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Abstract— The up gradation of technology has 

led us towards automation in every domain. The 

technological progress of a country depends on 

the key services and facilities offered to the 

common masses. The main objective behind this 

proposal is to create a suitable Automatic Toll 

Collection System (ATCS) that can be 

implemented to provide an efficient road and 

transportation infrastructure at the highways. 

The term “suitable” here refers to introducing 

minimal changes in the current infrastructure 

aiming at maximum increase in the efficiency. 

The basic idea behind implementing Machine 

Learning based ATCS is to automate the 

process by reducing manual control mechanism 

along with organizing heavy flow of traffic at 

toll booths, simply by reading the number plate 

of the vehicles and cash free collection of toll 

tax. This proposal is aimed to provide an 

accurate and efficient ATCS for India based 

upon the vehicle type classification, using ALPR 

technology.  
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1. INTRODUCTION 

The transport system, as described by [1], is one of 

the most important contributors to the economy due 

to the exhaustive use of infrastructures, and is often 

considered as an obvious mechanism for 

development. Efficient transport systems provide 

financial opportunities to public as well as private 

fields, thus reducing the cost of transportation in 

economic sectors by providing investments, 

employment as well as accessibility to remote 

areas. However, the continuously advancing 

technology has resulted in almost everyone 

affording as well as using a vehicle on daily basis. 

This has resulted in exponential growth on the 

number of vehicles on road over 2-3 decades, 

causing congestion of vehicles on highways and 

expressways as well. It results in long queues of 

vehicles waiting at the toll booths for their 

respective turns, thus disrupting the easy movement 

along the roads. 

Regardless of the growing popularity of the RFID 

Technology, it suffers from some major drawbacks. 

The first one being that a security personnel checks 

the automobile for the RFID Tag to be present on 

the windshield, thus contradicting the main purpose 

i.e. the automation of the Toll Collection System. 

Another drawback is that the system is electronic 

and may not work all the time. Though one 

handheld device is provided per toll booth, but 

manually sensing the tag for each automobile in 

such a case consumes a greater amount of time, 

than consumed by the manual process itself. Also, 

most of the counters are cash + Fastag, therefore it 

doesn’t make much difference in the waiting 

period. 

In this prototype, we propose an ATCS system 

based on vehicle detection and vehicle type 

classification that makes use of an Automatic 

License Plate Recognition (ALPR) system. It can 

be used as a real time ATCS providing better 

efficiency as well as reliability. A High Definition 

camera is used to capture the image of the 

incoming vehicle from a distance, so that the 

deduction process is completed before the vehicle 

crosses the toll booth. This camera is fixed and 

inflexible. This prototype can also be implemented 

in organizations that require monitoring and record 

keeping of the incoming as well as the outgoing 

vehicles. It can be used in a way to enable only 
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authenticated or registered automobiles to enter the 

campus 

 

2. LITERATURE REVIEW 

For selecting a suitable camera, both LPR as well 

as non-LPR cameras are available in the market, 

and both are applicable for LPR system. However, 

an added benefit of the non-LPR camera is that it 

can be deployed for vehicle detection as well. A 

comparison between both these cameras by [2] is 

based on five key areas: level of performance, 

lighting, shutter speed, field of view, and cost. It 

suggests that non-LPR cameras are as effective as 

specifically designed LPR cameras in most areas, 

although, shutter speed is higher in LPR cameras. 

