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Abstract:  Motorcycle accidents have been growing day by day throughout the years because road safety is often neglected by riders 

worldwide leading to accidents and deaths. Classification of vehicle, Detection of a helmet, and non-helmet, and number plate 

detection is one of the area of image processing and machine learning. This paper aims to review various methodologies used in 

object detection and the accuracy of the model. Also, we would like to review some methods that detects automatically, a helmet 

and non-helmet motorcycle rider using surveillance cameras, so that it would decrease a work load of traffic police, indirectly saves 

the society, and decreases the death rate due to accidents. This has created a demand towards the leading algorithms used in the 

detection of the helmet and non-helmet followed by number plate detection. Object detection and Text recognition are the main 

frameworks consisting of build-in methods which are used to build and train robust, and customized models. This paper shows the 

various methods that recognizes the motorcycle, motorcycle with rider, also if the rider is wearing a helmet or not, and if not then 

the methods that are used for number plate detection of vehicle. Most of these methods uses Machine Learning concepts. 

 

 

Index Terms - Helmet Detection, Tensorflow, Keras, OpenCV, Image processing, CNN, Deep Learning, Machine learning, 

YOLO, SSD, OCR, faster R-CNN.      

I. INTRODUCTION 

 
     A helmet aims to scale back the impact of a force or collision to the head by an accident, that reduces a chance of great head 

and brain injuries by dissipating the force and energy of the impact, motorcyclists must take extra precautions to guard their 

bodies. As the law mandatorily tells that, every motorcyclist must wear a helmet while riding a motorbike. Wearing a helmet 

over non helmet wearer increase their possibility of survival. But many bike riders used to ignores their safety and thus leading 

to the violation of RTO helmet rule as they drive vehicle without defence apparatus like a helmet. The policeman tried to manage 

this problem manually but it is inadequate for the real situations. Recently helmets are made mandatory, but still, people drive 

vehicles without helmets. [10] Hence there is a desire for a closed-circuit television that’s capable of detecting helmets and 

preventing the deaths. To unravel this problem a more sophisticated computer vision model that encompasses image processing, 

CNN, Faster-RNN, OCR (Optical character recognition), SSD (Single Shot multi-box Detector), YOLO (You Only Look Once), 

etc., frameworks are used for real-time detection of traffic rule violators who ride bikes without employing a helmet. The road 

CCTV footage is employed using Deep Learning and Image Processing technology to detect whether a rider is wearing a helmet 

or not. And thus it will detect riders without a helmet then the system is going to send an automatic notification to the rider using 

the number plate (Optical character recognition (OCR) used for number plate detection.) of that vehicle.  
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II.  RELATED WOEKS 

2.1 Image Processing 

     Image processing is set of computational techniques that is used to perform some operation on a picture for analyzing, 

enhancing, compressing, and reconstructing image, or to extract some useful information from it.  Image processing is that the 

main work for detecting helmets of bike riders. A site called Digital Image Processing helps a machine to look at its surroundings. 

The photographs that are captured by the machine's camera are processed by the image processing algorithms, making it easier 

for the machine to detect, track and classify objects, etc. The image processing also helps in enhancing, restoring existing images. 

[1]  

      OpenCV [3] is that the huge open-source library for computer vision, machine learning, and image processing and now 

it plays a significant role in real-time image-data processing operation which is extremely important in today's systems. By 

using it, an objects, faces, or even handwriting of a personality can be identified. NumPy libraries are used to process the 

OpenCV array structure by using python.  

2.2 Machine Learning 

      Machine learning is a domain focuses on two fundamental things: Firstly, How to construct computer systems that improves 

automatically through experience of a real-world? And second is related to the basic statistical computational-information-

theoretic laws? The study of machine learning is very important in learning systems, including computers, humans, and 

organizations, both for addressing these fundamental scientific and engineering questions and for the highly practical computer 

software it has produced and fielded across many applications. [5] 

     Machine Learning comes under (AI) Artificial Intelligence which allows systems to find out from data and make decisions 

with minimal interventions. Machine Learning automates model building, it is possible to automatically produce models that 

can analyse complex data and deliver accurate results on a really large scale.  

2.3 Deep learning 

     Deep learning is a sort of machine learning and computer science that is artificial intelligence (AI) that generally uses network 

to learn unsupervised data. It has many layered deep neural networks through which may learn different levels of representation 

and abstraction.  Deep Learning recognizes objects in a picture by employing a CNN. In Deep Learning, a Convolutional Neural 

Network or CNN is one of the part of artificial neural network, for image/object recognition and classification CNN is widely 

used. Basically sliding a filter over the input is a convolution, thus creating a feature map that encapsulate the presence of 

detected features within the input. 

     Deep Layer Convolutional Neural Network model called AlexNet developed in 2010, which consisted of 60 million 

parameters and 650,000 neurons with five convolutional layers and 1000-way SoftMax layers, proved the numerous impact of 

this emerging technology with high future scope by winning the ImageNet Large-Scale Visual Recognition Challenge 2010. 

