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Abstract 

Automated systems for transportation and pedestrian safe driving systems are important 

research themes for the field of transportation and traffic management. Our work utilizes 

computer vision and machine learning techniques to track objects in the traffic videos 

provided to us by DelDot. In addition, we have developed algorithms for vehicle axle 

detection. Our approach is based on counting the number of wheels of a vehicle to 

determine its axle count. We use a pre-trained network to detect vehicle in each frame 

and return the bounding boxes (x, y, height, width) around it.  We then use heuristics, and 

Hough transform algorithm to detect circular edges in the image regions to detect the 

wheels. 

 

 

 

 

 



 

 Introduction and Research Approach 

Vehicle detection technology is an important topic in computer vision; Sensors used 
include millimeter wave radar, laser radar, infrared rangefinder, ultrasonic radar, and 
camera. Most commonly used sensor device is camera due to its affordability, 
resolution and framerate. Computer vision algorithms then collect all the data from the 
sensors and analyze the data to perceive the surrounding environment dynamically. 
The analysis includes estimation of the surrounding geometry, motion, structure, 
position, measurement, classes of objects and information about each object that is 
segmented. Thus the surrounding scenes are estimated and recognized, containing 
other vehicles, pedestrians, obstacles. All this information assists a system to decide 
and make correct and accurate decisions. Needless to say, this process should be real-
time as the car is moving at its speed of typically 50-60 km/hr.        

Traditionally, computer vision systems use monocular [1,2], Binocular 3D [3,4], or a 
combination thereof [5]. Bertozzi et al. worked on a large-scale parallel architecture on 
vehicle detection systems in order to improve and obtain real-time performance [6]. 
Trivedi et al. [7] and Broggi et al. [8] developed a vehicle detection system that is able to 
detect surrounding vehicles to prevent collision. It is well known that recently there has 
been well-publicized pedestrian accidents due to failure in the autonomous driving 
systems. Driver is blamed in some of these incidents as the automated driving is 
supposed to be monitored by the driver and this did not happen in certain cases. Milan 
A. and Dehghan A. have studied the driver's alertness system [9,10] to analyze the 
pedestrian detection [11,12]. Some of the critical issues of vehicle-based detection and 
tracking algorithms include robustness of vision algorithms, as well as real-time 
performance issues. Angle of view and illumination changes severely affect the 
segmentation and detection. Shadows, weather conditions and invariance of the 
proposed features are some of the issues critical for the analysis algorithms that are 
utilizing sensors aboard a vehicle for self-driving. 

Findings 

Objective: Detect vehicle axle from input video and classify them based on the axle 

count using a computer vision and machine learning based method. 

Assumptions: Camera Reference plane is perpendicular to the vehicular movement. 

Field of view is narrow, and every vehicle moves in the same lane in the input video. 

Approach: Our approach is based on counting the number of wheels of a vehicle in 

order to determine its axle count. We first use a pre-trained neural network to detect 

vehicle in each frame and return the bounding boxes (x, y, height, width) around it.   

Yolo V2 was used for object detection purposes from the video stream. You only look 

once (YOLO) is a state-of-the-art, real-time object detection system. On a Pascal Titan X 

it processes images at 30 FPS and has a mAP of 57.9% on COCO test-dev. Yolo 



architecture applies a single neural network to the full image. This network divides the 

image into regions and predicts bounding boxes and probabilities for each region. These 

bounding boxes are weighted by the predicted probabilities. Images are cropped based 

on those bounding boxes to get individual object patch. Scaling is performed on the 

cropped images relative to a fixed width. Since we know that the wheels are always going 

to be at lower half of the image, the search area is reduced to half in order to apply circular 

Hough transform to find all the circles in it. We empirically find the best radius range for 

the Hough to give best results. Once we get all the possible circles, we use spatial 

constraints based on our knowledge of wheel positioning to remove false positives. 

Possible detected circles are then grouped based on their y coordinate, since we know 

that all the wheel centers would lie on the same y axis. Texture constraints were also 

applied to get more robust results. Vehicle is also tracked in multiple frames and the 

possible wheel count from all the frames till the vehicle is out of the view are considered. 

This helps us to deal with occlusion and to remove the possibility of duplicate wheel count. 

After the object moves out of the view, we predict the final axle count based on the mode 

of the number of wheels detected in each frame and assigned to the respective class. 

Preliminary results: 

Figure 1: Successful Cases 

 



 

 



 

 



Figure 2: Partial Failure Cases 

 



 

Figure 3: Complete Failure Case 

 

 

Conclusions and Suggested Research 

We presented an algorithm for vehicle tracking, specifically, axle detection from Deldot 
videos. Our results are good, however also contain some failure scenarios. Below are 
the reasons for the failure cases and need further analysis on our part, as well as 
examining more details of other existing literature [13, 14, 15]. 

 Data resolution is not high enough for algorithm to detect circles  

 Lighting changes 

 Image on the farther side from the camera is blurry. 

Future roadmap: 

 Collect new data with better resolution  

 Use thermal imagery at night time and check the results 

 Use deep learning end to end pipeline to detect wheels  

  



OBJECTIVE: 

To detect pedestrians and bike riders from road surveillance videos of Beaver Valley. 

 

APPROACH: 

We use a real-time object detection neural network called YOLOv2. This network divides the image into 

regions and predicts bounding boxes and probabilities for each region. These bounding boxes are 

weighted by the predicted probabilities. It looks at the whole image at test time, so its predictions are 

informed by global context in the image. The network architecture is shown below. 

 

 
 

 

 

Method: 

 

Input: Road surveillance videos of Beaver Valley 

Output: Trimmed road surveillance videos of Beaver Valley that have pedestrians and bike riders. 

 

Training: 

• The network is initially trained on the COCO object detection dataset and fined tuned on some 

annotated images of Beaver Valley for detecting pedestrians, bike riders and cars, with the following 

hyper parameters: batch size=64, subdivisions=8, width of input = 416, height of input=416, 

channels=3, momentum=0.9, decay=0.0005, learning rate=0.001, max batches = 120000. 

 

Testing: 

• Each video is decomposed into frames using the OpenCV image processing library. 

• Each frame is then given into the neural network. The neural network gives probabilities of the 

objects (pedestrians and bike riders) it is trying to detect. 

• If these probabilities are greater than a provided threshold then a bounding box is drawn around the 

detected object and only those images are saved ( Note : The original YOLO architecture is designed 

to train on one image at a time. Some modifications are made in the src/detector.c file to run YOLO 

on multiple frames of the same video sequence) 

• These images then are again converted into a video file using the OpenCV image processing library. 
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Appendices 

Implementation Plan (MANDATORY): 

In order to implement the system we presented, yolo needs to be downloaded, 
available at: (https://github.com/pjreddie/darknet/wiki/YOLO:-Real-Time-Object-
Detection). Further, Hough Transform that we used in our system is from Matlab. The 
entire code will be provided to DelDot by us. 
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