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Detection and classification of different types of vehicles is a difficult task, when vehicles are occluded 

behind other vehicles, because of the background conditions or due to weather conditions. The main aim of 

vehicle detection is to detect all types of vehicles that are present inside the image, so it can be useful in case 

of the prevention of accident and traffic analysis. Vehicle Detection and Classification becomes an important 

task in various applications such as for estimating queue length, analyze traffic speed, tracking individual 

vehicles, counting vehicles, traffic congestion, prevention of accidents. There are many deep learning 

algorithms implemented for the detection and classification of vehicles by different researchers. In this paper, 

various methods are presented which are used for vehicle detection and classification. It includes deep 

learning algorithms such as Convolutional Neural Network (CNN), Region-based Convolutional Neural 

Network (R-CNN), Fast RCNN, Faster RCNN, Mask R-CNN, and You Only Look Once (YOLO). 
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I. INTRODUCTION 

Vehicle detection and classification is an important 

task for many applications such as for tracking 

individual vehicles, counting vehicles, collection of 

tall tax, vehicle trajectory prediction, analyzing the 

traffic speed. Detection and classification of 

vehicles play a crucial role in the case of traffic 

monitoring and management. The main objective of 

vehicle detection and classification is to detect 

every type of vehicle that are presents inside 

images and classify detected vehicles into their 

types such as a car, bus, truck, auto, bicycle, and 

motorcycle. Detection of vehicles is one of the most 

challenging tasks when vehicles are occluded by 

other vehicles or due to lighting conditions[1]. It is 

difficult to detect vehicles in case of background 

obstacles, such as trees, road signals, weather 

conditions such as rain, snow[2]. 

 The goal of vehicle detection is to determine 

whether the vehicle is present inside the image or 

not and if the vehicle is present inside the image 

then return the spatial location and each vehicle 

instance. Generally, there are two main 

approaches available for Object Detection: Machine 

Learning-based approaches or Deep 

Learning-based approaches[3]. Machine Learning 

provides various techniques such as Viola-Jones 

object detection framework based on Haarfeatures, 

Scale-Invariant Feature Transform (SIFT), and 

Histogram of Oriented Gradients (HOG) to define 

the features and then use techniques such as 

Support Vector Machine (SVM) to classify detected 

ABSTRACT 

Available online at: http://www.ijmtst.com/vol6issue04.html  
 

International Journal for Modern Trends in Science and Technology 
ISSN: 2455-3778 :: Volume: 06, Issue No: 04, April 2020 

 

http://www.ijmtst.com/vol6issue04.html


 

 
269     International Journal for Modern Trends in Science and Technology 

 

 

Ruchi Patel, Dr. Udesang Jaliya and Dr. Narendra Patel, “Vehicle Detection and Classification Using Deep Learning: A 
Survey” 

objects into their types[3]. Convolutional Neural 

Network (CNN) is used to extract features using 

Deep Learning Approach. When training with a 

large amount of data, Deep Learning is popular due 

to better accuracy[4]. Performance of a Deep 

Learning approach is better rather than the 

methods used for feature extraction such as 

Histogram of Oriented Gradients (HOG), 

Scale-Invariant Feature Transform (SIFT), and 

Viola-Jones, the deep network will automatically 

learn different features from the train data[5].  

 There are many Deep Learning methods 

available to detect different types of vehicles and 

classify them into various categories of vehicles 

such as a car, bus, truck, auto, bicycle, and 

motorcycle. Various Deep Learning methods used 

for the purpose of vehicle detection and 

classification such as a Convolutional Neural 

Network (CNN) that has been a widely used method 

for object detection, Region-based Convolutional 

Neural Network (R-CNN), Fast RCNN, Faster 

RCNN, Mask RCNN, and YOLO. Fig. 1 shows 

sample images from the IITM-HetraDataset[6]. 

  

 

 
Fig. 1 Vehicles images from IITM-HetraDataset[6] 

 

 This paper provides a survey of various Object 

Detection methods for classifying vehicles. 

