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APWiMob

WELCOME MESSAGE FROM GENERAL CHAIR OF APWIMoOB 2017

Welcome to APWiMob
2017, Bandung —
Indonesia

It is our great pleasure to invite you to attend the 2017 IEEE
Asia Pacific Conference on Wireless and Mobile (APWiMob
2017), which is the 4th of the consecutive series initiated in
2014 in Bali, followed in 2015 and 2016 in Bandung,.

APWiMob 2017 is international: papers have been submitted
not only from Asia-Pacific countries but also from America,
Europe and Africa. We cordially welcome you to APWiMob
2017. Besides, we would like to take this opportunity to take this
opportunity to express our sincere appreciation to the leading
scientists, session organizers and all contributors for their great
help and valuable supports to APWiMob 2017. Many thanks
also to the Technical Program Committee, the Organizing
Committee, and the International

Steering Committee as well as the sponsors, the IEEE Communications Society Chapter Indonesia, for
their efforts to bring all the participants an excellent technical program and an opportunity to spend a
pleasant time at the conference.

APWiMob 2017 provides an international forum for researchers, academicians, professionals, and
students from various engineering fields and with crossdisciplinary interests in wireless
communications and mobile technologies, networks, services, and applications to interact and
disseminate information on the latest developments. It is expected that the attendees will bring many
benefits to the scientific and technological development for all countries and to formation of new
international cooperation and strengthening of established international collaborations. The committee
is doing its best effort for the inclusion of the conference proceedings to the IEEE Xplore Data Base.
The presentations of this conference will be accessible to a wider range of readers and will have
continual impact to this research field.

Bandung is the capital city of West Java Province. It is the historic site of the first university in
Indonesia. It is also popular place for leisure activities for people not only from Jakarta, the capital of
Indonesia, but also from Malaysia and Singapore thanks to its strategic location that is reachable by
railways, highways, as well as air plane. We hope all of attendees an enjoyable and memorable stay in
Bandung, Indonesia.

Best Regards,
Dr. Rina Pudji Astuti

Chair of APWiMob
2017
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WELCOME MESSAGE FROM TPC CHAIR OF APWIMoOB 2017

Dear Ladies and Gentleman,

It has always been a pleasure to host and to welcome
researchers, academics, practitioners, and students
from across national borders for a shared, prestigious
event like APWiMob 2017, the IEEE Asia Pacific
Conference on Wireless and Mobile 2017, in
Bandung, where the high qualified papers in wireless
communications and mobile technologies, networks,
services, and applications to interact and disseminate
information on the latest developments, will be
presented. The conference received 57 papers from
122 authors of 11 countries and through high
qualification of reviewing process and tight
registration process APWiMob 2017

will publish 25 papers from 71 authors of 6 countries with
high qualified papers.

The research in advanced information and communication technologies and services, and also
communications networks with advanced technologies are very important since it represents a great
achievement in topics of interest, which the best contributors coming from excellent laboratories and
schools throughout the world, precipitate to come and contribute their finest works. Therefore, this
conference will become the landmark for engineering society to express their thoughts and skills in
finding best algorithms or modern mathematical modeling for the future technology. Not only the high
qualified papers, the conference is supported by 2 distinguished experts in keynote sessions.

We would like to express special appreciation for 96 TPC members and reviewers that supported the review
process, thus enable us to present high qualified conference in communications technology.

We wish to express strong appreciation to our most important sponsors IEEE ComSoc Indonesia
Chapter. We are also blessed to have two distinguished Guest Speakers: Prof. Dr. Jan Martin
Pawlowski and Prof.Dr.Mustafa Mat. Deris. As always, many thanks are due to all members of
APWiMob 2017 committee for their dedication for making this conference a success. Above all, thank
you to all of you for coming to this conference.

We warmly invite you to taste Bandung food, walk its streets, and bring from Bandung some memorable
items that will keep your heart in touch with this historical and pleasant city of Bandung.

