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Abstract— Four-wheel vehicle requires a wider space so the
driver must surround the parking area to get a parking spot. In
this final project will be implemented smart parking system with
car parking availability detection based digital image processing
and Raspberry pi. Enter the data from usb camera in the form of
a model and then made the conversion RGB image into grayscale
color then performed thresholding to produce binary image
output to be sent to the server via a LAN. The image processing
system using the Canny edge detection. Based on tests performed
gained an average percentage of data consistency in detecting
signs of the triangle by 83 333% and the system's success in
ensuring that the information obtained in accordance with the
database on the server data on Raspberry pi has a percentage of
92%. Time computing system in detecting three marks reaching
46.8 ms, the detection of two marks for 36.1 ms, and the detection
of a sign that is 33.2 ms. Different light conditions affect the
stability of the system in detecting signs. Stable system in
detecting the mark on the light intensity value range of 6000 -
4000 luxmeter.

keywords - Digital image processing, Raspberry pi, Local Area
Network, Canny edge detetction, availability of parking.

|.INTRODUCTION

Based on data from the Traffic Police Corps of the
Republic of Indonesia increase in the number of cars rose 11%
course this will lead to problems in finding an empty parking
space [1]. On campus parking lot is usually the driver must find
their own parking area is empty, the driver must revolve
parking in advance if the location of the car park is very
spacious. Such problems can be avoided if the driver has to
know the condition of the empty parking area. Seeing the
problems that have been presented, the authors intend to make
"Implementation of smart parking system in Telkom
University; Digital image processing subsystem and Raspberry
pi ". This parking system is expected to help the driver or the
outdoor car park in order to get a proper parking area and
should not be circling looking for parking space is empty.

This study aims untuk.mendeteksi mark on the slot parking
area in order to provide information to the user about the
availability of parking slots are empty. Usb camera is placed on
the parking location with a height and a certain angle in order
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to reach the parking slots in accordance with the display on the
monitor connected to the Raspberry Pi. At each slot parking lot
made a sign that would be a sign of image acquisition. To find
out a parking area there is a vacant parking slot which can be
done by putting a camera that can detect signs of the parking
slot. Sign at a parking slot can be detected by performing
image processing on the captured digital camera is connected
Raspberry pi as embedded systems. Delivery of data via Local
Area Network (LAN) and then the server sends an empty
parking slot information to the driver via the android based
smartphone which has installed smart parking applications.

Il. RELATED WORK

A. Smart Parking System

Smart system means the system which is smart, smart has a
sense of being able to do something well, organized and tidy in
accordance with applicable rules, and be able to absorb
information better and faster as a result of a study carried out
by the system. Smart parking system is or is part of a smart city
that is set in terms of governance of the parking area so that a
more orderly and efficient [8]. In this study the management of
the parking area is intended to provide information to motorists
about the availability of parking in a parking area in a campus.

B. Citra RGB

Each pixel in an image has a specific color which is a
combination of three colors: red, green, blue is often called
RGB image. If there is a color other than it is the result of the
combination of colors of the three colors. Each primary color
has a value range between 0 to 1505. In this way will be
obtained as mixed color 1506x1506x1506 = 16777216 kinds of
colors and each pixel requires 3 bytes. [2]

C. Citra Grayscale

Grayscale image is an image that has a range of shades
between black (minimum) and white (maximum). The
maximum number of colors in accordance with a bit of storage
used. If the 4-bit gray scale, the number of possibilities is 24 =
16 colors, with the possibility of color 0 (as a minimum) and
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15 (a maximum value). Intensity grayscale image data is
usually stored as 8 bit or 28 = 1506 gray color intensity of a
value of 0 (as the value of black) and 1505 (as a white color
value). While the value of gray in between. [2]

D. Citra Binary

Binary image is the image that each pixel only has a value
of 0 or 1 so that the color produced only in the form of black
and white. Binary image can be generated by the floating
process (thresholding).
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Fig 1. Representasi Black and White[2]
E. Digital Inage Processing

Image processing is image processing, in particular by
using a computer, the image of which has a better picture
quality.

