
INTRODUCTION

• Roadway incidents are a major source of non-recurring 

congestion in freeway systems. 

• Transportation agencies implement traffic incident 

management systems to reduce the impacts of crashes.

• This project proposes a machine-learning approach to improve 

the spatial resolution of predicted crashes’ locations on a 

roadway system during short intervals.

• This information will allow transportation agencies to 

proactively allocate their resources in anticipation of roadway 

crashes. 

• In this project, Random Forest method is used to predict 

crashes on a 4.9-mile segment of Interstate 270 Northbound in 

St. Louis, Missouri.

• Incident logs recorded by traffic management center and 

traffic data collected by microwave radars during two-year 

period from January 2015 to January 2017 were used to train 

and evaluate the models. 

CASE STUDY AND DATA

• 4.91-mile segment of Interstate 270-N (I-270) in St. Louis, 

Missouri, United States.

• The segment is on the northbound direction.

• Incident logs recorded by traffic management center and 

traffic data collected by microwave sensors were used to 

develop the models.

• Observations from January 2015 to December 2016 were used 

to train and evaluate models.

• Total of 243 crashes were reported on this section during the 

study period and 2000 no crash instances is used with the 

mentioned 243. 

• crashes were categorized as minor crash, crash, multiple 

vehicle crash.

• Traffic flow rate, speed, and occupancy were used as predictor 

variables for each section.

• The segment is chosen because it witnessed more crashes than 

any other locations on the I-270 NB.

THE MODEL

• Prediction model was developed to predict the location of crashes on the 4.91-mile section of I-270 North bound during 5-

min prediction intervals.

• Dataset was split into two parts, 70% of the dataset was used to train and validate the model, the remaining 30% of the 

dataset was used to test the model ability to make predictions.

• The 70% of the dataset was then split again into two parts,  70% of the data were used for training and 30% of the dataset 

was used to validate the model.

• Accuracy, Sensitivity, F1-score and MCC (Matthews correlation coefficient) were used to evaluate the developed models.

Performance measures:

Machine-learning Method 

Random Forest 

The case study segment on I-270 Northbound

CONCLUSIONS AND FUTURE WORK:

• The proposed approach in this project was used to develop crashes prediction models for 

4.91 miles segment of Interstate 270 in St. Louis, Missouri. 

• The developed Models will help the transportation agencies to proactively allocate their 

resources in anticipation of roadway crashes.

• Random Forest - A Machine Learning Method that build in ArcGIS Pro were used to 

develop the prediction models.

• Traffic flow rate, speed, and occupancy in each lane were used as predictor variables for 

each section.

• The Accuracy for the predicted model was about 80% and the sensitivity to predict crash 

location was about 60%.

• Overall, the performance of the Random Forest model in estimating the location of traffic 

crash was satisfactory and outperformed the performance measures reported for crash 

prediction in the literature table.

• The segment length might be reduced to be more efficient in allocating the crashes.

• The model that deals with more than one segment is more efficient and saves time and cost.

• Using more predictive variables like weather.  
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OBJECTIVE .

The objectives of this project are twofold:

1- Develop real time Machine Learning models to predict 

location of crashes on freeway section.

2- Develop models that take into account overall freeway 

network conditions

in predicting crashes for each roadway segment.

Explanatory and Response variables:

The model is using traffic volume, occupancy and average speed at the four locations (A,B,C, and D) to predict crashes 

before they happen in any location within the 4.9-mile segment.

Why this segment?

Results

Confusion Matrix of Validation Dataset

Variable importance:

Predicted

No-crash Crash

T
ru

th No-crash 748 152

Crash 29 40

- The figure below shows the studied segment.

- The segment is chosen because it witnessed more crashes than the other parts of I-270 during 2015 and 2016.

- Locations A, B, C, and D are the sensors at which the traffic data was collected. 

• Sensitivity of prediction =
𝑡𝑟𝑢𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒

𝑡𝑟𝑢𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒+𝑓𝑎𝑙𝑠𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒

• Accuracy of prediction= 
𝑡𝑟𝑢𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒+𝑡𝑟𝑢𝑒 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒

𝑡𝑟𝑢𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒+𝑓𝑎𝑙𝑠𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒+𝑡𝑟𝑢𝑒 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒+𝑓𝑎𝑙𝑠𝑒 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒

• For example, this model is able to predict 81% of the crashes correctly, thus the accuracy of crashes being detected is 81%.

Category Sensitivity% Accuracy% 

No-crash 83 81

Crash 58 81

Testing Dataset Evaluation

Predicted

No-crash crash

T
ru

th No-crash 517 111

crash 19 31

Source: Elements of 

Statistical Learning
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