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Abstract 
Object detection and recognition on hardware platforms play a very significant role in developing driver assistance 

systems (DAS) with limited computational resources. Object detection for DAS is a multi-class detection problem that 

involves detecting various objects like cars, auto, traffic lights, bicycles, pedestrians, traffic signs, etc. DAS also requires 

accuracy, speed, and sensitivity for detecting these objects in various challenging conditions. The lighting and weather 

conditions pose serious challenges for an accurate object detection for DAS.  

The thesis proposes three separate architectures for Traffic Sign Recognition (TSR), Traffic Sign Detection(TSD), and 

on-road object detection in rainy conditions. The proposed TSR network is based on Convolutional Neural 

Network(CNN) and uses spatial and color transformation networks to improve the accuracy of recognition in various 

illumination conditions. The thesis also proposes a speed-efficient and lightweight fully CNN architecture for traffic 

signs and other on-road object detection in rainy conditions. The proposed architecture uses a CNN-based de-raining 

network with a custom SSIM loss function in the object detection pipeline which can give accurate performance in 

limited computational and memory resources. The object detection architecture contains some modifications to existing 

SSD architecture to make it more hardware efficient and improve accuracy on small objects. The architecture uses feature 

fusion and dilated convolution approach to enhance the accuracy of the proposed architecture on small objects. The 

datasets available for object detection in DAS are very imbalanced so the class weight penalization technique is used to 

improve the performance of the architecture on scarcely present objects. The performance of the architecture is evaluated 

on three well-known datasets Kitti, Udacity, and Indian Driving Dataset for on-road objects and German Traffic Sign 

Detection Benchmark (GTSDB) and Tsinghua-Tencent 100k dataset for TFD. The architecture achieves satisfactory 

performance in terms of Mean Average Precision (mAP) and detection time on all these datasets compared to existing 

datasets. The TFD architecture only requires 11 MB for storage which is almost ten times better than previous 

architectures. The TFD architecture has one-sixth parameters of the best performing architecture and fifty times fewer 

floating-point operations per second compared to other similar implementations. The on-road object detection 

architecture requires three times fewer hardware resources compared to existing architectures.  

This Ph.D. thesis would be helpful in integration of object detection architectures with intelligent transportation systems 

for Indian road scenarios because of its lightweight architecture and efficient performance. 
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