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Abstract - This research offers a scheme of orientation system toward moving object in 3-dimensional space that
using Stereo Vision Camera. The system benefits in giving an alternative solution in projecting practically
without manual identification by conventional measuring device. The result of the projection in the system is in
the form of coordinate position information (X, y, z), the length, the width, and the height of the object detected.
The output displayed in the real-time digital image with 3-dimensional modeling. In the process of the object
identification, there was a stage when an image was converted from colored image to binary image. But the
conversion used the threshold method which was considered less efficient when an object moved. As
consequence, the new adaptive method in solving the problem was needed. Genetic Algorithm was proposed as
the optimization method because it was considered suitable with the emerging problems. In the optimization
process, genetic algorithm was in a task of searching process and determining the threshold value as the process
of creating binary image. The result shows an increased accuracy in the identification process after the system
had been optimized by the Genetic Algorithm (GA).
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I.  INTRODUCTION

Efficiency and optimization become priority in
technology development with no exception in the
digital image processing. Nowadays, the application
system of the image processing is commonly used for
various purposes, either in the industry or in daily life.
Hence, various methods are developed to maximize
the function of the image processing; one of them is

project an object in 3-dimensional space such as the
use of electronic sensor, radar, and camera [2]. In this
research, the method of using camera is selected to be
developed in case of the practicality in installation
and the better accuracy in identification. Therefore, it
is expected to give the more maximum result [3].

The identification using camera still has some
disadvantages such as the system often make a failure

the development of orientation system toward moving
object using camera in 3-dimensional space.

The orientation system using camera in 3-
dimensional space is an alternative solution to obtain
the information of an object without manual
identification by using conventional measuring
devices such as a ruler or the like. The information
requested is the characteristics or the identities of the
object which consist of colors, shapes, sizes, and
positions [1]. There are some methods can be used to
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or error in defining object. The failures caused by
many factors, starting from the lack of lighting, the
similarity with the objects around, the changing object
position, to the different points of view that
sometimes causing the difficulty of the system to
recognize the object properly [4]. Thus, optimization
is needed to increase the accuracy in the identification
process.

The optimization in this research is an aim to
increase the accuracy in the identification process by
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optimizing the searching process and determining the
threshold value in the binary image process. The
Genetic Algorithm is proposed as the optimization
method that is able to provide the efficiency in the
optimization solution. The Genetic Algorithm is the
adaptive method commonly used to solve the
searching value in the optimization problem [5]. In
this research, the Genetic Algorithm acted as the
fastest method to determine the threshold value in the
digital image analysis.

The designing system in this research uses stereo
vision method in the image retrieval process. The
stereo vision itself is the placement of two parallel
cameras in which separated by a distance as human
eyes [6]. This method was used as the input for the
next process namely the identification process using
the image processing method. The processing image
in this research is a part of the Automatic Object
Identification process or better known as Computer
Vision.

Computer Vision is a method that includes
obtaining, processing, analyzing, and understanding
visual data such as picture and video. The main
purpose of the Computer Vision in this research is a
computer or a machine that be able to mimic the
perceptual abilities of human eye and brain to define
object clearly [7]. Some important functions which
contained in the computer vision in the processing
image are image acquisition, image analysis, image
processing and image understanding [8]. Thus, the
use of the Computer Vision as a method for
processing image and genetic algorithm as an
optimization method allows it to provide accurate
information in projecting the form of an object.

II. RESEARCHMETHOD

The Basic concept in this research is to optimize
the system in projecting moving object in 3-
dimensional space which is the output of the
projecting system in the form of information of 3-
dimensional coordinate position as the length, the
width, and the height of the object detected. The
output displayed in the real-time digital image display
with  3-dimensional modeling display. The
optimization was processed during the finding process
and the determination of the threshold value to
process the binary image. In detection process, it was
used to minimize the errors in recognizing and
projecting an object.

The hardware and the software that were used in
the processing image are Personal Computer (PC)
with Phyton programming language and Library
OpenCV. The system design applied in this research
was divided into 5 main parts; those are image
retrieval process, identification process, optimization
process, position determining process, and 3-
dimensional modeling process. The system diagram
in this research can be seen in Fig.1.
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Fig.1. The System Diagram

The stages carried out to achieve the expected
results in this research are described in more details as
follows:

A. Image Retrieval

The initial process of the research was entering an
input to the system in form of digital image. The
digital image retrieval method used was stereo vision.
Stereo vision is the image retrieval method in which
using two cameras that placed parallel in certain
distance. The aim of the method is to mimic the way
human eyes work which can see an object in its
entirety. This was possible because the two cameras
had different points of view in interpreting the shape
of an object [9]. The use of stereo vision in this
research aims to support the identification process in
the process of achieving the depth impression value of
an object in 3-dimensional space by X, y, and z. Then,
the values were used as reference to determine the
real position, the length, the width, and the height.
The image retrieval process used the stereo vision
method which was designed using two webcams with
a resolution of 640 x 480 pixel which were placed
parallel in a distance of 10 cm and a height of 22 cm
above floor level and also a slope angle of 45°, while
the object to be identified was a beam with a length of
24 cm and a width of 4.5 cm as shown in Fig.2.