Best regards,
Dr. Muhammad Ary Murti

TPC Chair of APWiMob
2017

~IEEE
Comdoc
IEEE Communications Society
Indonesia Chapter




~IEEE
Comdoc
IEEE Communications Society
Indonesia Chapter

APWiMob

PROGRAM AT A
GLANCE

Tuesday, November 282017

NO Time Event
1 08:00-09:00 Registration Venue: BoardRoom Foyer, Trans Hotel
08:45-09:00 Safety Conduct
09:00-10:00 Opening Ceremony
09:10-09:20 Conference Report (Dr. Irfan Darmaan)
2 09:20-09:30 Welcoming Speech
09:30-09:50 Opening Remarks
09:50-10:00 Art Perfomance
Keynote Speech-1, Prof. Dr. Jan Martin Pawlowski (Business
3 10:00-10:20 Imformatlon Systems at the Ruhr West Unlv'er5|ty of Applied
Sciences and Research) Professor at the University of
Jyvaskyla, Finland
4 10:20-10:40 Keyno.te Speech-2, P.rof.Dr.Mustafa Mat. Deris (Universiti Tun
Hussein Onn Malaysia)
10:40-10:45 Paralel Session Announcement
5 10:45-11:00 Coffee Break
6 11:00-12:30 Paralel Session 1 - Paper Presentation (Room 4)
7 12:30-13:30 LUNCH
8 13:30-15:00 Paralel Session 2 - Paper Presentation (Room 4)
9 15:00-15:30 Coffee Break
10 15:30-17:00 Paralel Session 3 - Paper Presentation (Room 3&4)
Conference Gala Dinner
11 19:00-21.00 Best Paper Awards
Photo Session
Wednesday, November 29t 2017
12 08:00-end Tour
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KEYNOTE SESSION

Prof. Dr. Jan Martin Pawlowski
Institute of Computer Science Ruhr West University of
Applied Sciences Miilheim an der Ruhr, Germany

Born global innovation — towards sustainable, collaborative innovation processes across borders

How can we develop innovation in the global context? Can we find sustainable models for collaborative innovation across the
globe? These are the key questions for researchers and practitioners in enterprises and universities. The presentation will shed
light on current research trends and future challenges which can only be addressed on a global scale. Innovation is a key to
success of organizations and societies - different forms of innovation processes are suitable for different contexts such as frugal
innovation for less developed countries. In most cases, researchers and product developers compete for new products and faster
product lifecycles. However, innovation can be more fruitful for all, individuals, organizations and societies when executed in
a collaborative way. As a starting point, the presentation proposes a new form of innovation: born-global innovation. Born-
global innovation describes a partly open innovation process which aims at parallel innovation processes in different countries
and markets to increase time-to- market and outreach / scale of innovations. To successfully initiate these processes, trust
building and idea creation is a key. I will discuss the main barriers to born-global innovation as well as possible solutions and
future research issues.

Prof.Dr.Mustafa Mat. Deris
Universiti Tun Hussein Onn Malaysia

INFORMATION REDUCTION USING ROUGH SET THEORY AND CONDITIONAL ENTROPY

The growing size of data is a new challenge to discover knowledge in order to support the decision- making process. Another
important reason is that, to find rules to support the process of data classification based on users’ need is computationally
intensive. With the growing of data the information size becomes growing elsewhere. However, some information comprises
of redundant records/ elements that can be reduced in order to improve the efficiency of processing. Several techniques have
been proposed to reduce records only but not both records and attributes. The classical rough set theory has been used in
analyzing complete information systems, where all attribute values are available to all objects. With this capacity, the
presentation would like to propose an approach by means of rough set theory for record reduction and conditional entropy for
attribute reduction that can reduce the processing time, and at the same time does not jeopardize the accuracy of the decision
process. Another important issue is that some Information systems are incomplete where some attribute values are not available
or missing. Subsequently, the attribute selection is one of the main problems in incomplete information systems. Only few
studies were proposed for the attribute selection problem in incomplete information systems due to its complexities, specifically
on attribute selection. Thus, this is another challenge in order to come out a new technique/approach that would be able to solve
the issues.
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Prototype Implementation of Dual Laser 3D Scanner
System Using Cloud to Cloud Merging Method

Teguh Musaharpa G, Inung Wijayanto
School of Electrical Engineering
Telkom University
Bandung, Indonesia

teguhmusaharpa@gmail.com, iwijayanto @telkomuniversity.ac.id

Abstract—This research designed a three-dimensional (3D) laser
scanner using dual laser to scan object placed in a rotating table
with maximum dimension is 15 x 15 x 15 cm. Two lasers and
one camera are placed and positioned with certain calculation so
it can meet the requirements for triangulation technique. From
the scanning process, obtained two point clouds which needed to
be merged. We propose a new technique to obtain a good point
clouds merger. The merging process of the point clouds is done by
find the center of z axis as its overlap point then rotate one of the
point clouds with a corresponding direction. Merged point clouds
obtained by re-plotting the rotated point clouds to the other point
clouds.