II. DETECTION AND CLASSIFICATION 

 Detection and Classification of the object is an 

important task[7]. Object Detection provides object 

class and its location information from the image, 

and Classification of the object gives information 

about the object belongs to which particular type of 

vehicles[7]. Many researchers used a Deep 

Learning Approach for the purpose of detection 

and classification of vehicles. C. N. Aishwarya et 

al.[8], in this paper, YOLO method is used for faster 

object detection. Deep Learning Classifier layers 

are trained using a dataset that contains both 

types of images static and dynamic images in order 

to give better prediction accuracy. It uses CNNs for 

classification purpose. They have also compared 

the accuracy of Tiny YOLO with YOLO. Tiny YOLO 

require less prediction time compared to YOLO 

because it has a few numbers of layers and it was 

trained to identify only some objects. B. Hicham et 

al.[9] proposed a CNN method to perform vehicle 

type classification. These systems consist of two 

methods: The Data Augmentation method is used 

for the purpose of reducing the imbalanced dataset 

problem and the CNN model is used for image 

classification. CNN structure comprises of series of 

convolutive layers and fully connected layers. 

Convolution layer performs feature extraction and 

fully connected Artificial Neural Networks (ANN) 

layer work as a classification. Precision, Recall and 

Accuracy metrics used for the purpose of the model 

evaluation.  

 M. V. et al.[10] presents the R-CNN method 

that is used as a classification of various moving 

vehicles with region proposals. Box filter is used for 

smoothening the rapid variation that occurs 

because of the movement of the vehicles. Remove 

the background information from the frame to 

identify the Region of Interest. 

 K. Shi et al.[11] proposed a detection model 

based on Fast R-CNN for the purpose of vehicle 

detection. An author has used a new way of 

efficient vehicle detection through incremental 

learning and pre-processing approach in order to 

optimize the training process, during training 

process training parameters adjusted in order to 

achieve the best state. The vehicle detection model 

comprises of two stages: training and testing. In 

the training stage, after pre-training on ImageNet, 

CNN of initial parameters is re-trained. It includes 

three types of networks in the pre-training process: 

CaffeNet, VGG_Cnn_M_1024, and VGG-16. To 

initialize all the layers before the RoI layer uses a 

network model that was obtained by training 

ImageNet. The CaffeNet is used to initialize Fast 

R-CNN, so for that, the RoI pooling layer is added 

by the last convolution layer. The multi-task loss 

function is used and bounding box regression is 

added directly to the CNN network. They have 

combined the BUU-T2Y dataset and KITTI 

dataset[12] with incremental learning.  Using an 
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incremental process, the performance of vehicle 

detection is improved.   

 D. Mittal et al.[5] presented Faster RCNN for 

vehicle detection using a limited heterogeneous 

traffic dataset. Deep Learning Approach for object 

detection requires a large amount of dataset for 

training because the network has to learn millions 

of parameters. The collection of a huge amount of 

dataset is time-consuming because it requires the 

labeling task. So data augmentation technique is 

proposed in order to solve this problem and they 

have augmented the Pascal VOC dataset[13] with 

the IITM-HeTra[6] dataset. After that, add new 

class auto-rickshaw to Faster RCNN model and 

train with the augmented dataset, so using 

augmentation technique it will able to detect all 

types of vehicle and gives better results. B. 

Benjdiraet al.[14] proposed a Faster RCNN model 

and YOLOv3 model for car detection. Region 

Proposal Network (RPN) is used to generate regions 

with different scales and aspect ratio. Fast RCNN 

uses these regions of interest as input. They have 

performed an experimental comparison between 

Faster RCNN and YOLOv3. The performance 

matrix is prepared using the F1 score, precision, 

recall, processing, and quality time. Both methods 

have high precision that means both are able to 

recognize the car in the image accurately, but in 

the case of a recall, YOLOv3 outperforms Faster 

R-CNN. That means YOLO V3 is able to detect all 

the cars that are present inside the image with 

better accuracy. G. Prabhakar et al.[15] presents 

Faster RCNN that is used to detect and classify 

on-road objects. The authors have also provided a 

description of the conventional CNN and different 

variants of R-CNN. The Mean Average Precision 

(mAP) is used to measure the detection accuracy. 

Training of the Region Proposal Network (RPN) is 

performed using Stochastic Gradient Descent 

(SGD) for classification and regression. There are 

two types of training for Object Detection: 

Approximate Joint Training and Alternating 

Training. In Approximate Joint Training, both RPN 

and Fast RCNN networks are trained at the same 

time and in Alternating Training, proposals that 

are generated using RPN are used to train fast 

R-CNN. M. C. Olgunet al.[16] presents Faster 

RCNN and Haar Cascade Classifier. The system is 

trained on Faster RCNN to detect objects and 

vehicles. Haar Cascade Classifier is used to detect 

traffic light and stop sign. The distance between 

Camera and the detected objects are calculated 

during the detection of a traffic light or stop sign. 