F

Fig.2. The Design of Stereo Vision Camera. (a) The Front View
Camera, (b) The Sideways View Camera

The output of the stereo vision camera was two
RGB images with a resolution of 640x480 pixels from
each camera (left and right). The output is shown in
Fig.3.

Left camera Right camera

Fig.3. RGB Images Were Taken by Stereo Vision Camera
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Before the image retrieved, the two cameras were
calibrated to determine the intrinsic of each camera
which later would become a parameter in the process
of positioning object in 3-dimensional space. The
stereo vision calibration process was done using a
chessboard by utilizing the library that had been
provided in the OpenCV program. The flow diagram
of the calibration process can be seen in Fig.5. Data
obtained from the calibration process were focal
length (f) and coordinate system (u,v).

Fig.4. The Chessboard Pattern that Was Used for Calibration
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Fig.5. The Flow Diagram Calibration of Stereo Vision Camera

B. Object Identification

The object identification process in first step was
converting the colored image (RGB) obtained from
the image retrieval process into an image of Hue,
Saturation, Value (HSV). This process was done
because the threshold result that was obtained on
HSV image was better than the result obtained by
threshold process on RGB image [10]. The
conversion from RGB into HSV used OpenCV image
processing program based on the following equation:

V = Max (r,g,b) (1)

0, if V=0
S= 1_Min(‘:,g,b)’v>0 (2)
0, if S=0
. e, ifV=r 3
“leox 2+ ZL, ifv=g )
60+ [4+ =2, ifv=b

After an RGB image was converted into a HSV
image, the next step was to convert HSV image into a
binary image. Binary image was needed to reinforce
the shape of the object against the background in a 2-
dimensional scene for easy identification. Binary
image consists of only two colors, black and white,
which black represents an object and white represents
the background. The process of converting HSV
images into binary images was done using an image
processing program by utilizing Library OpenCV.
The converting process of the flow diagram from
HSV image into binary image is shown in Fig.6.

Image (m x n)
pixel HSW (x,y)
T
¥
Conversion to
Grayscale

X+1, y+1

Threshold

Gray{xy} 0 |
I I

No

| Gra\.r

X+1, y+1

Binary image
lxy)
Finish

Fig.6. The Converting Process of the Flow Diagram from HSV
Image Into Binary Image

By the program that had been built, it generated a
feature in the form of trackbar which was functioned
to adjust high and low values on HSV image in order
to produce binary image manually. The range of
values in HSV image ranged from 0.0.0 (minimum) —
179.255.255 (maximum). The display of the trackbar
feature used is shown in Fig.7.

188
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Fig.7. Trackbar Feature.

On the trackbar feature, the HSV value setting
was obtained as follows:

Table 1. HSV Value for Threshold.

HSV Value
H low 23
H high 178
S low 110
S high 255
V low 144
V high 255

From the setting of the HSV wvalue, the binary
image generated as shown in Fig.8.

L] Threshold_HSV

Fig.8. The Changing Result from HSV Image Into Binary Image

The use of the trackbar feature might be
conducted if the object was in a stationary state with
constant lighting and this was not possible if the
object moved in the real-time. The real-time motion
caused the threshold value to change along with the
motion of the object, so that the settings on the
trackbar feature continued to be set in every time the
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object moved. This changing caused the inefficient of
the system in the identification process.

C. Optimization

Based on the result of the object identification,
there was a problem in determining the threshold
value when the object moved in the real-time. So, the
optimization method was needed to overcome this
problem. Genetic algorithm was selected to be used as
an optimization method in determining the threshold
value. Genetic algorithm is an adaptive method that is
commonly used to solve the value research in the
optimization problem [11]. This algorithm is laid on
the genetic processes that exist in living things.
Genetic Algorithm uses an analogy of the natural
habits, natural selection, directly. In principle, Genetic
algorithm applies evolutionary method to produce
new individuals who are better than previous
individuals. The initial process of Genetic algorithm
is to make a selection process for each individual
based on his fitness value[12]. Individuals who pass
the selection process are individuals who have a
fitness value that reach predetermined standard value
and he will be in the process of interbreeding
(crossover) [13]. The process of interbreeding is by
which selected individual is mated with the other
selected individual to give birth in a better offspring
[14]. The working principle of the genetic algorithm
in the research is illustrated in Fig.9.