I. INTRODUCTION

Three-dimensional (3D) scanner technology, also known as
real-scene copying technology, is a technology that can be used
to scan real 3D objects into digital 3D form. This technology
collects 3D object data called point clouds and converts it into
digital data form then it is processed by the computer to be
reconstructed to form a 3D model [1].

3D laser scanning developed during the last half of the 20th
century in an attempt to accurately recreate the surfaces of
various objects and places. The technology is especially helpful
in fields of research and design [2], [3].In general 3D scanner
technology is used to scan various objects in order to make
a copy or re-design. A variety of sectors use this technology,
such as the automotive part industry, architecture, 3D design,
creative industries and many more.

In the previous research, the design of 3D scanning system
acquired the coordinates of 3D object point clouds by using
triangulation method. With this method, the coordinates of the
point clouds are determined from the parameters involving the
laser light, the camera, and the angle formed by the laser light
and the camera [4].

Ahmed et al propose a technique to find a length of an object
by using dot shaped pointer [5]. This technique also used by
David et al to find the coordinate of point clouds. Using simple
trigonometric calculations, the method is able to read the point
clouds coordinates of the 3D object which captured by the
camera [4]. But in practice the 3D scanner system is still unable
to get whole surface of the object, especially when it is used to
scan a random object. This condition happened because there
are some blind spot so that the laser light is covered by the

978-1-5386-2373-2/17/$31.00 ©2017 IEEE

Sugondo Hadiyoso
School of Applied Science
Telkom University
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Camera

Fig. 1. Triangulation Method

object it self, so it can not be captured with the camera. In this
research we propose a new technique to solve the blind spot
problem. We use dual laser to capture blind spot area that can
not be reached by using one laser.

A. Triangulation Method

Triangulation method is a method to obtain the position of
the points on the line of laser lines that fall on the object
which put on the turntable. In this method the laser projector,
the laser beam point, and the camera are positioned to form a
triangle with each other. By knowing the distance between the
camera and the laser projector, as well as the angle of the laser
projector, the camera’s tilt angle can be determined through the
fall of the laser line beam on the camera image. These three
information can be used to determine the size and shape of the
triangle circuit and the position of the fall of the laser beam
point on the object. [6]

We designed a special condition in the rotating platform to
help determine the 3D point clouds coordinates. The turntable
placed right on the middle of camera’s frame is used to help
find the radius of the laser position. The radius is used to
determine the 3D point clouds coordinates [4]. It represents

36
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Fig. 2. Laser Light use to Determine 3D Point Clouds

the center of z axis which give information that the center of
turntable rotation is right in the middle of the camera’s frame.
This information will lead us to obtain an easy way to merge
some point clouds. In addition we have done some calibration
to make sure that we obtained the right information about the
center of z axis. Following is simplified formula to determine
2 and y coordinates.

x; = L * cos (6) (1)
y; = L *xsin (6) 2)

Variable L represent length from center of motor rotation to
the edge of laser point which has the highest threshold value.
By using variable L, the value of « and y can be obtained even
it’s not represent the real length value of the object. While for
the calculation of z coordinate points, it can use the location
value of each row pixel on the laser line contained in the 2-
dimensional frame of scanning results. Where the first pixel
row represents the value of z = —1 and the pixel line of the
n*” laser line is the value of z = —n [4].

B. Cloud to Cloud Merging Method

The cloud to cloud merging method is one of the methods
used to combine 3D point clouds scans. In this method, the
binding points used for merging process are obtained from the
recording object points. The requirements for this method to
make point clouds can be combined optimally, the point clouds
must have an overlap points between one point clouds with the
other [7]. In this research, the center of z axis of the object
becomes the reference of overlap between one point clouds
with the other. The z axis is represent the center of turntable
rotation.

Point clouds obtained from the results of the scanning
process using two lasers have different angle according to the
magnitude of the angle between the camera with laser 1 and
laser 2. The amount of angle between laser and camera that
has been adjusted is equal to 45°, thus total difference of angle
between scanned point clouds using laser 1 and 2 is 90°.

