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Objectives 

• Estimate Travel Time in order to measure: 

– Overall congestion in an urban area 

– Trend in congestion in an urban area 

– Identify congestion “hotspots” in an urban area 

– Measure level of congestion at hotspots 

Secondary Objective 

-Investigate if there are better and cheaper  
alternatives to obtaining travel time 
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Overview of Image Analysis Technique 

• Capture Historical Traffic Map images for one 
month period using Google Maps 

•  Formulate an image analysis technique that 
transforms images into binary matrix form 

• Conduct analysis on resulting matrices to 
identify most congested locations  

•  Quantify congestion intensity, frequency, and 
duration using newly formulated congestion 
indices 

 



Bluetooth Devices on Airline Highway 



Sample Output from Bluetooth Devices 



INRIX Data 



Cost of INRIX Data 

• $ 400/mile per year for Arterial 

• $ 800/mile per year for Freeway 

• Historical Data Price Negotiable 

• $ 800 for 7.1 miles for 9 month historical data 



Sample INRIX Data  



Congestion Indices (CI) 

• Planning Time Index 

• Travel Time Index 

• Travel Delay 

• Trend in Travel Time 



Congestion Indices Computation 

• Acquire traffic volume data 

• Estimate hourly traffic volume 

• Combine road segments for traffic volume and 
speed 

• Establish free flow travel time and speed 

• Compute congestion performance measures 



Traffic Count Data 

• Locations 

• Date and Duration 

• Transformation to hourly volumes 

• Using Bluetooth match counts  



Traffic Count Locations 



Traffic Volume Data 

Section ADT (Average Daily Traffic in 

Vehicles Per Day ) 

E. Industrial Avenue to Tom Drive 47040 

Tom Drive to Florline Blvd 40773 

Florline Blvd to Goodwood Blvd 51842 

Goodwood Blvd to Old Hammond 61950 

Old Hammond to Coursey Blvd 63223 

Coursey Blvd to Siegen 48510 

Siegen to Pecue 39012 



Estimation of Hourly Volume 
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Estimation of Hourly Volume 
Correlation Analysis 

Section ADT Average Paired 

Match Counts 

E. Industrial Avenue 47040 2372 

Florine to Goodwood 51842 2275 

Goodwood to 

Coursey 

61950 3172 

Coursey to Siegen 48510 2186 

Siegen to Pecue 39012 1957 

Correlation 

Coeffecient 

0.93   



Data Used in CI Computation 

• Travel time and speed data collected from the 
study corridor using Bluetooth 

• Data used was collected between May 18th to 
November 30th of 2014 

• Time frame used for free-flow speed computation 
was between 10 pm and 5 am 

• Peak period assumed to occur between 10 am 
and 6 pm 

• Traffic Volume was assumed to be uniform 
throughout a section 



CI-Travel Delay 

• 𝐷𝑎𝑖𝑙𝑦 𝑉𝑒ℎ𝑖𝑐𝑙𝑒−𝐻𝑜𝑢𝑟𝑠 𝑜𝑓 𝐷𝑒𝑙𝑎𝑦 =

         
𝐷𝑎𝑖𝑙𝑦 𝑉𝑒ℎ𝑖𝑐𝑙𝑒−𝑀𝑖𝑙𝑒𝑠 𝑜𝑓 𝑇𝑟𝑎𝑣𝑒𝑙

 𝑆𝑝𝑒𝑒𝑑 𝑖𝑛 𝑚𝑝ℎ
−
𝐷𝑎𝑖𝑙𝑦 𝑉𝑒ℎ𝑖𝑐𝑙𝑒−𝑀𝑖𝑙𝑒𝑠 𝑜𝑓 𝑇𝑟𝑎𝑣𝑒𝑙

𝐹𝑟𝑒𝑒−𝐹𝑙𝑜𝑤 𝑆𝑝𝑒𝑒𝑑 𝑖𝑛 𝑚𝑝ℎ
 

• Direction displaying lowest speed was used in the 
computation of peak period and free-flow speed 

• Delay represents both recurring and incidents related delay 

• Delay was computed for each  week for time period between 
10 am and 6 pm. 



CI-Travel Delay 
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CI-Travel Delay 

Segment 

Direction(North 

Bound/South 

Bound) 

Average Weekly 

Delay Vehicle-

Hours 

Rank(Worst to 

Best) 

Industrial Ave 

and Tom Dr 
South Bound 381.3 3 

Tom Dr and 

Florine 
South Bound 193.4 7 

Florine and 

Goodwood Blvd 
South Bound  304.46 5 

Goodwood and 

Old Hammond 
South Bound 1009.3 1 

Old Hammond 

and Coursey 
South Bound 234.63 6 

Coursey and 

Siegen 
South Bound 315.48 4 

Siegen and 

Pecue 
North Bound 479.94 2 



CI-Travel Time Index(TTI) 

• 𝑇𝑟𝑎𝑣𝑒𝑙 𝑇𝑖𝑚𝑒 𝐼𝑛𝑑𝑒𝑥= 
𝑃𝑒𝑎𝑘 𝑇𝑟𝑎𝑣𝑒𝑙 𝑇𝑖𝑚𝑒 (𝑚𝑖𝑛𝑢𝑡𝑒𝑠)

𝐹𝑟𝑒𝑒−𝐹𝑙𝑜𝑤 𝑇𝑟𝑎𝑣𝑒𝑙 𝑇𝑖𝑚𝑒 (𝑚𝑖𝑛𝑢𝑡𝑒𝑠)
 

 

• TTI is typically used to measure Congestion  Intesity 

 

• TTI includes both recurring and incident conditions 

 

• TTI can also be used to compare trips of different lengths 

 

 



CI-TTI 
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CI-Planning Time Index(PTI) 

• 𝑃𝑙𝑎𝑛𝑛𝑖𝑛𝑔 𝑇𝑖𝑚𝑒 𝐼𝑛𝑑𝑒𝑥= 
80𝑡ℎ 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑖𝑙𝑒 𝑇𝑟𝑎𝑣𝑒𝑙 𝑇𝑖𝑚𝑒 (𝑚𝑖𝑛𝑢𝑡𝑒𝑠)

𝐹𝑟𝑒𝑒−𝐹𝑙𝑜𝑤 𝑇𝑟𝑎𝑣𝑒𝑙 𝑇𝑖𝑚𝑒 (𝑚𝑖𝑛𝑢𝑡𝑒𝑠)
 

 

• PTI used to measure congestion reliability 
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Conclusions 

• A Bluetooth system is preferred over other 
methods to measure congestion at a location 

• A Bluetooth is easy to install and collect travel 
time data 

• Obtaining permission to attach or install 
Bluetooth system can be often time 
consuming and frustrating  

• Maintaining a Bluetooth can be problematic  



Conclusions 

• Historical travel time data  is cheap and easy 
to purchase but comes with certain 
disadvantages 

• A Bluetooth based travel time measurement is 
cheaper than buying it from a commercial 
vendor for long term measurement 



Recommendations 

• It is recommended that travel times be 
measured by Bluetooth Probe Detection 
Systems at individual locations or in short 
corridors where the number of instruments 
needed is not too large, and real-time data is 
needed over a longer period of time 



Recommendations 

• It is recommended that hourly paired match 
counts recorded by Bluetooth devices be used 
as a surrogate for deriving hourly traffic 
volume distribution when such data is 
available. This recommendation is based on 
the high correlation observed between ADT 
and paired match counts 
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