Jurnal Rekayasa Elektrika Vol. 17, No. 3, September 2021, hal. 185-190

185

ISSN. 1412-4785; e-ISSN. 2252-620X, Terakreditasi RISTEKDIKTI No. 30/E/KPT/2018

DOI: 10.17529/jre.v17i3.21556

A Prototype of Parking Space Information System

based on Image Processing

Aaron Abel, Suci Aulia, Dadan Nur Ramadhan, and Sugondo Hadiyoso
Fakultas Ilmu Terapan, Universitas Telkom
J1. Telekomunikasi No. 1, Terusan Buah Batu, Bandung, 40257
e-mail: suciaulia@telkomuniversity.ac.id

Abstract—An automatic parking system has been proposed to make the car parking process more efficient in terms
of time and cost. The absence of information on the position of the parking lot makes the car driver take longer
to find it. In multi-story parking lots, officers cannot constantly monitor the available parking conditions directly,
so prospective parking users do not know the position of the open parking space. In addition, many parking lots
use automatic door latch, but no parking space information display. Parking system automation can be based on
hardware, software, or a combination of hardware and software. To the best of our knowledge, no software-based
framework is entirely used on this system. Therefore, this study proposes an automatic parking system based on
camera sensors and software, which is combined into an information system. The proposed method uses simple
morphological operations. Based on the test results, the detection accuracy achieved is 100% with a light intensity
of 3 lux, 15 lux, 30 lux, 60 lux, 120 lux, and 250 lux. The average processing time is 1.59 seconds. From this study,
it is hoped that this prototype can be tested on relevant environmental conditions so that the prototype can be
implemented in parking lots.
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Abstrak—Sistem parkir otomatis telah diusulkan untuk membuat proses parkir mobil lebih efisien dalam hal waktu
dan biaya. Tidak adanya informasi posisi ruang parkir yang kosong membuat pengemudi mobil membutuhkan
waktu lebih lama untuk mencari slot parkir. Pada lahan parkir bertingkat, petugas tidak dapat terus menerus
memantau kondisi parkir yang tersedia secara langsung, sehingga calon pengguna parkir tidak mengetahui posisi
lahan parkir yang kosong. Selain itu, banyak tempat parkir menggunakan gerendel pintu otomatis, tetapi tidak
ada tampilan informasi tempat parkir kosong yang tersedia di lokasi. Sistem parkir otomatis dapat didasarkan
pada perangkat keras, perangkat lunak, atau kombinasi perangkat keras dan perangkat lunak. Sejauh pengetahuan
kami, tidak ada framework sistem berbasis perangkat lunak yang sepenuhnya digunakan pada sistem ini. Oleh
karena itu, penelitian ini mengusulkan sistem parkir otomatis berbasis sensor kamera dan perangkat lunak yang
digabungkan menjadi sebuah sistem informasi. Metode yang diusulkan menggunakan operasi morfologi sederhana.
Berdasarkan hasil pengujian, akurasi pendeteksian yang dicapai adalah 100% dengan intensitas cahaya 3 lux, 15
lux, 30 lux, 60 lux, 120 lux, dan 250 lux serta waktu proses rata-rata 1,59 detik. Diharapkan prototipe ini dapat diuji
pada Kkondisi lingkungan yang relevan dan diimplementasikan di tempat parkir komersial.

Kata kunci: sistem parkir otomatis, sistem informasi, kamera, morfologi

. INTRODUCTION

In the study [7][8], a parking space information system

The number of vehicles in Indonesia has continued
to increase since 1949 - 2017 [1]. Based on these data, it
is predicted that this will continue to grow. The need for
parking space is increasing as the use of vehicles increases.
The parking space availability is also limited to a parking
space such as in universities, offices, hospitals, mall and
others[2-5]. Not knowing the available parking spaces'
position makes car drivers need more time to find empty
parking spaces. Often in multi-store parking lots, parking
attendants cannot always monitor the parking availability
conditions directly so that potential parking users do not
know the location of the available parking spaces[6].