One point clouds obtained from scanning using these two
lasers needs to be rotated by 90° with a corresponding direction
to match each other so it can be directly combined without

978-1-5386-2373-2/17/$31.00 ©2017 IEEE 37
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Fig. 3. (a) Point Cloud 1, (b) Point Cloud 2, (c) Rotated Point Cloud 2, (d)
Merged Point Cloud 1 and 2

finding the overlap points. Equation 3 and 4 are used to rotate
the point clouds with rotary axis at center point (0,0) with turn
angle «. The value of « corresponds to the angle difference
between laser 1 and laser 2.

2’ = xcosa — ysina 3)
Yy = zsina + ycosa 4)

After obtaining two points clouds that corresponding each
other, then the merging process can be directly done by re-
plotting point clouds from one to the other point clouds. The
re-plotting process can be done from point clouds laser 1 to
point clouds laser 2 or vice versa.

II. SYSTEM DESIGN

In general the system designed in this research is a develop-
ment of previous system [4]. The use of dual lasers is to obtain
data from blank spot area that can not be reach if only use one
laser, so it can obtain more optimal digital form of the scanned
objects. The design of dual laser scanning system is shown in
the figure 4.

The process of converting 3D objects into digital form
through two major stages: scanning and reconstruction. In the
scanning process, the object is placed on a turn table that
has been integrated in the system. Two lasers and a camera
are placed in such a way so they meet the requirement of
triangulation method. The scanning process is done several
times in a stages accompanied by rotating turntable.

In reconstruction process, the results of scanning in the form
of images are transformed into point clouds form. It can be done
by doing segmentation process first to separate the laser light
that will be used as a reference to determine the point clouds.
Then point clouds that have been obtained are combined and
plotted into digital 3D form.
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Fig. 4. Dual Laser 3D Scanner System
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Fig. 5. Diagram Block of Hardware System

A. Hardware Design

The hardware used on the system includes personal com-
puter, micro-controller, lasers, camera, stepper driver and step-
per motor. All these components are integrated so they can run
the scanning system. The diagram block on figure 5 shown the
whole integrated hardware system.

In this research we use red line laser as light source. The
red laser is the most common from all the type of lasers,
the typical operation of most red lasers is between 635 670
nm. Because of how the human eye perceives frequencies and
wavelengths, 635 nm is relatively brighter of the red lasers.
Some manufacturers of red dot scope systems provide 630 nm
wavelengths and are generally brighter than most of the red
wavelength [8].

Object that being scanned is placed on the turntable which
consist of motor stepper and its driver. The driver used in
this research is A4988 motor stepper driver. This driver is a
complete micro stepping motor driver with built-in translator.
The driver output drive capacity of up to 35 V and 2 A. It
is designed to operate bipolar stepper motors in full-, half-,
quarter-, eighth-, and sixteenth-step modes [9].

B. Software Design

To process the image received from the camera, then it’s need
to build software system to perform signal processing. Signal
processing on the system includes segmentation stage, point
clouds determination and reconstruction of point clouds into
3D form. The software system design described in the figure
6.

In accordance with the objectives of the research, the flow
chart on figure 6 show the process of scanning objects with two
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Fig. 6. Software System Flow Chart

lasers. In one step, two pictures are taken by the camera in a
turn. The first image with condition only laser 1 is on, while
the second image with only laser 2 is on.

After the image obtained then the process is continued by
doing segmentation process to separate the laser beam and other
objects in the image. The author uses thresholding method to
segment the image. Mesko and Chmelar used laser line that has
characteristics of red color and high intensity. In this research
author took the reference of red laser that has Hue is (0, 70,
70) to (255, 255, 255) in O - 255 intensity level of RGB color
space. This range was then used as threshold to segment the red
laser line from the background. Pixels in the cropped images
whose intensity fall within both thresholds was then marked
with red color, otherwise it was a non-laser object and marked
with current image’s color [10]. The laser line obtained in the
image used as a reference to calculate the coordinate point and
determine the point clouds. The process is done 200 times or
as much as one full cycle.

After one full rotation, the point clouds that have been
obtained need to be combined to form a digital 3D object. The
center of z axis made as its reference point for combining the
point clouds. After all point clouds is merged, it is need to be
plotted in 3D graph so it can be seen in 3D form and represent
the scanned object.