For lane tracking, CNN based on NVIDIA's PilotNet 

is used. Faster RCNN for the purpose of vehicle 

tracking provides better performance. 

  

 
Fig. 2 Vehicles Detection and Classification[7] 

 

 Fig. 2 shows the steps of vehicle detection and 

classification. To perform vehicle detection and 

classification extract frame from the video. Apply 

Background Subtraction Technique on each frame, 

it separates out the foreground objects from the 

background one, and it is also useful in the case of 

the detection of moving vehicles from the video 

sequence. Then extract features and classify 

extracted objects into their types. 

 Lu Lou et al.[17], in this paper, Mask RCNN is 

used to detect vehicle contour and Kalman filter 

used for vehicle target tracking. Using Mask RCNN 

existing training models such as COCO some of the 

vehicles are not detected. So Fine Tuning is 

performed, and after performing this some of the 

vehicles are detected that are not detected before 

the Fine Tuning. They have shown a comparison 

between the Mask RCNN original model and 

trained Fine Tuning Model for vehicle detection, 

and found that the train Mask RCNN model gives 

better detection results. In a better daytime traffic 

scenario, this algorithm achieves 98% counting 

accuracy while detecting and counting the 

vehicles. Kalman filter is enhanced for the purpose 

of identifying and counting the moving vehicles. 

The authors have tested this algorithm on the 

diversity of traffic situations and under different 

weather conditions. And found that it solves the 

problem of partial vehicle occlusion and it improves 

the recognition tracking accuracy under a variety 

of traffic scenarios and different climates 

situations. 

 Y. He et al.[18] focuses on various tasks: 

Coordinate Space Conversion, Vehicle Detection, 
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and Data Fusion. To detect vehicle object, they 

have used Deep Learning Algorithm based on CNN. 

The author proposes YOLOv2 method for the 

detection of vehicles from the video. Coordinate 

Space Conversion is used to acquire the pixel 

positions of radar detection of vehicle objects in a 

video sequence. Data Fusion is the process of 

integrating video data and radar data to obtain the 

exact location of the object, which is an important 

component for performance tracking. Appearance 

information is also required to obtain better 

tracking results. Centroid Distance needs to be 

calculated in order to improve the location 

precision and detection accuracy in the data fusion 

module, it is important to calculate in order to 

differentiate whether the nearby object is the same 

or not. By combining Video Detection and Radar 

Information, the performance of vehicle detection is 

improved. The results using the real datasets show 

that the algorithm is very efficient for vehicle 

detection and tracking.  

 Yi-Hsuan Hsu et al.[19], in their paper, 

proposed a PVA-lite Deep Learning model for the 

detection of vehicles. For matching detection 

results with the current trackers, the Data 

Association method is used and the Kalman Filter 

is used to predicting the position of the lost tracker. 

III. SURVEY OF EXISTING METHODS 

A. Detection and classification 

 Deep Learning methods are used for the 

detection and classification of objects including 

vehicles. It provides an extracted frame from the 

video to the network and is passed through the 

different layers of the Neural Network. The final 

results are available in the form of a class label, 

bounding box and in the case of Mask RCNN, an 

object mask is an important result. 

 Convolution Neural Network (CNN)[20] is a 

technique to detect objects, in this case, detect 

different types of vehicles and classify them into 

classes. CNN classification takes the image as an 

input, process the image and classifies it into 

various categories such as a car, bus, truck, auto, 

bicycle, and motorcycle. It passes the image into a 

sequence of convolution layers. The structure of a 

CNN consists of Convolution Layer, a Pooling 

Layer, and Fully Connected Layers. The 

Convolution Layer is used to extract features from 

the image. Convolution of image and kernel results 

in Feature Maps. When the image is too large, the 

Pooling Layer is used to reduce the number of 

parameters. Down-sampling and Up-sampling are 

called spatial Pooling; which is used to reduce each 

Feature Map dimension while maintaining its 

essential information. A Fully Connected Layer, 

flatten the matrix into a vector and is provided to 

the Softmax or Sigmoid Activation Function to 

classify vehicles into their categories. 

 You Only Look Once (YOLO)[21] is used to 

detect objects in the image. The image is divided 

into an s*s grid and predict the confidence and 

bounding box for each grid. The confidence value 

affects the bounding box accuracy and determines 

whether the object is there in a bounding box or 

not. For each box, it predicts the classification 

score. Combine both classes to compute the 

probability of each class being present in the 

predicted box. 