(ILSVRC10) [4] 

     TensorFlow is an open-source library in python. It is mainly used for fast numerical computing of data. TensorFlow allows 

the developer a DataFlow graph or a flowchart of operations. Manipulations is performed by nodes and edges of graph. 

TensorFlow is currently being widely accustomed build complex Deep Learning models. [13] 

     Keras is a neural network library that gives high-level APIs. It is designed in a way that it is to be modular, fast, and simple 

to use. Keras is an Open Source Neural Network library written in Python and supports multiple backend neural network 

computations which makes it way more user-friendly than TensorFlow. Also, TensorFlow and Keras will be used together to 

make complicated models easily. [13] 

2.4 Helmet Detection Methodologies  

 Deep Networks for Object Detection. The R-CNN method trains CNN end-to-end to classify the proposal regions into object 
categories or backgrounds. R-CNN mainly plays as a classifier which helps in classification of vehicle, and it may not forecast 
object bounds (except for refining by bounding box regression). [7] 

 Detection of images is achieved through the concept of bounding boxes. Using the arrogance score of every bounding box 
will gives the knowledge that the box contains an object. PASCALVOC 2007 is a dataset which incorporates nearly 20 
different classes of images. The CNN model as compared to RCNN and Faster RCNN is proved efficient because the number 
of bounding boxes produced by RCNN is almost 1800–1900 which is incredibly large compared to the CNN model which 
produces about 100 bounding boxes. Thus, this model enables detecting multiple objects. Henceforth, the Easynet model is 
easy to create and implement which may even be extended for detecting moving objects [7].  

 

 

Fig. 1: Block diagram for detection, counting, and classification of vehicles [9][14] 
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 A fully convolutional network, Region Proposal Network (RPN) predicts object bounds and therefore the several 
objectiveness at every position.  The RPN is trained persistent to bring about high-quality region proposals. Combining RPN 
and Fast R-CNN helps the unified network with where to look [7].[14] 

 YOLO (You Only Look Once) is an algorithm that uses neural networks to provide real-time object detection and location of 
the object. This algorithm is famous because of its speed as well as accuracy. YOLO algorithm has  used by many professionals 
in many platform to detect traffic signals, human, parking meters, and animals [12] 

 The YOLO Detection System. Processing images with YOLO is straightforward.  system Firstly, resizes to 448 × 448 as input 
picture, Secondly, runs a single convolutional network on the picture, and Thirdly By the model's confidence the resulting 
detections is being threshold. [12] 

 SSD (Single Shot multi-box Detector) is a mainstream algorithm in object detection. It is a deep neural network model to 
aaccomplish both image segmentation and image classification at the exact time in precicely one execution. An objective of 
SSD is to observe a proper bounding box in every image that ought to be considered to detect an object and then use that area 
of the bounding box to organize the type of object. Additionally, the best part is that it can detect numerous objects in the 
image executing only once and is significantly quicker and giving high accuracy. SSD object detection algorithm summarises 
out of 2 sections: Extraction of the feature maps and applying convolution filters for the detection of objects. SSD generally 
uses VGG16 to extract feature maps. SSD is more reliable than YOLO. [9] [12] 

 

 

 
Fig. 2: Bounding Boxes using SSD Algorithm[8] 

 

 

2.5 Proposed Algorithm  

Require: D as a dataset, μ as mean, N is total no. of the dataset Xi is an individual value, f as mantissa, e as a biased exponent, 

S as a sign bit, W & b as output parameters Input: Datasets Output: Probability 

 

Step 1. Import or generate data      D = {xn, yn} is a dataset 

Step 2. Transformation and normalization of data by using concept called mean, standard deviation and float to integer. 

 

σ = √
1

𝑁
∑(𝑥𝑖 − 𝜇)2

𝑁

𝑖=1

 

 

Where 𝜇 is mean, N is total no. of the dataset, 𝑥𝑖 is an individual value (1 - 2s) x (1 + f) × 2𝑒 s is the sign bit (0 or 1), f is the 

mantissa and e is the biased exponent 

 

Step 3. Set the Parameters W and b as TensorFlow variabl  for result 

Step 4. Built Computation Graph by initializing weight and biases 

Step 5. Declare Keras as Loss Function 

Step 6. Initializing and Training Model to better predict our data as a output  

Step 7. Evaluate the Model //Testing Phase 

Step 8. Predict Outcomes & Declare Result 
Step 9. End [13] 
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2.6 Flow Chart 

    Flow chart represents the process model for recognizing helmet with optimal prediction level. 