F. Edge Detection

Edge is a change in the value of the degree of gray
intensity increased in a short time. The difference is this
intensity that reveals details on the image. Usually found on
the edge of the boundary between two different areas in an
image. Edges can be oriented in one direction, and this
direction is different depending on the change in intensity.
Edge characterizes the boundaries of the object to the process
of segmentation and identification of objects in the image.
Destination edge detection operations to improve the
appearance of the boundary line of an object that is in the
image. [9]

G. Computer Vision

Computer Vision can be said as a discipline that studies
how to reconstruct, interpret, and understand the 3D display of
2D in terms of the nature of the structure of the display.
Computer Vision can be said to mimic human vision using the
software and hardware on a computer that combines
knowledge in the field of computer science. [3]
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H. Algoritma Canny Edge Detection

START (membaca inputan
image)

GAUSSIAN SMOOTHING (noise
dihilangkan menggunakan filter
gaussian)

COMPUTE GRADIENTS
(menandai tepi yang memiliki
nilai maksimal)

NON MAXIMUM SUPRESSION
(hanya nilai lokal yang maksimal
yang harus ditandai sebagai
tepi)

il

HYSTRESIS THRESHOLDING
(tepi akhir ditentukan dengan
menekan semua tepi yang tidak
terhubung ke tepi yang memiliki
nilai maksimal)

END (input image akan
menghasilkan image berupa
ekstrasi tepi)

Fig 2. Canny Algorithm [10]
I. Raspberry pi

Raspberry pi image processing with a more economical and
technically smarter than doing interfacing system images on a
personal computer. Raspberry pi on using open source
software such as Linux which makes it more efficient and the
software can be downloaded for free. In the case of Raspberry
pi image processing will be easy to do and will be more
weight,

effective because it is lighter lower

consumption and efficient use. [4]

power

=
Fig 3. Raspberry pi

J. USB Camera

Fig 4. USB Camera Havit HV-V612
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I11. DESIGN OF SYSTEM
A. Description of System

In this system, the camera used to take pictures of the sign
on the parking slot then Raspberry pi perform digital image
processing with Canny edge detection method to obtain the
results of the detection of existing triangular mark on each
parking slot. In general design of the system in this final
project is as follows:
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Fig 5. Smart Parking System

Usb camera is placed in the parking area with a height and
a certain angle in order to reach the parking slots in
accordance with the display on the monitor connected to the
Raspberry pi. At each slot parking lot made his mark as a sign
that will be detected by the system. Sign will be given to each
slot parking lot that is a sign of a triangle. When the camera
did capture the area of the parking slot, the digital image
processing performed by the Raspberry pi and further image
data that has been processed to be sent to the server every
change of data. When the digital camera captures the image of
the triangle mark in a slot, the slot in the parking lot is empty,
but if it only captures some signs triangle or even not seen it
on the slots have been filled.

The output of the image processing on the Raspberry pi in
the form of a binary image is 1 and 0. The output results
provide information filled or empty in a parking slot and then
the results are sent to the server using a LAN cable and is
stored in a local database residing on the server. Data
transmission speeds of digital image processing results depend
on the speed detecting triangular mark on the captured image
of the parking lot

B. Definition of Ideal Parking

Ideal parking conditions referred to in this thesis which
includes some of the following:

1. Cars parked neatly fit a parking slot in the parking
area.

2. The parking area is used exclusively by car / four-
wheel vehicle.

3. There are no objects or trees blocking the camera did
capture the parking slot.
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4. The system will send a value of 1 to the server when
the camera detects the mark, and will send a value of
0 to a server when it does not detect the mark.

5. Asign on the closed parking slot all by car.

I INITIALIZATION CAMERA WITH

C. Design of System

EMBEDDED SYSTEM

SYSTEM?

USB CAMERA
TAKE PICTURE OF
PARKING AREA

:

LOAD IMAGE OF PARKING AREA‘

.

PREPROCESS OF IMAGE ]

DETECTED
TRIANGULAR ON
THE PARKING OR
NOT?

CONNECTED THE EMBEDDED
SYSTEM WITH SERVER

IS THERE
CONNECTED
NITH SERVER

SENT DATA

Fig 6. Flowchart of system
D. Spesification of System

The design specifications of the system used in this final
project, namely:

1. The camera can detect signs of the parking slot.
2. The use of the usb camera can detect signs so far

3. The image of a sign which is detected as input can be
processed by the system to generate output binary
image.

4. If the system detects a sign at a parking slot then it
will have a value of "1".

5. If the system does not detect a mark on a parking slot
for signs covered by the car in a parking slot, the
system will have a value of "0".
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6. The system can transmit the results of detection of H. Design Process of System

the camera to the server. On the software flow chart below shows that the system

7. The data communication between the camera detects  starts by pairing between the database server with Raspberry
a sign with the server using a LAN cable. pi then check the connections to make sure that the server can
perform data communication with the Raspberry pi.

E. Design and Implementation of Hardware Communication between the server and Raspberry pi is

Kamiara USB extremely important for the delivery of data when the data is

completed in the process. After doing a check connections

l Kabol data then the camera will capture a sign on the parking slot to be

uss - - .