based on image processing has been designed using
several methods such as morphological image processing
and image segmentation. Another study reported in [9] has
succeeded in proving eight parking spaces using Matlab
simulation. The output uses a graphical user interface
(GUI) and liquid crystal display (LCD), displaying the
available parking spaces, starting from empty parking
spaces to full parking spaces. In a study [10], a car parking
detection system was tested using image segmentation
for four days against different weather conditions and
obtained an average detection result of 98.7%. In a study
[11], a monocular vision system based on a parking space
recognition algorithm was tested so that the target position
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can be selected automatically. In that case, Hough transform
is used to detect parking lines. Another study by Ahad et al.
implemented a web-based system named "Park Easy" to
show car park occupancy [12]. Alam et al. implementing a
smart parking system as a parking occupancy information
system, but this system requires hardware sensors both
in the parking slot and in the car [13]. A similar study
by Azshwanth et al. proposed an automated car parking
system that requires the installation of hardware sensors
[14]. This system requires high installation costs because
sensors must be installed at every parking slot.

There is still a research gap that can be developed, that
is, building an integrated system that provides information
on parking spaces with low-cost resources, hardware
installation, and computing. Therefore, this study
proposes a parking space information system using digital
image processing with low-cost morphological operations.
This system is expected to accelerate providing parking
availability information in the form of images and parking
space positions to potential parking space users.

II.  PROPOSED SYSTEM

The general design of the proposed system is depicted
in Fig. 1. First, the image will be processed into a grayscale
image to simplify the computation and determination
of an image’s intensity. Then the grayscale image is
converted into an image using the thresholding method.
Morphological operations include closing, opening,
dilation, and erosion will modify the object's binary pixels
from the original image. The final processing stage is
object detection and parked objects calculation.
Information viewer will display the availability of parking
space and its position.

Details of image processing algorithm of this proposed
system are shown in Fig. 2. The captured images are RGB
images that have three channels, including: red, green and
blue. Then the color channels are separated. Each channel
is a gray image that has a different intensity based on the
channel. Each gray image is converted into a binary image
based on the threshold so that three binary images are
obtained. The images are added (combined) so that one
binary image is obtained. Furthermore, the binary image
will be processed by utilizing a dilation process which is
useful for expanding the object or structure.

Moreover, the image that has been dilated will go
through an erosion process to narrow the area. The image
that has been processed for dilation and erosion will be

Image Image Image Morphological
Acquisition Preprocessing > Segmentation Processing
Information Data Object
Systems Processing | Detection

Fig. 1. Proposed system design
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Fig. 2. The workflow of the proposed system

re-processed with the opening to fill in the holes and
closing to remove unwanted objects. The parking space
design is shown in Fig. 3, where the parking space has
a colored rectangular marker. The vehicles that parked in
the parking space will cover the marker. Then the image
processing will detect the yellow marker as an available
parking space.

Object detection is carried out by dividing the image
based on each parking space to retrieve data using specific
formulas. The data obtained will be processed, so that
information regarding the availability of parking spaces is
obtained. This information will be displayed as a system
output, as shown in Figure 4. Based on Fig. 4, the red color
indicates the parking space that has been filled by vehicles,
while the green color indicates an available parking space.
The hardware which is used in building system design is

Fig. 3. Yellow marker on the parking space.
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Fig. 4. Output display

as follows.

1. A personal computer with an Intel Core i13-4005U @
1.70GHz (4 CPUs) specified, 6 GB RAM, NVIDIA
GeForce 930M graphics card, Windows 10 64-bit
operating system.

2. A Logitech C270 High-definition web camera unit with
fixed focus settings, 60 © field of view, and 720p/301ps
resolution.

Meanwhile, the software used in building the system design

is MATLAB R2018b 64-bit. This system is simulated on a

miniature, which is scaled to 1: 60. If the original parking

space is 2.5m X 5.0m, then in this prototype, the parking

space is 4.2cm x 8.4cm, as shown in Fig. 5.

III. RESULTS AND DISCUSSION

This section describes the tests and analyzes carried out
on the realized system. The things that will be explained
are the design of parking space prototypes, testing the
accuracy of light intensity, testing the accuracy of vehicle
colors, testing the number of vehicles, testing processing
time, and testing noise resistance.

