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1. INTRODUCTION

There have recently been big break throughs in computer vision application. Real-time computer
vision applications can now be used with a variety of very complicated computational hardware, cutting-edge
machine learning, and image processing algorithms [1]. Every car has a license plate that is used to identify
it. The purpose of a car license plate detection system is to accurately and quickly identify the existence of a
license plate on a vehicle [2], [3]. Typically, the process of developing license detection and recognition
involves many steps. This systems primary target is the license plate recognition that provided from image or
video stream, extract its characters, and understand it. We can store these characters in text file or database.
These uses include parking, tracking a certain vehicles number, counting the number of vehicles that enter a
particular area [4]. The process of plate recognition is done using Open CV and easy optical character
recognition (OCR) libraries in Python. The algorithms used for object detection in our study that you only
look once (YOLO) v4 and cascade classifier.

Generally, the process of developing license detection and recognition involves several processes.
First, some preprocessing is done to improve the suitability of machine learning algorithms for highly
accurate detection and recognition. Images are resized during the pre-processing stage and noise is removed
using denoising filters. Additionally, the color photographs that were initially input are changed to grayscale
versions because color information is not very helpful for identifying or detecting license plates [5]-[7].
Secondly, to discover and recognize the necessary objects and boundaries in the image, a method known as
image segmentation divides an image to multiple segments, or groupings of pixels, based on homogeneity
criteria like color, intensity, or texture. In relation to license plates [8], [9].

YOLO is an object detection model where the algorithm detects the different objects and recognizes
them in images. At real-time, object detection in YOLO is done as a regression problem and provides the
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class confidence of the detected object [10]. Cascade classifiers which is a concatenation of multiple weak
object classifiers that are positioned consecutively, with the output of one classifier being an input
information to the next classifier, that consist of HaarCascade which classifier are an effective way [11]. The
algorithm used for recognize character that OCR by EasyOCR library in python. In the system of EasyOCR
library there are near 40 language (characters: letters and numbers) so the EasyOCR library will test
matching between the input image and the character in memory in the library [12]. In this paper will explain
the Raspberry Pi 4 as a hardware, YOLOV4, cascade classifier, OCR, detection in real time video stream
mode, and the results when difrrent status of distances and angels.

2. PROPOSED SYSTEM

Figure 1 shows the flowchart describing the work of the license plate recognition system. The video
frames in which come from the camera port will get in the Raspberry Pi and pre-processed frame by frame,
for any individual frame, if the plate number needs some image processing such as first stage noise removal
or classical segmentation, if no, then directly detects the license plate numbers sequentially by using
EasyOCR algorithm, image correction using morphology and character segmentation. The system will check
the end of video frames to finish the process or to continue.
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Figure 1. Flowchart video frame license number detection
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3. METHOD

For license plate recognition, various techniques are proposed. In this part, a compact summary of
the components is provided and explain each components what responsible for (hardware description, YOLO
algorithms, cascade classifier and OCR) as follows. Each one of these components of the license plate
recognition system will be clear to understand after this part.

3.1. Hardware description

The extraction of a vehicle's license plate number from an initial image will be carried out in this
phase utilizing a Raspberry Pi 4 and a camera with a spatial resolution of 2,592x1,944 pixels. Figure 2 shows
the hardware utilized in this study [13], [14]. Any ordinary image contains a lot of unnecessary details, such
as noise and background texture. The following steps are an algorithm that has been developed to determine
the area of interest inside the license plate in order to address the difficulty of reading a vehicles number
plate.

Figure 2. RaspberryPi 4 with a camera

3.2. YOLO algorithm

A deep learning model called YOLOvV4 has been used to identify objects in input video frame or
image. The YOLO model is employed to take images that include the license plate area, which serves as the
region of interest [15], [16]. One neural network can forecast bounding boxes for YOLO, which only needs
to process an image once to accomplish detection, and class probabilities can be improved end-to-end in
direct relation to detection performance.

The YOLOV4 algorithm, which can detect any object required, is based on the detection of objects
in an image or video stream. Only the license plate had to be detected for this application; other things, such
the car's body, were unimportant. Consequently, once YOLO detects the license plate, it can be used to
recognize the characters with EasyOCR using OCR algorithm. The YOLO algorithm receives the image,
processes it to extract features, gathers all the objects, and determines which objects the program will use and
which ones it will ignore.