Population
] | [m] |
mmmnn
DEEOEN 1
L
rossover

1

I Evaluation I-I

Fig.9. The Working Principle of the Genetic Algorithm

Selection I

Based on Fig.9, the operating stages of the genetic
algorithm in this research are elucidated as follows:

a) Population Initialization

The initial process in genetic operation was
population initialization. The population was
generated by classifying several selected
chromosomes randomly. In this research, the
number of chromosome consisted of 10
chromosomes with the threshold value that was
varied between 0-255 as shown in Table 2.

Table 2. The Initial Population

Chromosome Threshold (0-255)
Chromosome 1 7
Chromosome 2 19
Chromosome 3 42

https://doi.org/10.20895/infotel.v10i4.408
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Chromosome Threshold (0-255)
Chromosome 4 78
Chromosome 5 104
Chromosome 6 133
Chromosome 7 183
Chromosome 8 202
Chromosome9 239
Chromosome 10 250

b) Evaluation of the Function of the Fitness

The fitness value was used to determine the
binary image in the threshold process. If the
fitness value of an individual reaches 1 or close
than the pixel will be converted into black, and
vice versa if it does not reach the value of 1 then
the pixel will be converted into white. To calculate
the fitness value used the following formula:

. -y r
Fitness = {Z n-1c¢;(g4.9;+1) @

i-1 1000

Tf = X F, K = 1,23 popsize (5)

c) Selection

Selection was applied to a chromosome scale
that was intended to select others that were
considered not being needed. This elimination
system used two variables, namely Elimination
Threshold and Fitness Value. If the chromosome
has similarities with other chromosomes, the
chromosomes that are considered less productive
will be eliminated. By this stage, it produced two
chromosomes that considered as the best. The
following are the equations from the elimination
threshold calculation:

Zi: inerslsvaue i
AT x ==L (6)

Where:
n = Chromosoome number
AVT = Average Tolerance

d) Crossover

Two chromosomes obtained from the selection
were used as sires to produce one new breed. The
method used for crossover was one cut point
Crossover.

e) Mutation

The mutation process was made to reshape the
missing chromosomes in the selection process and
combined them with the crossover chromosomes
to make a new population.
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D. Positioning

After the identification process complete, the next
process was to determine the position, the side size,
and the 3-dimensinal space coordinate of the object
detected by looking for the value of x, y, and z. The
first process was to define two axes that were
mutually perpendicular to each other, and were at the
same field (x, y field). The horizontal axis was
labeled x, and the vertical axis was labeled y. The
other axis was labeled z as shown in Fig.10.

z

> Y

X

Fig.10. Coordinate Patterns in 3-Dimensional Space

To determine the 3-dimensional coordinate, the
method of the Principal of distance measurement was
used; so that the z coordinate (the distance of the
object to the camera) could be calculated using the
following equation [11].

L

Dz= —~+ 7)

tanP;+tanPp

Where:
Dz = z coordinate.
L =The distance between the two cameras.
P, = The angle between the optical axis in a
straight line of left camera toward the object.
Pr = The angle between the optical axis in a
straight line of right camera toward the object.

The process of positioning can be seen in detail in
Fig.11.
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Fig.11.The Geometric Relationship to Measure the Distance of

the Object to the Camera
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The angle of P; and the angle of Pz were known
through the following equation:

P=tan™? u;—p (8)

P=tan! V;—p )

Where :
u; = Camera center point (x coordinate).
v; = Camera center point (y coordinate).
p = Pixel size.
F =Focal length camera.

Therefore, z coordinate (the distance of the object
to the camera) was identified using the following
equation:

2
Dinia =\E D’ + (tan?P, + tan®P,+2)— = (4) (10)

After the z coordinate was known, then looking
for the x and y coordinate which were the vertical and
the horizontal distance of the object to the camera
used the same triangle equation as follows:

a
X =

vt E13;
Y ;*V

y=7 (14)

Where :
z =The distance of the object to camera
f =Focal length camera.
u = The object position that was caught on x
axis.
v = The object position that was caught on y
axis.

E. 3-Dimensional Modeling

The Next process was creating 3-dimensional
object. At this stage, the 2-dimensional scene as the
result of threshold was converted into 3-dimensional
space in order to be able to interpret the actual shape
by giving a line-edge to each edge in a purpose to
make the object in 3-dimensional looked. The edge
part determination used Canny Edge Detection
method. Canny Edge Detection method is a method
used to detect edges with a Convolution approach
toward the matrix image function and Gaussian
operator [15]. The process of Canny Edge Detection
was built using the library that had already available
in the OpenCV program. The result of the Canny
Edge Detection can be seen in Fig.12.
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Fig.12. The Canny Edge Result.