 Region-based Convolutional Neural Network 

(R-CNN) is used to improve bounding box quality 

and to extract high-level features[1]. R-CNN[22] is a 

combination of two steps: Selective Search method 

used to generate regions from the image and 

extract features. CNN is pre-trained for image 

classification purposes. The Selective Search 

method is used to generate a Region of Interest. 

The generated regions are of different size. Regions 

are then reshaped so that all regions are of the 

same size as required by the CNN. These regions 

are fed to CNN for generating a feature vector. 

These feature vectors are used by SVM and for 

each class train SVM independently. The 

regression model is trained to generate a tighter 

bounding box for each object that is found in the 

image. 

 Fast R-CNN[23] is a method from the category 

of Region-based CNN. In R-CNN, generate regions 

from the image and then these generated regions 

are fed to CNN. Instead of running CNN for each 

region, apply CNN once per image. After extracting 

the feature map uses the RoI pooling layer to 

reshape all regions into a fixed size. These regions 

are fed into the Fully Connected Layer that 

classifies using the Softmax activation function 

and generates a bounding box using the Regressor 

activation function.  

 Faster R-CNN[23] is popular for object 

detection and classification. Fast RCNN uses a 

Selective Search method to find a region of interest 

which is slow and time-consuming process. Faster 

RCNN uses Region Proposal Network to generate 

region proposals. The input image is passed 

through CNN which generates a feature map. On 

these feature maps, the Region Proposal Network is 

applied and it gives the object proposals as an 
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output. Apply RoI pooling to convert the proposal of 

the same size and pass these proposals to the Fully 

Connected Layer, it classifies object using Softmax 

Layer and generating a bounding box using Linear 

Regression Layer. 

 Mask R-CNN[24] is an extension of Faster 

R-CNN. Fig. 3 shows the steps of Mask RCNN. 

Mask RCNN use ResNet 101 architecture to extract 

features from the image. A Region Proposal 

Network (RPN) is performed on the extracted 

feature maps. RPN predicts whether the object is 

present inside the region or not. Region Proposal 

Network returns those feature maps or regions that 

contains the object that is predicted by the model. 

RoI alignment is used to fix the misalignment 

problems and keeps an exact spatial location. It 

converts cells of the same size but does not digitize 

the boundary of the cell[25]. To achieve a better 

feature map, it applies interpolation. RoI alignment 

improves accuracy. After applying RoI alignment, 

these regions are fed into Fully Connected Layers 

to perform the classification and predict the 

boundary box using the Softmax and Regression 

model respectively and apply two more convolution 

layers (as in Fig. 3) after RoI align in order to 

generate object masks. 

 
Fig. 3 Mask RCNN framework[26] 

 

 Mask R-CNN output for each candidate object: 

class label, bounding-box and the object mask. Fig. 

4 shows the output of Mask RCNN. 

 
Fig. 4 Image Output of Mask RCNN[6] 

IV. DATASET DETAILS 

 AAU-RainSnow[27] dataset is used for vehicle 

detection and classification. It contains 5 different 

types of vehicles such as a car, bus, truck, bicycle, 

luxury bus and contains 22 different road videos. 

IITM-HeTra[6] dataset contains different types of 

images of vehicles in order to detect vehicles. It has 

1417 images with different classes including car, 

bus, motorcycle, bicycle, and auto-rickshaw. 

PASCAL VOC[13] dataset has around 10000 

images that contain 20 different classes with a few 

relevant classes such as a car, truck, and bus. 

Kitti_drive0005[12] dataset is used for object 

detection. BrnoCompSpeed[28] includes a dataset 

of 18 full-HD videos.  

 The commonly used metric to measure object 

detection accuracy is mean Average Precision 

(mAP)[15]. This is calculated by taking Average 

Precision (AP) of each class and calculating the 

average of all the Average Precisions. False Positive 

Rate (FPR) is also used as the evaluation criteria for 

vehicle detection[10]. Sometimes, Precision, Recall, 

and Accuracy metrics are also used to measure the 

performance of vehicle type classification[9]. 

V. CONCLUSION 

This paper presented a review of various 

methods used for Vehicle Detection and 

Classification. Various Deep Learning methods are 

discussed with its challenges. This variety of Object 

Detection methods comes with certain merits and 

demerits. Among these methods, Mask RCNN 

provides better results along with the object mask 

by using different dataset images. 
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