3.3. Cascade classifier

An ensemble of various weak object classifiers arranged in a cascade is referred to as a cascade
classifier. The output of one classifier is passed along to the next classifier as additional data. The ensemble's
successive operation enhances the classifiers accuracy. In reality, it comprises of the HaarCascade, a reliable
method for facial recognition. Viola and Jones [17] proposed this approach. The workflow of HaarCascade
classifier is shown in Figure 3.

Stage 1 Stage 2 Stage n

Input image
P 9 Image contain the

object

Image does not contain the object

Figure 3. HaarCascade classifier
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A big amount of both positive and negative images is used to train the classifier in this machine
learning-based method. The negative images are the ones that contain everything else, which we typically
aren't interested in, while the positive images are the ones that contain the images that we want our classifier
to recognize. This is another disadvantage of this approach because it necessitates samples of the object that
we are not interested in for reading license plates [18].

3.4. Optical character recognition

Using OCR, we can take textual data from images. It is quite helpful since it can assist in both the
processing of textual data that can be utilized for a variety of applications as well as the acquisition of
semantics from scanned images. Different OCR engines exist. Some are proprietary, while others are open
source. Two well-known OCR engines that are free source are TesseractOCR and EasyOCR. The EasyOCR
approach has been applied in this work to implement the plate number recognition. Although this application
uses OCR for license plate recognition, its primary usage is to handle document images captured by desktop
scanners. To the fact that the resolutions of scanned images give sufficient resolution, which can be used in
car plate recognition efficiently [19].

EasyOCR is an OCR library built on Python that extracts text from images. With over 40 languages,
it is an OCR that is ready to use. Before extracting the text, the library does certain pre-processing steps
(noise removal, gray scaling, and segmentation) within its library. The text is also recognized using the Craft
algorithm. In order to correctly discover text areas, the scene text detection system Craft investigates each
character and converges among characters. Figure 4 shows the EasyOCR structure.
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Figure 4. EasyOCR structure

Localizing individual character regions and connecting the newly discovered characters to a text
instance are the primary goals of Craft [20]. In the recognition model, convolutional recurrent neural network
(CRNN) is utilized. In charge of sequencing labeling are connectionist temporal classification (CTC) [21]
and long short-term memory (LSTM) [22]. In this scenario, unsegmented sequence data is labeled with RNN
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using the CTC. Since there are more than 40 languages (letters and digits) in the EasyOCR library system,
the library will assess how well the input image matches the character stored in the library's memory.

4. REAL TIME DETECTION

Real-time software applications are popular nowadays because they offer faster processing of
computer tasks, activities, and operations. A realtime application usually allows the user to perform several
tasks and activities at the same time while the application is running. Alternatively, real-time systems in a
computer allow multiple programs to execute concurrently, even if the user is only engaged with one
application or program. In a computer system, some of these applications are considered as system tasks,
developed specifically to do certain tasks, responding to the computer's time clock and producing results
even if they are not opened by the user. Real-time systems are those in which the system's precision is
determined by the time at which the result is produced including the ultimate result of computation [23].

Single stage methods they are employed for real-time object detection since, in general, they
sacrifice some accuracy for significant speed increases. In a single evaluation, a neural network can
immediately predict bounding boxes and class probabilities from entire images. The algorithms from the
family serve as the best examples of this category [24], [25]. The process of real-time detection shown in
Figure 5. The system will take the input first frame as image and detect the area of interest and localize it
then show the outout of the first frame and take the second frame doing same steps untill the video ends or
close the webcam. Using the system with real time video, as seen in Figure 6. with car in front of camera the
license plate detected correctly and when another car came front camera the result of recognition of the
second car is added to results as shown in Figure 7 and so on if any numbers of car moving front camera.

Object detection
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Multiple images
per seconds

Real-time object
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Figure 5. Steps pf real time recognition
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Figure 7. Another example of working the system with real time
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5. RESULTS AND DISCUSSION

In this paper will explain the effects of angels and distances on system by try the system which two
diffrenet techniques (YOLO and cascade classifier) with diffrenet distances and angels and measure the
accuracy in each case and discuss the results. So, the results will change according to the movements of the
location of camera. The difference of angels and distances may affect the accuracy of system so have to study
this effects as will show in this section.

