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Application 1 (Safety): MUTCD Curve Sign 
Compliance Design & Checking Using Low-cost 
Mobile Devices and AI



Background - Roadway Departure Fatalities  



Roadway Departure - Horizontal Curve Safety 
in the US 

Horizontal curves play a critical role in roadway safety by providing a smooth 
transition between tangent sections
A disproportionally high number of fatalities occur at horizontal curves (25%)
although curves only represent a fraction of the roadway network (5%).

*FHWA. RDs and Curves, 2005-2008.In, FHWA Office of Safety, 2010
Video Source: FHWA

Annual fatalities in the US: 

37,206 
Annual curve fatalities in the US: 

8,767 [2]
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Ball Bank Indicator (BBI) for Determining 
Adequate Advisory Speed Computation 





Tsai, Y., Yu, P., Liu, T., Steele, A. (2021) “An Enhanced Network-level Curve Safety Assessment and 
Monitoring Using Mobile Devices”, National Academy of Science NCHRP Innovation Deserving 
Exploratory Analysis (IDEA)-214, Final Report



Posted Speed Limit

BBI, Speed, 
Curve Geometry

Collect GPS and IMU data from 
smartphone to extract curve 
geometry and advisory speed data

A  Timely, Low Cost, and Scalable way to analyze curve warning sign compliance
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A  Timely, Low Cost, and Scalable way to analyze curve warning sign compliance



Targeted Curve Safety Assessment to Save Time 
and Money for Proactive Safety Improvement





To do next
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Application 2 (Infrastructure): Automated 
Pavement Condition Evaluation Using 3D Laser 
Technology and AI



Salameh, R., and Tsai, Y. Adoption of 3D Laser Imaging Systems for Automated Pavement 
Condition Assessment in the United States: Challenges and Opportunities. In Airfield and 
Highway Pavements 2021 (pp. 219-230).



High-resolution 3D Laser Technology
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a. Texture (IRI; MPD; RVD)

b. Cracks d. Rutting

Transportation Research Record

4.Tsai, Y., Chatterjee*, A, (2017) Pothole 
Journal of Computing in Civil Engineering, 32(2), 04017078
5.Tsai, Y., Li* Pavement Cracks under Different Lighting and Low Intensity Contrast Conditions Using

656
6. Tsai, Y., Wu, Y., Lai, J., Geary, G. (2012) Characterizing Micro-milled Pavement Textures Using RVD for Super-thin Resurfacing
on I-95 Using A Road Profiler, Journal of The Transportation Research Record, No.2306, pp.144-150.

Concrete Joint Faulting Using 3D Continuous Pavement
-1296.

Rutting Condition Assessment Using Emerging 3D Line-Laser Imaging and GPS/GIS

c. Joint/crack faulting;
potholes

e. Raveling



Raveling Survey Practices



Automatic Raveling Detection and Classification Using 
Machine Learning





Ten Distress Types (Asphalt Pavements)

The Florida Department of Transportation (FDOT) has spent more than 
$1.2 billion dollars annually on only pavement resurfacing.



30



Asphalt Pavement Load Cracking



Asphalt Pavement Block Cracking



Automated Crack DetectionAutomated Data Acquisition
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Classification Object Detection
Segmentation 
(pixel level)Input

34
Hsieh, Y., Tsai, Y. (2020) “Machine Learning for Crack Detection: review and model performance 
comparison”, ASCE Journal of Computing in Civil Engineering, 34 (5), 04020038.



Load Cracking Classification Results 
(Severity Level 1-2)

*Measurement Unit: Foot



Load Cracking Classification Results 
(Severity Level 3-4)

*Measurement Unit: Foot
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Pavement Condition (COPACES) on Georgia’s Interstate 
Highways



Successful Implementation of Automatic Sign and Pavement 
Condition Evaluation on Georgia’s Interstate Highways
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WWDC Data Collection:

Data Pre-Processing – Items 

ArcGIS Pro/KMZ

GPS Video

Excel Summary of Sign Log

QAQC data collection
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KMZ Sample

GPS Video Sample 
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ASSETS – PAVEMENTS AND SIDEWALKS



ASSETS – CURB & GUTTER



ASSETS – SIGNS & PAVEMENT MARKINGS



Sign Condition Evaluation - LiDAR







Proposed Implementation

Detect

Segment

Condition 











Training Data Generation

Data Alignment

Sign condition –
good, fair, poor



Training Data Generation

Data Alignment

Sign condition –
good, fair, poor



Training Data Generation

Data Alignment

Sign condition –
good, fair, poor



Training Data Generation

Bounding Boxes Segmentation

LiDAR Reflectivity
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Test Run
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Upcoming events for you
May 22

TRB Webinar: Equity in Artificial 
Intelligence Applications 

July 8

TRB's National Conference on 
Transportation Asset Management 

https://www.nationalacademies.org/trb/
events



Subscribe to TRB Weekly

Each Tuesday, we announce the latest:
RFPs
TRB's many industry-focused webinars 
and events
3-5 new TRB reports each week
Top research across the industry

If your agency, university, or 
organization perform transportation 
research, you and your colleagues need 
the TRB Weekly newsletter in your 
inboxes!

Spread the word and subscribe!
https://bit.ly/ResubscribeTRBWeekly



Discover new 
TRB Webinars weekly

Set your preferred topics to get the latest 
listed webinars and those coming up soon 
every Wednesday, curated especially for 
you!

https://mailchi.mp/nas.edu/trbwebinars

And follow #TRBwebinar on social media



Get involved 

Become a Friend of a Standing Technical 
Committee 

Network and pursue a path to Standing Committee 
membership

Work with a CRP 

Listen to our podcast

https://www.nationalacademies.org/podcasts/trb

https://www.nationalacademies.org/trb/get-involved



We want to hear from you


