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Abstract

One automatic system for monitoring the presence of vehicles in a parking zone is an indispensable mean of an area
such as services building, institutions, and other organizations, which accommodated many vehicles. A tracking record
is the most important matter when the vehicle leaves the parking area. Manually, one parking officer will be needed
to do the job. However, when using such an automated parking system, then this officers' job can be replaced. The
vehicle license plate recording system is designed to use electronic-vision devices as a fundamental device for
detecting the presence of vehicle. Vehicle license plates are detected using a digital camera which captured by the
camera module on the Raspberry-Pi mini-pc microcontroller device, in addition to the detection of ultrasonic sensors
that capture the position of vehicle objects. The process of reading vehicle numbers in an intelligent system of artificial
neural networks to extracts each character of the license plate so that each number and letter can be recognized.
Meanwhile, the detection of the ultrasonic parking sensor is a complementary confirmation indicating the presence of
a vehicle object being monitored. The combination of solar power as the power supply for this automatic system is an
important set-up that makes the system'’s electricity able to run independently. This monitoring system is prepared to
help increase vehicle security automatically.

Keywords: character recognition; vehicle license plate; image processing; convolution neural network; solar
powered supply

1. Introduction

The design of license plate monitoring system includes some high technology of computation techniques that
has been used recently in many application or system, which concern of image or optical processing method and
classification. This software technologies can be loaded in one modern microcontroller, which plays important part as
a microcomputer, of a Raspberry Pi micro-pc so then some of devices such sensor, camera, leds, and dc motors would
be well controlled. Beside software and hardware implementation, the system will also to be supported by an efficient
supply power from a solar panel system.

1.1. Raspberry Pi with Camera Module

The software or programmed application in Raspberry Pi microcontroller commonly developed in Python
language program that has many of improved program library such image processing and artificial network for
classification procedures. This compact device has the ability of modern computer to process medium data so that a
digital camera can work well in this device system.(Ziemann, 2018)(Raspberry Pi Documentation - Raspberry Pi
Hardware, n.d.)

Figure 1. Raspberry Pi microcontroller.
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Another component of Raspberry Pi camera module in Figure 1 has a specification of 8 MP fixed-focus camera that
supports 1080p30, 720p60 and 480p90video modes, and image mode at a maximum resolution of 3280 x 2464
pixels.(Barsocchi et al., 2018)

1.2. Optical character recognition technology

The technology of optical character recognition has many usefulness when people being accessing through
documents conversions into computer data or text. Developers can use two principal of OCR algorithm, the matrix
comparison of image processed and feature extraction which decomposes lines of character image. OCR technology
is used to read the text included in an image, typically a handwritten or a printed document that has been captured or
scanned.(Darshan et al., 2015; Shu et al., 2022)

1.3. Digital Image processing
Digital image processing to support the character detection is by changing the color image to grayscale and
also the process of image edge detection that showed in Figure 2.
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Figure 2 (a) Bit grayscale pixels (b) Edge detection conversion

These two stages cannot be separated because it is usual that the image environment and condition consists of many
objects and colors, so they must be removed and only use shapes and background colors for this segment/part to be
not interfered with any other process to be used as character object recognition.(Maksimovic et al., 2021; Musaddid
et al., 2019)

1.4. Artificial neural network algorithm

The main process for recognizing license plate characters is the neural network algorithm (Shan, 2010; Sowmya
et al., 2020)(Ardiansyah et al., 2018). Neural network algorithms that are often used for character detection include
RBF (Radial Basis Function) and CNN (Convolutional Neural Network) (Ma & Zhang, 2021). If the two are compared,
the convolutional neural network algorithm as a derivative of the Deep Learning algorithm has a lower computational
speed, but the accuracy is quite high because it uses more layers of neurons.
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Figure 3. Deep learning network chart on visual recognition.
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RBF neural networks generally have 3 layers: an input layer, a hidden layer with a non-linear RBF activation function,
and an output layer shown in Figure 3. The input can be modeled as a vector of real numbers (x), while the output is
used as a scalar function (@) of the input vector, becoming an activation function:

W
o(x) = apl(|lx — «il])
i=1

Where N is the number of neurons in the hidden layer, c; is the middle vector for neuron i, and a; is the weight of
neuron i in the linear output neuron. So a function that depends only on the distance of the central vector must be
symmetric about that vector, so it is called the radial basis function.

1.5. Solar panel powered supply

A solar panel, or solar cells panel, or photo voltaic (PV) module or panel is the compound of some photo-
voltaic solar cells which sensitive to explosion of light, that common combined into rectangle device can be called PV
or solar array of the Figure 4a. The solar panel which exposed to sunlight will capture the light energy and then
converts into electrical energy to be used as power supply.

