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Automated Real-Time 
Weather Detection 
Systems Using Artificial 
Intelligence

the ISSUE
Adverse weather has long been recognized as one of the major causes of motor vehicle crashes due to 
its negative impact on visibility and road surface. Providing drivers with real-time weather information 
is therefore extremely important to ensure safe driving. However, identification of road weather and 
surface conditions is a challenging task because it requires the deployment of expensive weather 
stations and often needs manual identification and/or verification. 

the RESEARCH
The primary objective of this research was to develop cost-effective systems capable of providing 
accurate weather and surface conditions in real time. First, a trajectory-level weather detection system 
was developed using a single video camera mounted on a vehicle dashboard. Two texture-based 
features, histogram of oriented gradient (HOG) and local binary pattern (LBP), were extracted from 
images and used as classification parameters to train weather detection models using several machine 
learning classifiers, such as gradient boosting (GB), random forest (RF), and support vector machine 
(SVM). In addition, a unique multilevel model, based on a hierarchical structure, was also proposed to 
increase detection accuracy. 
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the FINDINGS
The project has produced highly accurate AI algorithms for weather 
identification using Wyoming Department of Transportation 
(WYDOT) IP cams. The developed detection models are focused 
on three weather conditions: clear, light snow, and heavy snow, and 
three surface conditions: dry, snowy, wet/slushy.

Evaluation results revealed that the multilevel model provided an 
overall accuracy of 89.2%, which is 3.2%, 7.5%, and 7.9% higher 
compared with the SVM, RF, and GB models, respectively, using the 
HOG features. Considering the LBP features, the multilevel model 
also produced the best performance with an overall accuracy of 
91%, which is 1.6%, 8.6%, and 9% higher compared with the SVM, RF, 
and GB models, respectively. 

Several pretrained convolutional neural network (CNN) models, 
including AlexNet, GoogLeNet, and ResNet18, were applied with 
proper modification via transfer learning to achieve the classification 
tasks. The best performance was achieved using ResNet18 
architecture with an unprecedented overall detection accuracy of 
97% for weather detection and 99% for surface condition detection.

the IMPACT
Improved AI and Machine Vision Techniques and application in 
transportation engineering. Advancement of weather detection to 
improve safety and operations during adverse weather conditions.

For more information on this project, download the Main report at 
https://www.ugpti.org/resources/reports/details.php?id=1263
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