DO S N Mfgig" _used as an input system, input data in the form of an RGB
image.

T T Then the image is converted to grayscale image and done

Mouse Kesbosd threshold in order to obtain the results of the image or the

. . image better. The next image processing is canny edge
Fig 7. Design of Hardware detection algorithm to determine whether there are signs in the

F. Data Input and Output parking slot. The output of the image processing in the form of
. a binary image, if there is a sign on the captured then it will

. The results of image capture performed by the camera  song the value "1" to the server otherwise if there are no signs
installed in the parking slot will be the input data on the smart it will send the value "0". Data will be stored on a MySQL

parking system is. Data output from this system in the form of  5ianase on the server. As in the flowchart below:
a binary image from the image processing. Data output will be

worth "1" and "0" is then sent to the server.
TABEL 1 DATA INPUT DAN OUTPUT

Pairing database
server

No. Data Data Keterangan
inpUt OUtpUt Capture the mark on
1. Citra 1 Terdeteksi o MysaL
RGB tanda
2. | Citra 0 Tidak terdeteksi
RGB tanda

Grayscale image
Threshold

Canny edge
detection

G. Design The Format of Data

The data format is needed in data communication in these
systems. Sending data to the server will be successful if the
data format on the Raspberry pi and MySQL database on the
same server. The following are examples fotmat form of data
used:

TABEL 2 DATA INPUT DAN OUTPUT

Format Data Keterangan

- slot_id : id for each parking slot based on the
parking area, for example:
status E001 = E (the parking area of the building E). ’ ———

001 (a parking slot number 001) l |

slot_id, time_log,

Sent “0" to server

- Time_log: a sensor totake pictures, for example:

example :
2015-03-14 03:06:55 (indicating the date and
E001, 2015-03- server
time)
14 03:06:55.1
Status: the status of the parking slot, for example:

1 for empty and 0 to contents Fig 8. Flowchart Process of System

I. Grayscale and Thresholding
Usb camera capture the image of the first converted in the
form of a grayscale image to facilitate image computing. Then
performed thresholding to produce binary image to be sent to
the server.
N&N Globa Technology 2015
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J. Canny Algorithm A. The Result Testing of Detection Signs

Citra/ gambar Filter Gaussian

Menghitung
besaran gradient &
gambar sudut

|

Nonmaximum
suppression

l

Tepi gambar | Deteksi tepi dan
N connection

Fig 9. The step of Canny Algorithm

Fig 10. The result of mark detection
TABEL 3 THE DETECTION OF SIGNS

IV. ANALYSIS
To determine the performance of the system that has been

designed and consistency of the data, it is necessary to test the Tput Lot of ,, Outut of .
. . i No . Condition . Description
system. The purpose of this test is as follows: (image) area Monitor
H H E003 Detected Go to area 3
1. Knowing the system perfo_rmance based on the consistency . De;eqed of 500 Detecied P yT—— Stable
of data when the camera did capture the mark. signs E001L Detected Gotoarea 1
2. Determine the influence of illumination on the test in the Detected of |—E003 Detected Go to arca 3
morning, afternoon, evening and night. | dsigns (002 i Detected | Gofomreal | Unsiable
3. Knowing the system performance by Accuracy Shipment Derecred of |_E003 Detected Go to area 3
data to the server whether the data in accordance with the 3 ?thgns° E002 Detected Gotoareal |  Stable
Raspberry pi incoming data on the database server. o Detected Goto area 1
. . . . . . . etected Go to area 2
4. Knowing the computing time in processing the input image. 4 Dfefﬂd of 002 Detected Go to area 3 Stable
- signs E001 Detected .
Detected of EQ003 Detected Go to area 3
5 1 siens E002 Detected Go to area 2 Unstable
5 E00L | Not detected -

Based on the table above it can be seen that the cameras
capture the image in the form of a sign in the slot area with the
detection results mark displayed on the monitor has no
constant percentage value of 16 667% of the data retrieval 150
times. If the sign is detected, the output on the monitor will
display the information entered area 1, 2 or 3 in accordance
with the parking slot where the detected mark. From the
results of data collection as much as 150 times there are 25
data is not constant or unstable, from observations of a
constant amount of data that is not directly proportional to the
number of marks detected. More and more signs are detected,
the more likelihood that the system is not constant in detecting
signs. So the value of consistency in data detection is done in
the amount of 83 333%.
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B. The Result Testing of Intensity of the light
TABEL 4 THE INNTENSITY OF LIGHT