Most of the investigations regarding Automated 

Toll Collection systems constitute electronic 

systems that deploy sensors to read information 

from electronic chips mounted on the vehicle using 

radio-frequency waves. One such investigation has 

been performed and cited as [3] where RFID tag, 

which is an electronic transponder containing a 

chip and antenna, is mounted on the windshield of 

an automobile and is read using RFID reader, a 

scanning device which communicates with the tag 

through its own antenna. An investigation by [4] 

deploys Machine Learning for rapid object 

detection which makes use of Integral Image 

representation, AdaBoost algorithm and Cascade 

classifiers. However, the paper has been prepared 

in regard with Face Detection systems and the rate 

of detections can be compared to some of the best 

researches in the field. A comparison between Haar 

cascade classifier and LBP (Local Binary Patterns) 

cascade algorithm [5] suggests that the accuracy 

achieved using Haar cascade is higher for standard 

platforms, however LBP cascade achieves higher 

accuracy for Embedded platforms, although both 

can be used for real-time object detection. There 

has been limited work on Automatic Toll 

Collection using Machine Learning, however few 

researches exist on using Vehicle Type 

Classification for collecting toll tax. For instance, 

[6] detects an automobile and then classifies it into 

heavy or light motor vehicle category using 

computer vision along with Embedded Linux 

development kit (Raspberry pi). A deep learning 

based Malaysian investigation [7] deploys 

Convolutional Neural Networks with Layer 

Skipping strategy to learn features of the vehicles 

and to classify them into 3 classes: passenger 

vehicles, heavy motor vehicles and taxis. Another 

related technology [8] uses Image processing for 

vehicle classification along with ALPR system to 

implement a more reliable toll collection system. A 

license plate recognition system that implements 

template matching technique for character 

recognition is explained by [9]. It is used for 

reading the license plate of a vehicle after which 

the vehicle database is accessed and the tax to be 

charged is calculated and then deducted using the 

information stored in the database. A combination 

of image processing and genetic algorithms is 

proposed by [10] designing a genetic algorithm for 

plate detection. Here, the image is converted from 

gray-scale to binary format, followed by 

implementation of connected component analysis 

to select the best suited candidate as license plate. 

A comparison has been drawn [11] between 

various plate localization techniques, forming the 

basis of any ALPR system. The percentage 

accuracy achieved by various techniques on using 

the same parameters is calculated, and the 

comparison is restricted to UK license plates. A 

detailed explanation as well as analysis of the 

Optical Character Recognition technology is 

presented by [12]. The problems faced during OCR 

process, the phases of this process and the 

application of the technology are defined in the 

above mentioned. Referring to the existing works, 

we have designed a prototype that uses Object 

Recognition to detect vehicles and then deploys a 

supervised learning algorithm to classify the 

detected automobiles into suitable categories. Next, 

the ALPR system detects and recognizes the 

license plate, which is used as a unique identity of 

the vehicle for toll deduction. 

 

3. METHODOLOGY 

The methodology for the proposed prototype has 

been divided into 4 stages: Vehicle Detection, 

Vehicle Classification, ALPR and Transaction. 

3.1. ATCS Process Flow 

A mounted camera video feed from the toll plaza is 

used to detect incoming vehicles. A non-LPR 

camera is used for the same, due to the reasons 

explained by [2] and as mentioned above.  A Haar 

cascade classifier is used for the same. Next, 

classification of vehicle type is performed using a 

supervised learning algorithm and the class of 

vehicle is obtained. The prototype classifies the 

vehicles into three categories: HMV, LMV and 

http://jespublication.com/


www.jespublication.com Page No:81 

Vol 11, Issue 8, August/ 2020  

ISSN NO: 0377-9254                                  

  

 

 

   
 

 

two-wheeler only. However, more categories of 

vehicle type can be added by introducing few more 

features.  

A license plate recognition system is developed 

to localize and detect license plate using OpenCV 

library and the Tesseract OCR is used next to read 

the text from this localized plate. 

 
Now, the Plate number is used to access the 

required entry from database relations (HMV and 

LMV), and the toll amount is calculated, followed 

by deduction of the required tax. And thus, the 

process comes to an end. 

 

3.2. Vehicle Detection 

For detection of incoming vehicles, the prototype 

uses Haar Cascade classifier as it provides higher 

accuracy on standard platforms [5], when 

compared to other techniques. With this classifier 

we detect objects from images or videos that are 

conceptually based on features from [4] as the 

algorithm can detect any type of object. A cascade 

function is trained with a large number of positive 

and negative images in order to extract features.  

