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Research Summary 
Using Big Data and Machine Learning to 

Evaluate and Rank the Performance of Traffic 
Signals in Tennessee  

 

WHAT WAS THE RESEARCH NEED? 
Travel signal retiming is one of the most basic strategies 
to help mitigate congestion. However, the performance 
of traffic signals is costly to evaluate, and agencies often 
rely on citizens’ complaints and periodic schedules (e.g., 
every three years) to perform signal retiming. As a 
result, many traffic signals are not retimed in a timely 
manner when there is a change in traffic pattern. The 
objective of this project was to develop a low-cost 

database that ranks the traffic signals in Tennessee on a 
scale of 0 to 10. The ranking database provides 
performance evaluation of traffic signals and helps 
agencies prioritize traffic signal retiming. 

WHAT WERE THE RESEARCH OBJECTIVES? 
The research project had two primary objectives:  
1. Develop a ranking system that ranks the traffic lights 

in Tennessee based on their performance. 
2. Design a big data and machine learning based 

adaptive traffic light controller and verify its 
effectiveness via simulation.  

WHAT WAS THE RESEARCH APPROACH? 
In this work, segmented probe vehicle data from the 
Regional Integrated Transportation Information System 
(RITIS) website was used. First, intersections were 
extracted using the Travel Message Channel (TMC) 
segments. Three metrics were then selected based on the 
available data from the RITIS website, and a ranking 
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formula that incorporates these metrics as well as factors such as different time of the day and 
different days of the week was designed. In September 2021, traffic data was used to calculate 
the ranking of the intersections, and an online database was developed to display, browse, and 
query the traffic signal ranking information. K-means, an unsupervised machine learning 
approach, was utilized to divide the signals into 6 clusters, using which the weighting factors of 
the ranking formula were finetuned. The ranking formula results were compared with the Level-
of-Service (LOS) letter grade ranking provided by local transportation agencies, and it showed 
that the former results were mostly harsher. This work is the first step towards an automated 
evaluation system that can monitor the performance of traffic signals in real-time. 

WHAT WERE THE FINDINGS? 
The key findings based on this project are concluded as follows: 

• Among the 1655 Tennessee traffic signals in the database, 18.73% have excellent 
performance, 65.49% have good performance, and 15.78% are performing poorly.   

• Discussion with traffic engineers in City of Murfreesboro and City of Franklin indicated 
that urban traffic signals tend to be ranked lower than rural ones. 

• Local agencies do not have a systematic way to evaluate traffic signal performance. Local 
agencies still rely on LOS letter grades and sometimes outdated traffic data to evaluate 
traffic signal performance. The LOS letter grades are solely determined by the average 
control delay, which are often hard to obtain.  

• Machine Learning could be very useful in evaluating traffic signal performance. In this 
project, unsupervised learning was used to automatically group intersections into 
clusters. The machine learning results not only provide another way to evaluate the 
performance, but also help us fine tune the weighting factors in the ranking formula. 

IMPLEMENTATION AT TDOT 
The research team makes the following recommendations to TDOT:  

• More outreach should be conducted with local transportation agencies to make them 
aware of the ranking database. 

• To expand the database and create opportunities for additional intersections to be 
ranked, TDOT should work with RITIS/INRIX to include more side roads in TMC/eXtreme 
Definition segments.  

• Safety should be included in the ranking calculation.  
• Need to monitor traffic signal performance in real-time. The current signal ranking results 

were calculated using historical traffic data in September 2021. It would be much more 
useful if the real-time score can be calculated and displayed online.  

MORE INFORMATION 
Find the final report here: https://www.tn.gov/content/dam/tn/tdot/long-range-

planning/research/final-reports/res2021-final-reports/RES2021-09_Final_Report_Approved.pdf. 

https://www.tn.gov/content/dam/tn/tdot/long-range-planning/research/final-reports/res2021-final-reports/RES2021-09_Final_Report_Approved.pdf
https://www.tn.gov/content/dam/tn/tdot/long-range-planning/research/final-reports/res2021-final-reports/RES2021-09_Final_Report_Approved.pdf
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