(@) (b)
Figure 4 (a) Solar Panel Sectional (b) VRLA battery / accumulator

The electric current can be stored in a battery to create a portable power system.(A’Ffan et al., 2022; Dallard et al.,
2017; Fraas et al., 2011; Thapa et al., 2019) The VRLA (Voltage Regulated Lead Acid) batteries in Figure 4b widely
compatible for a portable or remote powered system since this device lead cells component can be leave unmaintained
to work properly and it has adequate discharge capacity averagely for used by electronic devices.

2. Research Method

The purpose of this research is to build an accurate license plate monitoring system that can be independently
works by the solar panel powered supply DC electric. The importance of monitoring system more inevitable when the
system environment is unreliable to electricity.

2.1. Hardware design
The system is designed for situation seen in Figure 5 where the entrance and exit gates using only one door.

solar panel

Figure 5. Monitoring System Set-up
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Figure 6. Working Diagram of Monitoring System

The system work flow diagram can be shown in the Figure 6 where the system will continue to read the results of
camera detection in the identification process. If the ultrasonic sensor detects the presence of a vehicle that has passed,
then the system will re-identify from the new image capture of other license plate.
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Figure 7. Hardware Connection of Monitoring System

The battery capacity used is 7 Ah / 12 Volts with the assumption that 84 Watts of power is obtained per hour.
While the power consumption of the Raspberry Pi 3B + is 2.75 Watts (5 Volts x 0.55 Ampere).(Zubi et al., 2020)

2.2. Software design
The monitoring system software loaded in the raspberry pi microcontroller is organized into 3 process sections.

Character
Segmentation — recognition —  QOutput
(Neural Network)

Input Grayscale +
(Picture) Edge detection

Figure 4 Software Flow Chart

The first part is the process of converting the image to gray color and then processing edge detection to clarify the
difference in the image containing the character. This part is using software library OpenCV and also adds
implementation of noise reduction filtering. After that, the separation of each character obtained so that it can be
recognized in the Neural Network section as the testing data.(Ma & Zhang, 2021; Silva & Jung, 2020)(Wang et al.,
2021). The Neural Network section is inside of the software library PyTesseract with some data training modification.
(Smith, 2007; Tesseract OCR in Python with Pytesseract & OpenCV, n.d.; “Train Your Tesseract,” 2018)
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Figure 5. Character Data Set

The data set prepared for character recognition in the neural network for the classification process has enough of 20
training data each character preferably showed in Figure 5.

3. Result and Discussion

The research resulted from combined solar panel supply system and optical character recognition monitoring

system.
3.1. Power supply solar panel

The power supply stored in the VRLA battery is 8.4 Watts.

Table 1. Comparison of Battery Power with Raspberry Pi Power Consumption.

Time Battery power Current RPI power
08.00 8,40 0,87 4,35
09.00 6,72 1,20 6,00
10.00 6,72 1,02 5,10
11.00 5,04 1,06 5,30
12.00 5,04 1,10 5,50
13.00 5,04 1,09 5,45
14.00 5,04 1,14 5,70
15.00 6,72 1,02 5,10
Average 6,09 1,06 531
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Figure 8. Comparison Chart of Battery Power with Raspberry Pi Power Consumption

Power supply devices from solar panels and VRLA batteries look quite capable of supplying current to raspberry pi
devices where the average available power is 6.09 Watts while the raspberry pi power requirement is 5.31 Watts.
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3.2. Vehicle license plate character recognition
The first step for image processing is the conversion of gray images into black and white contours using an
edge detection process by using OpenCV library which resulted in Figure 9 below.

Y/, 4R W
Figure 9. Edge Detection Process

The convolutional neural network method of character recognition in this study has successfully recognized a number
of vehicle license plates from the data set that has been trained.

Table 2: Percentage of Character Recognition

Extract Character
No. Quantity  Percent  Quantity  Percent
1 48 96 45 90
2 47 94 42 84
3 43 86 40 80
4 45 90 41 82
5 46 92 41 82
6 45 90 44 88
7 49 98 47 94
8 48 96 46 92
9 50 100 48 96
10 50 100 48 96

A total of 50 vehicle license plates showed in Table 2 can be recognized with a maximum ratio of 100% and a
minimum ratio of 90% character extraction. Meanwhile, the recognition of each character has been successful up to a
maximum ratio of 96%.

Table 3. Vehicle Detection Distance

No. 1 2 3 4 5 6 7 8 9 10 Average
Distance  » 5 35 14 19 37 26 18 15 35 28 25
(meters)

And lastly by means of ultrasound sensor, the distance measurement for monitoring system was obtained at 2.5 meters
of average as noted in Table 3.

4. Conclusion

From the research that has been done, a vehicle license plate monitoring system which equipped with an
independent power supply from solar panels has been successfully build. This monitoring system can work with an
average vehicle number plate recognition rate of 98% up to an average distance of 2.5 m, and this system has helped
increase vehicle security automatically.
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