A. Testing the Effect of Light Intensity on Detection
Accuracy

In this scenario, the testing aims to see the effect of
light intensity on detection accuracy. Tests were carried
out ten times for each intensity, from the lowest light
intensity, 1 lux, to the brightest light intensity value. In the
space where there are no parking cars, the minimum light
intensity required is 3 lux, as shown in Fig. 6. For light
with an intensity of 1 and 2 lux, detecting space cannot be
done optimally.

Furthermore, testing is carried out on the condition
of the parking space filled with cars. Based on testing
with light intensity parameters using a lux meter with a
variation of 3 lux, 15 lux, 30 lux, 60 lux, 120 lux, and 240
lux. This test is carried out 30 times for each value of light
intensity. Figure 7 obtains an accuracy value of 100% at
all light intensities due to the excellent denoising results
and the final image after morphological image processing.

The difference in light intensity between 3 lux, 15 lux,
30 lux, 60 lux, 120 lux, and 240 lux, as shown in Fig. §,
gives different results. The markers do not produce square
shapes when the light intensity on 3 lux, 15 lux, and 30 lux
is the same as on 60 lux, 120 lux, and 240 lux.

However, detection can still be done so that it still provides

(b)

Fig. 5. (a) Miniaturization of parking space (b) hardware installation

100% accuracy. For optimal performance, 60 lux is the
minimum recommended intensity.

Testing the threshold value in the binary image
conversion process is also carried out to determine the
optimal threshold value. The test results in Table 1 show
that the best thresholding values for the red, green, and
blue channels are 0.1, 0.1, and 0.4, respectively. This value
provides information that there are vehicles, markers with

RGB Binary Marphological Output

Fig. 6. Detection of space marker at light intensity conditions of 3 Lux

100% 100% 100% 100% 100% 100%
100%
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0%
Jlux 15lux 30lux 60Ilux 120 lux 240 lux

Fig. 7. The results of the effect of light intensity on accuracy.
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Table 1. Threshold (Th) effect test results

No. Th. Th. Th. Binary image Note
Red Green Blue
1 0.1 0.1 0.1 m Marker blurs
|

&

il
=1
Marker blurs

Marker blurs

Clear marker
and car
(optimum
threshold)

Clear marker
and car

Clear marker
and car

Clear marker and
car, but there is
an increase in
noise

no holes, and less noise than other threshold compositions.

The adaptive threshold method is used to convert a
single intensity image to a binary image. The threshold for
each pixel uses the average intensity of the surrounding
pixels. Comparing the adaptive thresholding method
results and the thresholding method without the adaptive
approach can be seen in Figure 8. Based on this image,
the thresholding results on image A are more even than in
image B.

B. Testing Car Color Variations on Accuracy

In this scenario, the car used in the test has different

Fig. 8. (a) with adaptive threshold (B) without adaptive threshold
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Table 2. Detection accuracy based on vehicle color

No Color Acc.
1. Grey 100%
2. White 100%
3. Red 100%
4. Dark red 100%
S. Blue 100%
6. Green 100%
7. Brown 100%
8. Yellow 100%
9. Black 100%

colors. The vehicle’s tested colors were brown, yellow,
blue, green, dark red, red, gray, white, and black. Each car
was tested 10 times. This test aims to ascertain vehicles'
effect with the color mentioned above variations on the
marker when covered by these vehicles. Based on Table 2,
the percentage of accuracy for each color is 100%. After
the thresholding process, on several cars, as shown in
Table 3, namely gray vehicles, white vehicles, and brown
vehicles, only the edges are visible, which passes through
the thresholding process so that most of the cars appear
white. The morphological process can generate the vehicle
with only visible edges.

C. Testing of Time Processing

The processing time starts from the initial image
processing until it appears on the information board.
Processing time is calculated using the stopwatch timer
facility in Matlab. The test is carried out 10 times for each
vehicle that fills parking spaces ranging from one vehicle
to eight cars. Based on the results of testing the available
parking space information system's processing time with
a variation of the parking space filled with one vehicle to
eight vehicles each of 10 tests, the average processing time
is obtained as shown in Table 4. The average processing
time for parking spaces filled with one vehicle is the
longest average processing time, which is 1.64 seconds.
In contrast, the shortest average processing time is
parking spaces with 4 cars at 1.53 seconds. The variation
in the average that does not determine each vehicle's
processing time is a sign that the number of cars filling
parking spaces does not affect processing time. Result 8,
the average processing time is averaged again so that the
overall average value is 1.59 seconds, with the shortest
processing time is 1.43 seconds and the longest processing
time is 1.94 seconds. It means that the system will update
the information when a car is in/out in real-time with a
processing time of around one second.