The algorithm has four stages: 

 
No doubt Haar feature is a weak classifier 

(although it gives excellent detection qualities than 

guessing randomly), but a sufficient number of 

features are necessary to depict an object with 

adequate accuracy and are therefore structured into 

cascade classifier to form a strong classifier. It is 

the best detector to handle large databases, and 

provides high reliability along with speed. 

 

3.3. Vehicle Classification 

Image classification plays a very important role in 

vehicle classification for which we have used 

KERAS framework. KERAS is a high level API to 

build and train a model in TensorFlow, Microsoft 

Cognitive Toolkit, R, Theano, or PlaidML. For 

image classification we have used Convolutional 

Neural Networks (CNN). An image is passed 

through a series of convolution, non-linear, pooling 

layers and fully connected layers, and then 

generates the output. 

 
 

3.4. License Plate Recognition (LPR) 

The License Plate Recognition system for the 

prototype has been developed based on the ALPR 

(Automatic License Plate Recognition) technology 

that uses Optical Character Recognition (OCR) on 

images to read vehicle license plates to create 

vehicle location data. This ALPR consists of two 

main stages: Plate Localization and OCR.  

The Plate Localization is responsible for finding 

and isolating the plates on a plane. It forms the 

basis of any ALPR system. License plate is 

distinguished from the rest of the vehicle on the 

basis of its dimensions, and the relatively higher 

contrast. 

We have used various functions from the OpenCV 

library in order to perform localization of the 

license plate. The same is done in the following 

steps: 
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After the plate has been localized, the text on the 

plate is read using the Optical Character 

Recognition tool of Google, commonly referred to 

as TesseractOCR or Pytesseract. It comprises of 

two main processes: Character Segmentation and 

Character Recognition.  

Character Segmentation decomposes an image that 

consists of a sequence of alphabets, numerals or 

other characters, into sub-images each consisting of 

an individual character. Character Recognition 

involves considering the text of the sub-images and 

translating it into characters that can be used for 

data processing.  

The entire process flow of OCR consists of the 

following 6 steps: 

 
Hence, we extract the number written on the 

license plate of the vehicle. 

3.4. Transaction 

We used a google form to collect data regarding 

few vehicles and the information was stored in the 

form of a google spreadsheet. Next, we 

downloaded the spreadsheet in the .csv format 

which was used as the database in the python code 

for representing a transaction. 

The database consists of three relations consisting 

of entries pertaining only to HMV, LMV and two-

wheeler classes respectively. Thus, the text of the 

license plate serves as the primary key in each 

relation, and the relation to be accessed is based 

upon the vehicle classification. The toll to be 

deducted is fixed for each relation i.e. for each 

vehicle type. This tax is deducted from the owner’s 

linked UPI account, followed by sending a 

confirmation to the vehicle owner via SMS/e-mail, 

and the vehicle is allowed to pass. 

 

4. RESULTS 

 

We have taken 8000 samples of different sizes and 

of different vehicles for vehicle detection. 

Numerical assessment of accuracy is done by 

comparing results identified manually and 

automatically by the method proposed. 

 

𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
𝑡𝑟𝑢𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒

𝑡𝑟𝑢𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 + 𝑓𝑎𝑙𝑠𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒
 

Here, True positive = 7787 and False positive = 

172 

%𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
7789

7959
∗ 100 

We can clearly see that the accuracy is much better 

in the method proposed in all conditions and yields 

an accuracy of 97.83%.  

 

 
The graph represents the comparison between the 

proposed method for vehicle detection with the 

other generally used methods. 

 

It is a known fact that CNN algorithms are best 

suited for image classification purposes, as they 

provide a high accuracy rate. In the prototype 

discussed, out of the 7787 images, where vehicles 

were detected correctly, 7694 images were 

classified into the correct categories where they 

belonged. The accuracy of the Vehicle 

classification stage thus achieved is: 
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%𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
7694

7787
∗ 100 = 98.80 

 

The LPR system works with a high accuracy rate 

only for clear images. Here’s a screenshot of the 

LPR system working on a car as shown in the 

leftmost figure. The second figure shows the 

localized plate and the third shows the OCR system 

recognizing the text on the image correctly. 