III. RESULT AND ANALYSIS

System testing is done in a room with light intensity 14 lux
by using an object with a size of 10 x 10 x 15 cm. Testing done
several times until obtained the best result of 3D point clouds
as shown on figure 7. After obtained two point clouds, the next
step is merging process. This process done by rotating second
point clouds clockwise by 90° then re-plot it to the first point
clouds. The result of merging process shown on figure 8. After
scanning process complete, we obtained a merged of two point
clouds that consist of point clouds from laser 1 and laser 2.
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Fig. 7. (a) Object Sample, (b) Scanned Object use Laser 1, (c) Scanned Object
use Laser 2

Fig. 8. Merged Point Cloud

A. Scale Precision Parameter

The level of scale precision can be known by looking at
the difference between the ratio of the actual object and the
ratio of scanned 3D object. The smaller the ratio difference,
the higher precision level of the scanning result. In this test,
we use cubical shape object to know the ratio between length,
width and height of the object. Table 1 show the difference
ratio of an object and the level of its scale precision.

From table 1 we can get information that the ratio of
scanned 3D object and the original object has some differences.
The differences are caused by several errors during scanning
process. The placement of the laser and the determination center
of z axis are the most affecting parameters. When the placement
of laser is not exact in the middle of turntable and when

TABLE I
SCALE PRECISION FROM SCANNING RESULT
Object Original . Scan Result . Precision
Elerjnent Sizeg(cm) Ratio Size (pixel) Ratio Level
Length 10 1 732.13 1.02 98%
Width 10 1 720.14 1 100%
Height 10 1 710.25 0.98 98%
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Fig. 9. (a) Scanned Object use Single Laser 3D Scanner, (b) Scanned Object
use Dual Laser 3D Scanner

TABLE II
SAMPLE DATA COORDINATE X AND Y FROM POINT CLOUD 1 AND 2
z 1 z2 Y1 Y2
=301 | 190 | 183 | 212 | 208
=302 | 191 | 184 | 212 | 209
=303 | 191 | 185 | 212 | 209
=304 | 192 | 185 | 212 | 210
=305 | 192 | 185 | 214 | 211
=306 | 192 | 185 | 214 | 211
-307 | 193 | 186 | 216 | 212
-308 | 194 | 186 | 216 | 213
=309 | 194 | 186 | 217 | 213
-310 | 194 | 186 | 217 | 214

we determine wrong center of z axis, it made the laser line
which captured by camera shifted. This shifting influenced the
determination of point clouds coordinates.

B. Merging Accuracy

Merging process in this system has been solved the blind spot
problem as we mentioned before. Figure 9 shown the result of
scanning process using single laser and dual laser. We can see
that the blind spot on the result of scanning process using single
laser can be covered by using dual laser.

After the problem solved, we need to know the merging
accuracy to obtain the best result of scanning process. Merging
accuracy can be known by looking at the point clouds coordi-
nates of scanned object. When point clouds 1 and 2 merged,
then the result must be an overlap points of these two point
clouds.
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Fig. 10. (a) Merged Point Cloud Before Calibration, (b) Merged Point Cloud
After Calibration
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Table 2 show us that there are some differences coordinates
between point clouds 1 and 2. This is caused the merging
process not done correctly, the point is shifted instead of
overlap. As well as difference on scale precision parameter,
cause of this error is the wrong placement of the laser and bad
determination center of z axis.

When the placement of laser is not exact in the middle of
turntable and when we determine wrong center of z axis, it
made the laser line which captured by camera shifted. This
shifting influenced the determination of point clouds coordi-
nates, as well as the merging process. To prevent from data
error obtaining, we have to do some calibration to make sure
that the laser light placement is exact in the middle of turntable
and the center of z axis is determined correctly, and by doing
it the merging accuracy increased. Figure 9 show the merging
result before and after calibration.

IV. CONCLUSION

Dual laser 3D scanner built in this research is able to do
scanning process on the object with maximum size of 15 x
15 x 15 cm. The result is quite satisfying, it’s able to scan
an object and convert it into digital form with level of scale
precision approaching 98%. The accuracy of merging process
still needs to be improved, the detail calibration must be done
before scanning process to make sure that we obtaining the
right z, y and z coordinates of the point clouds.
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