix.com/signals/

Thank you! Questions.
I N R I X  S I G N A L  A N A L Y T I C S

mailto:Gary.carlin@inrix.com
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