 
 

Fig. 3: Flowchart [11] 

III. PROPOSED METHODOLOGY 

 

The system is divided into four modules:  

 Motorcycle Detection  

 Head Detection  

 Helmet Detection  

 Number Plate Detection  

 

3.1 Motorcycle Detection 

    Bike and helmet recognition from an image can be done using image processing. The difficulties confronted were the state 

of the bike within the picture, whether the bike is empty (no rider), the bike having rider, the spot of the traveler's head, and the 

differentiating evidence of the helmet at the head area of the bike rider. Various steps of image processing are used on the video 

images format before detecting the motorcyclist within the frame. Recently, deep learning algorithms such as CNN have been 

employed on helmet wear analysis. Because the faster R-CNN shoot up the recognition rate of vehicles, compared to other deep 

networks such as CNN, fast R-CNN, and YOLO. We can use faster R-CNN. For image capturing we use CCTV footage videos 

by dividing the video into different frames later we may detect objects using open-CV source python code(based on faster R-

CNN) and if the system detects the presence of a motorbike, it first checks whether it has a rider or not. Based on this the 

specified part from the frame and further checks are done. [15] 

3.2 Head Detection  

    Faster R-CNN with VGG-16 a pre-trained model can differentiate humans or objects like persons, horses, and chairs. Angle 

of depression like concept matters a most as it depends upon camera position, it gives human-head like appearances. With the 

assistance of Gabor-Wavelets filter, proves its robustness and ideality against changes in the scale, orientation and dazzle can 

also be used for finding out highlights showing the facial segments. It thus find outs the human head under various ecological 

conditions. [15] 

3.3 Helmet Detection  

    CNN that exists now helpless to regulate the challenges in real-world for helmet wear analysis like helmet detection of 

motorcyclists, so better to go with a new one that is faster R-CNN. This is because to seek out a sturdy and perfect model in 

accuracy for classification. The step by step reorganization of people riding a motorbike or it's just an steady vehicle with no 

riders, the location of  head of that rider, and the detection of a helmet at the head location have been examined. Overlapping 

area of bike rider at a certain point of time is examined and also a set of coordinates dynamically depends on the position of the 

bounding boxes that are created around the motorbike and rider. The detected motorcycles were first manually classified into 

the helmet and non-helmet classes for training the device by cropping the image using coordinates of bounding boxes these 

cropped images from the frames are motorbike person combinations. Image classification model allows pictures to pass through 

it for the detection of helmet and thus if it is not helmet then it saves the image in a directory else it is simply removed. 

3.4 Number Plate Detection 

    Optical Character Recognition (OCR) is aimed towards the acknowledgement of the vehicle number. Line separation using 

the row segmentation have been performed. Later the line separation is applied for the columns to perform individual character 

separation. Different variables are accustomed store the separated characters. An alphanumeric database is taken into account 

like reference to compare with the OCR of every character. [14] 
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Fig. 4: An example for segmentation of characters on a number 

Plate [14] [2] 

It proves the importance of the initial foreground segmentation, detection of motorcycle, detection of a motorcyclist with and 

without a helmet, and Licence Plate recognition of the motorcyclists with and without helmets, delivers a framework for 

automated helmet wear analysis system. The study of work related to image identification, management of datasets, and  solving 

different types of challenging conditions are the key benefits of the proposed helmet wear analysis framework. 

Convolutional Neural Network is the best-fit algorithms that we are able to apply to the objectives of image detection 

specifically Helmet Detection and classification of vehicle. Further, YOLO models can successfully rrecognizes the number plates 

of those motor-bikers who are not wearing a helmet. 

 

 

 

 
 

Fig. 5: Steps for automatic number plate detection [14] 
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IV. COMPARISON BETWEEN HELMET DETECTION TECHNOLOGIES 

 

Table 4.1: Comparison Between SSD And Yolo v3 

 

 

Sr. No. Parameters SSD Yolo v3 

1. Modal names Single Shot Multi-Box Detector You Only Look Once 

2. Accuracy 72.1% 80.3 % 

3. Time 0.17-0.23 sec/frame 0.84-0.9 sec/frame 

4. Speed High Low 

5. 
Mean Average 

Precision 
0.251 0.358 

6. Frame per second 59 45 

 

    The table above shows the comparison between YOLO (single view) and SSD (single-gun detector). Comparisons are based 

on parameters such as Accuracy, Speed, Time, Medium Accuracy [9] and Framework per second to determine which is better, 

more efficient and can be used in real-time use .Prices in the table above clearly show that YOLO is better than low accuracy 

and Advanced FPS SSD algorithm [6]. Yolo has higher accuracy than SSD. Even after a low oP of o.358, YOLO has a suitable 

map to be used in real-time programs, and it becomes clear that the best algorithms in its category when used along with accurate 

high FPS information. 

 

V. CONCLUSION 

     In this paper, the recent studies in the detection of non-helmet motorcycle riders based on the following references are 

reviewed. The proposed solution is characterized and described concerning steps, they are as follows: 

a. Classifying the obtained images into motorcycle and non-motorcycle. 

b. Detecting motorcycles among other vehicles from obtained images using suitable techniques 

c. Detecting motorcycle rider with or without Helmet 

d. Capturing number plate of the vehicle of non-helmet motorcyclist rider. 

    The traffic camera footages from a variety of sources are in implementation. Domains like Image Processing and Machine 

Learning are used to make it easier. Punishment of motorcyclists who do not wear protective helmets can be done through the 

discovery of motorcycles and helmets and the recognition of number plates. Finally, challenges are discussed and detailed in 

future research. 
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