 
 

The efficiency of the plate localization technique in 

general is calculated as: 

 

%𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 𝑜𝑓 𝐿𝑖𝑐𝑒𝑛𝑠𝑒 𝑃𝑙𝑎𝑡𝑒 𝐿𝑜𝑐𝑎𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛

=
𝑆𝑢𝑐𝑐𝑒𝑠𝑠𝑓𝑢𝑙 𝑆𝑎𝑚𝑝𝑙𝑒𝑠

𝑇𝑜𝑡𝑎𝑙 𝑛𝑜. 𝑜𝑓 𝑆𝑎𝑚𝑝𝑙𝑒𝑠
∗ 100 

A dataset of 450 images was prepared to test the 

LPR system out of which, the plate localization 

was successful on 419 images. The one’s that were 

not able to localize plates successfully were mostly 

distorted. Another reason of these plates not being 

localized is the insufficiency of light in some 

pictures. Although the non-LPR camera operates 

much better than the LPR camera in absence of 

sufficient light, but there are chances of not proper 

localization of license plates. Thus the efficiency of 

the plate localization achieved so far is  

%𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
419

450
∗ 100 = 93.11 % 

Comparing various OCR techniques ABBYY 

FineReader makes extracting text from all kinds of 

images a breeze. On the other hand, Google Cloud 

Vision doesn’t handle tables very well: It extracts 

the text, but that’s about it. Transym is a low level 

toolkit which requires quite a bit of programming 

to do basic OCR tasks.  

 
However, Tesseract is the most powerful and 

advanced OCR software in this list of OCR 

softwares, which uses Deep Learning to extract 

texts from images (BMP, PNG, JPEG, TIFF, etc.) 

and PDF files.  

The OCR (Tesseract) was able to recognize the text 

on each of the localized plates, however, out of 

these the text on 8 of these was read wrong. This 

happened mainly due to non-uniformity in the 

alignment of text on the license plates. Some 

people tend to use specially designed license plates 

that use different fonts and sizes to which the OCR 

couldn’t adapt so well. The accuracy of the OCR 

obtained is thus 

%𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
411

419
∗ 100 = 98.09 % 

The accuracy can be increased to 100% by 

introducing a law to enforce uniform license plates 

all over the country.  

A problem that might be faced during the 

implementation of the prototype is that the vehicle 

owner’s account may not have sufficient balance as 

required for the tax deduction. To address this 

issue, we need to use a high resolution camera that 

ensures vehicle detection and starts the process 

while the vehicle is a little behind the toll booth. 

Multiple speed-breakers also need to be introduced 

in order to reduce the speed of the vehicles. This 

shall ensure that the owner’s account balance can 

be checked before the vehicle actually crosses the 

toll booth. In case of low account balance, the 

electronic gate shall shut the lane, thus stopping the 

vehicle to pass without paying toll tax.  

 

5. CONSCLUSION 

 

We proposed the implementation of ATCS using 

Machine Learning algorithm, CNN classification 

and LPR, to detect the vehicle, classify it into a 
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suitable category and determine the toll rate, and 

then recognize the text on the license plate, to 

deduct the required tax from the vehicle owner’s 

account, respectively. The aim is to provide an 

efficient classification result for the system and to 

overcome the current issues regarding ATCS as 

mentioned earlier. Based on the prototype, we were 

able to automate the classification and toll 

collection process by classifying the vehicle into 

HMV, LMV and two-wheeler. An issue faced 

during the process is the case where the vehicle 

owner’s account balance is lower than the toll to be 

deducted. It can be solved by introducing multiple 

speed-breakers, high resolution cameras and 

electronic gates at each lane, as discussed above. 

Thus, the implementation of this approach is 

suitable to enhance the toll collection process in the 

country.  
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