D. Discussion
A real-time parking occupancy information system has

been implemented consisting of a camera, processing unit,
and information display. This system will detect a car's
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Table 3. Results of morphological operations based on color variations

No  Color morphology

1 Grey

3 Red
4 Dark
Red
5 Blue
6 Green

7 Brown

8  Yellow

9 Black

G D | S | G A jeub | &b | Gl )

presence in the parking area based on image processing
captured by the camera. A simple sign as a marker is made
on the parking ground to simplify the detection process.
The proposed system generates a detection accuracy of
100% and can show the available car slots through the

Table 4. Time processing

Number of cars

1 2 3 4 5 6 7 8
No Time Time Time Time Time Time Time Time
1 1,5386 16579 14800 1,5381 1,5482  1,5467 1,64170
1,61253 Bl 68 38 53 58 1 3
2 1,7281 | 1,5495 15382  1,6729 16679 | 1,5507 1,51031
1,730343 43 95 43 04 3 18 1
3 1,5916 16600 15009 1,5336 15048 | 1,6246 1,67821
1,543362 04 T4 18 98 63 L] 3
4 1,9330 16579 15163 1,3615 1,5619 | 1,5050 1,71477
1,691792 67 45 92 38 26 74 5]
5 1,9679 16440 15442 1,0562 1,5474 1,5856
1,742826 35 69 73 7 94 14 1,65219
6 1,5942 16044 15961 1,5531 1,5569 | 1,7654 1,50667
1,438504 35 36 35 38 88 44 2
T 1,5545  1,5592 14994 1,5540 14849 1,6387 1,61653
1,747015 82 19 32 31 41 94 1
] 1,6748 15520 17056 14574 15172 | 1,7339
1,677732 16 85 3 38 54 T2 1,48385
9 1,7335 15114 14851 1,3576 1,6981 | 1,6236 1,534683
1,671164 42 38 a8 95 54 94 4
10 1,5622  1,5396 14494 15232 16276 16250 1,94516
1,610739 45 58 86 08 41 46 2
Ave. 1,6124 15936 15325 1,53510 1,5715 1,6242 1,62982
1,6466007 02 48 75 03 47 42 4

user interface. Compared to the previous work presented
in studies [13-15], this system is lower cost and time in
installation because it does not require hardware on both
the car side and the parking slot. Another similar study as
reported in [16-20], has proposed a smart parking system
based on image processing using operation morphology.
The morphological method is mostly used in this system
by considering the computational cost but still able to
generate high accuracy. When compared with previous
similar studies, the proposed system in this work has been
simulated and analyzed at different light intensities, the
detection performance and the proposed system in this
work have been supported by a reliable display device.
This proposed system can save power resources;
however, the currently developed system cannot be
accessed online via a smartphone, so parking availability
can only be accessed in the parking area via a monitor
display. Moreover, this prototype system has not been
tested in an environment relevant to car size variations and
large parking areas. This experiment may require some
adjustments, such as placement and number of cameras.

IV. CONCLUSION

This study has succeeded in designing an available
parking space information system using image processing.
Based on the test results, the light intensity of 3 lux, 15
lux, 30 lux, 60 lux, 120 lux, and 240 lux resulted in a
percentage of accuracy of detection accuracy of 100%.
In the test scenario with variations in vehicle color, the
accuracy is 100%. The average total processing time is
1.59 seconds with the shortest processing time is 1.43
seconds, while the longest processing time is 1.94 seconds.
This study uses simple image processing techniques based
on morphology operation, including closing operations,
dilation operations, and opening operations. This study's
simulation is expected to be considered in real parking
applications when considering the low-cost installation,
computation, and fast processing. Since the proposed
system is still being tested on a prototype scale, it is
possible to adjust the camera installation's type and height
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if implemented in real conditions. Moreover, on the
application side, it is also possible for adjustments.
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