III. RESULT

A. Identification Results

The experiment was conducted using a white
beam-shaped object with a length of 24 c¢cm and a
width of 4.5 cm of several positions (moving). The
result obtained after testing the system that had not
been optimized can be seen in Fig.13.

Bright Light Dim Light

Fig.13. The Result of the Object Detection Before the Optimization.

Retesting was conducted toward the system that
had been optimized by Genetic Algorithm. The result
obtained can be seen in Fig.14.

Bright Light Dim Light

Fig.14. The Result of the Object Detection after the Optimization

The comparison results of the accuracy of the not
optimized system and the optimized system are

shown in Fig.15 and Fig.16.
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Object detected

Bright Light 9962 pixel

Dim Light 7888 pixel

Normal Light 13485 pixel

5.000 7.000 9.000 11.000 13.000 15.000 17.000 19.000

*The total pixel on the image: 81.926 pixels

Fig.15. Before the Optimization.

Object detected 4 b k

Fig.18. The Data Retrieval Process

Bright Light 13309 pixel
Dim Light 16249 pixel . .
After the testing several times, the results of the
average measurements made by the system can be
5000 7.000 9000 11000 13.000 15000 17.000 13.000 seen in Table 3.

Normal Light 16207 pixel

*The total pixel on the image: 81.926 pixels
Fig.16. After the Optimization. C. 3-Dimensional Modeling Results

o The interface result of the 3-dimensional model

B. Result of Positioning that had been made can be seen in Fig.19.
The test was conducted by put the object on the
camera view with the predetermined distance. The

data collection scheme can be seen in Fig.17.
10 cm

Kamera [N Kamera
Kiri l Kanan

n' Original

Fig.19. The Result of the 3D Modeling.

Fig.17. The Coordinate Data Retrieval Scheme

Table 3. The Result of Testing the Distance of the Camera to the Object.

Real Distance Testing
(cm) 1 2 3 4 5 6 Average Error (%)
40 47 49 44 47 47 45 47 17,5
60 62 64 64 63 63 63 63 5
80 81 81 79 79 83 79 79 1,25
100 109 100 98 107 98 97 98 2
120 117 118 121 118 122 120 118 1,67
140 134 137 135 134 141 144 134 4,29
160 151 155 152 156 154 151 151 5,63
180 164 166 168 170 166 167 166 7,78
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IV. DISCUSSION

The orientation system optimization toward
moving object in 3-dimensional space was projected
using operational computer vision. The hardware used
in this research:

1. Stereo vision camera

2. Personal computer (PC)
- Microsoft Windows 10, 64 bit
- Intel core i5
- 8 GBRAM

Meanwhile, the software used:

1. OpenCV of 3.4.1 version
2.  Microsoft Visual Studio of 2017 version

A. Object dentification and Optimization

The test was conducted in a room in bright light
condition, dim light condition, and normal light
condition. There was a difference in accuracy of the
system that had not been optimized and the system
that has been optimized by Genetic Algorithm. In the
system that had not been optimized (Fig.13), the
result obtained was not in a maximum result. Some
sides of the object became dark because they were
blocked and caused dark parts to be detected as
background so that the whole shape of the object was
not detected properly. While on the system that had
been optimized (Fig.14), it had better detection
accuracy than the system before the optimization.The
accuracy result of the object detection was achieved
by calculating the average of increasing pixels in the
system by before and after the optimization; the
result is shown in Fig.15 and Fig.16.

B. Positioning

In the Fig.18, the test was conducted to determine
whether the value of the coordinates (x,y,z) of the
object by the system obtained matched the value of
the coordinates of the actual object. According to the
results in the Table 2, the error value obtained is only
5.64 %.

C. 3-Dimensional modeling

The 3-dimension modelling was built by library in
the OpenCV program that was based on the result of
the operation of canny edge detection. In the Fig.18,
there are 3 rectangles; the first rectangle (green) was
formed based on the total area of the object detected
to display the coordinate object. The second rectangle
(red) was formed to detect the sides of the object to be
calculated in the length and the width. For the third
rectangle (blue) was formed to detect the sides of the
uncalculated object of the length and the width.
Giving the size values to the rectangles was based on
the results of positioning.

V. CONCLUSSION

Based on the result of the overall system testing, it
is concluded that the Genetic Algorithm can optimize
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the projection process of the moving object in 3-
dimensional space in the way of optimizing the
searching value of threshold in binary image forming
of the detection process. The result is validated from
the comparison of the system before and after the
optimization, in which the result of the optimized
system shows the level of accuracy of the truth in
detecting object is better with an average increase of
53.26 %. Whereas in the positioning process, the
result obtained is also quite good with an error value
of only 5.64 %. As for the factors that caused errors
are the distance of detection that approaches the
maximum distance, so that, the object is not detected

properly.
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