. Description
No Time Luxmeter stability
p | Moming 600 6000 7 69.333%
(7-10 AM) e 23T
Afternoon
(10AM-2 | 7000 —9000 ux 60%
2 PM)
Aftemoon o
oD | s000- 6000z | 73333%
3 | Aftemoon | chnn 000k | 83333%
(3—5PM) 3 333
, Night Minimum 173 o
T . P 68%

Based upon the intensity of the light is very influential in
the process of detecting the mark on the area of the parking
slot. System with light intensity value range of 6000 - 4000
lux has a percentage value is not constant at 30 667%. Light
intensity with a value range of 7000 - 9000 lux, the percentage
value is not constant at 39 333%. Light intensity with a value
range of 8000 - 6000 lux, the percentage value is not constant
at 26 667%. At night the necessary light bulb that can light up
a sign at a parking slot so that the light intensity reaching 173
Ix with a presentation that is not a constant value of 32%.

C. The Reslut Testing of Accuracy Sent The Data
TABEL 5 SENT THE DATA

Input Lot of Output of Output of o
No (imige) area Raspa}:zn)erry Pi 55:1-'9)‘ Description

E003 Go to area 3 1

1 | Detected of 3 signs | E002 Go to area 2 1 True
E001 Gotoareal 1

2 | Detected of 1 signs | E001 - ] True

3 | Detected of 1 signs | E001 Go to area 1 1 True

4 | Detected of 2 signs | E002 ] True

5 | Detected of 2 signs Eggi - (1) False

6 | Detected of 1 signs | E003 Go to area 3 1 True

i

7 | Detected of 2 signs Egg; %Ztt?) a;rre:al’l i True

8 | Detected of 1 signs | E003 Go to area 3 0 True

9 | Detected of 1 signs | E001 - ] True

10 | Detected of 1 signs | E003 Gotoarea 3 1 True

Image detection input in the form of three marks, two
marks and a sign of the parking slot has an output
corresponding to the output server. Data shown on the server
only the data slot parking area changes. If there is data that
does not change but the output is displayed in the server error
occurs in the system. The system is said to successfully
perform data transmission if the detection mark on the
Raspberry pi and server have the same value or status. In this
test an error occurs or a data value that is not constant at 8%
and 92% in the value of the successful delivery of data as
much as 150 times.

D. The Result of Time Execution
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TABEL 6 TIME EXECUTION

o Average of
No | Description time detection
1 Deteksi 3 16.8 ms
tanda
)
o | Deteksi2 36.1 ms
tanda
3 Deteksi 1 332 ms
tanda

Based on the test results can be known when computing
system in detecting the mark on the area of the parking slot.
The average time required to process the image with the
detection of three marks are for a maximum time of 46.8 ms to
52 ms and 42 ms minimum time. On detection of two average
marks obtained in the computing time doing image processing
for a maximum time of 36.1 ms to 40 ms and 32 ms minimum
time. Then on the detection of the marks obtained by the
average computation time required for the maximum time of
33.2 ms to 32 ms and 36 ms minimum time. Analysis obtained
from these tests marks detected amount proportional to the
length of time computing in detecting signs. The more the
number sign is detected then the longer time required to
perform the mark detection computation.

V. CONCLUSION

Smart parking system with canny edge detection algorithm
can detect a mark on the outdoor parking area slot with value
stability success in detecting the data for 83 333% and
instability in detecting the mark by 16 667% based on 150
times for taking data. Effect of light intensity on the detection
of a mark on the outdoor parking area slot has five percentage
keberhasilam in detecting signs of the different conditions of
light intensity that is 69 333% of the light intensity of the
morning, 60% and 73 333% on the intensity of light during the
day, at an intensity of 83 333% afternoon light, and 68% in
light intensity night. Influence appears that the camera would
be difficult to detect signs. Intensity value range of 6000 - 4000
lux make the system stable enough in detecting signs. While
the intensity value range of 7000 - 9000 lux result in an
unstable system. Lighting is very small such as the condition of
the evening with a value of 3 lux may cause the system unable
to detect signs. Therefore, it needs to be installed lamp bulb
with a minimum value of 173 lux light intensity in order to
detect signs. Information on the results of image processing
Raspberry pi successfully sent to the server via a LAN cable.
Sending data only when the data changes the value of the mark
detection. The percentage of accuracy in data transmission is
92% based on 150 times the data retrieval. Signs at the slot
parking area successfully detected with a variety of computing
time when the system detects three signs, two signs and a sign.
The average computation time lasts for 46.8 ms upon detection
of three signs, the detection of two marks obtained in the
computing time doing image processing for 36.1 ms. Then,
upon detection of the sign computation time required for 33.2
ms.
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