5.1. Direct location

In the setup shown in Figure 8, the camera will be in front of the car as shown in the figure and will
measure the accuracy when the distance between camera and car changes from 1 meter to 10 meters. The
distance (a-b) shown in Figure 8 will changes by 1 meter till reaches 10 meters. The input of system will be
the image of car shown in Figure 9 and the system will extract the license plate then read it as shown in
Figure 9. In Figure 9, are some examples of how the system will read the images.

2-E51002— e |

{121-E 51092

[
|4

21 E 51092

a|

CascadeClassifier]

——

“MHO1AV8866,

> ® g
, - \
L —— ]
V) Y

CascadeClassifiers*MHO 1A Y8866 MHO 1A78866

W Dy

L]

1

Figure 9. Some exampels of results

5.1.1. Using YOLO with direct location

When using YOLO with the front license plate of car, image at each meter distance between camera
and car. The results of 10 images are clear at Figure 10 with x-axis represent the distance and the y-axis
represents accuracy noticed that efficiency is high and near to 100% until 6 meters after that the system
becomes can't detect the number correctly. In this paper will change the input images and apply the system to
see what will affect the results. as shown in Figure 10, the results will be affected with changes the distances.
In near distances (from 1 meter to 6 meters) the results are excellent but at far distances
(6 meters to 10 meters) the results will be not good.

5.1.2. Using cascade classifier with direct location

When using cascade classifier that depends on HaarCascade to detect the license plate the results
will be as shown in Figure 11. It's clear to say that the result less accuracy compared with YOLO but it still
detects correctly even over 6 meters. The advantage of this algorithm that can detect the license plate
correctly even at far distances. The accuracy near 75% so there is a clear difference between this case and the
previous case.
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5.2. Results with 20 angle difference

To analysis, the effect of parallax the camera-positing angle will be changed. Measure the accuracies
again in the case of angle 20 between the camera and car, also will change the distances in constant angle.
After fixing the angle of the camera, the camera will move away from the car by one meter, until it reaches
10 meters, as the distance between the camera and the car and apply the system with two algorithms and
compare the results.
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Figure 10. Curve of results with direct location using ~ Figure 11. Curve of results with direct location using
YOLO cascade classifier

5.2.1. YOLO with angle 20

When using YOLO with an angle 20 between the camera and car and different distances from 1 to
10 meters the result be as shown in Figure 12 the results has been too similar to result at direct location, the
system can detect the license plate till 6 meters. After fixing the angle of the camera at 20, the camera will
move away from the car by one meter, until it reaches 10 meters, as the distance between the camera and the
car. In near distances (from 1 meter to 6 meters) the results are excellent but at far distances (6 meters to 10
meters) the results will be not good.

5.2.2. HaarCascade with angle 20

When using cascade classifier with angle 20 different between car and camera. The results be as
shown in Figure 13 the system cannot detect correctly but in the far distances the system will be able to
detect, at far distances, the camera can see the all license plate clearly the effect of slope will decrease. After
fixing the angle of the camera, the camera will move away from the car by one meter, until it reaches 10
meters, as the distance between the camera and the car. The system in this case according to parallax effect
will detect the license plate only at far distances.
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Figure 12. curve of results with angle 20 using Figure 13. Curve of results with angle 20 using
YOLO cascade classifier
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6. CONCLUSION

In this paper, we created a system for automatically detecting and recognizing license plates.
Designing such systems may benefit from incorporating Raspberry Pi, image processing, and machine
learning. The license plate was sent to the EasyOCR engine for recognition after being discovered by the
YOLO method. Because EasyOCR is less complicated, using it makes detection simpler. In this paper, will
study the influence of parallax visual effect in the license plate number recognition system has been analyzed
by changes the position of camera movement will cause a dramatic change on the result of detection
accuracy. Changes the camera position with distances and angles. When compared to earlier strategies, which
were insufficient under the same circumstances, the new method generated encouraging results with 99%
accuracy for close ranges.
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