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Chapter 1

Introduction

1.1 Workplace Name and Location

1.1.1 Name in English

National Institute of Information and Communications Technology (NICT)

1.1.2 Name in Japanese

WMITITBUE AN (EHBEHERKE

1.1.3 Address

2-2-2 Hikaridai, Seika-cho, Soraku-gun, Kyoto, 619-0288, Japan

‘Kansai Science City (Seika-Nishikizu District) ToKyoto

hinh 0
Okawa Center KyoceraCorp. : Shinhoson
; Matsushita Electric Industrial Co, Ltd.
Shimadzu , :
\ [ [ keinernapeza  SekaC .

'I 4 Kansai Branchi of the

— !
. 5 gl National DietLibrary .

/ 2 Intemational Institub

\ < tor Bdvan Sl

& \(.RIT.E gawa 4 Yamadagawa
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COSMOGS 5 _B £ ¥
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To Gakuenmae To Sai ééjii

Figure 1.1 Map of NICT



1.2 About NICT

The National Institute of Information and Communications Technology (NICT), an
incorporated administrative agency, was established by merging the Communications Research
Laboratory (CRL), an incorporated administrative agency and the Telecommunications

Advancement Organization (TAO).

1.2.1 Mission

As the sole national research institute in the information and communication filed, we as
NICT will strive to advance national technologies and contribute to national policies in the field,
by promoting our own research and development and by cooperating with and supporting outside

parties.

1.2.2 Vision

NICT believes that the essential role of communications is to promote our mutual
understanding and to achieve better relations between people and people, people and society, and
between people and nature, by overcoming the various boundaries which may exit between
generation, nations, etc. NICT will make every effort to become a world leader in achieving to

realize this dream of universal communication.

1.2.3 Action Principles

1.2.3.1 Creating Technologies
NICT will undertake research and development by pursuing original

technologies, world-leading technologies, and technologies which should benefit society.

1.2.3.2 Contributions to Society
NICT will try to disseminate the results of our research throughout society by

utilizing every means and opportunity.



1.2.3.3 Devotion to Self-Improvement
NICT will exercise our maximum capacity or ability by acknowledging the importance of
our social responsibilities and devoting ourselves to self-improvement with a strong sense of

ethics and a spirit of independence.

1.3 Organization

NICT Headquarters is located in Tokyo and some research center office, are located all

over in Japan.

President

Vice Preside

- thyﬁcmw Institute
—r

Wireless Network Research Institute

 Network Security Research institute

Universal Communication Research Institute:

Advanced ICT Research Institute
e

Applied Electromagnetic Research Institute
Ap)

[ Audit Office

Figuel.2 NICT Organization Chart



1.4 Job Description
Position: Research Assistant
General tasks: Responsible for supporting the on-going development projects. Position

Measurement and Estimation using retro-directive scheme for near-flied

communication system.

1.5 Training Supervisor

Name: Dr. Bing Zhang

Position: Senior Researcher and Training Supervisor

1.6 Training Period

From July 8,2011 to November 3,2011 (4 months)

1.7 Research Objective
The objective of this project is to estimate the position of a device on a Two-Dimensional
Communication Sheet (2DC sheet) in order to concentrate on providing location-specific for

Location-specific Multimedia Services.

1.8 Expected Result
The expected result of this project is to precisely estimate the position of a device on a

Two-Dimension Communication Sheet.



Chapter 2

Applied Theories and Technologies

2.1 Introduction

To improve our daily life supported by improving the surrounding tool or furniture is a
fundamental step to do. For example, tables are very common and useful furniture. The table can
be improved by the new technology of epoch-making Two-Dimensional Communication (2DC).
The two-dimensional communication (2DC) is a novel physical form of communication that
utilizes the surface as a communication medium to provide both data and power transmission
services to the devices placed atop it. To enable 2DC to detect the position of sensor devices on
the 2D communication (2DC) sheet, NICT had proposed a simple and highly accurate position
identifying method that maps phase and power level differences measured at electrode array
corresponding to a pilot signal sent by device. In 2DC, a Two-Dimension Communication sheet
(2DC sheet) becomes the communication to propagate to carrier wave of device, which is placed
on the top of 2DC sheet. By adding position detection function to the 2DCS, the location specific
multimedia service can be realized that are beneficial in our daily life. The 2DC sheet is not just
establish a communication connection between 2 devices, but it also can provide other services
including power supply provision, high speed transmission, high security, estimation position of
the device, etc. Further the 2DC can also provide energy power transmission. Therefore, not only
the intelligent devices, such as notebook computers, smart phones, tablets, but also any hand-held
devices, such as cameras, hand-held game consoles, music players, can be wirelessly charge via

the 2DC sheet.

2.2 Related works

The concept of “Network Surface” was first proposed by Scott et al. [1] in October 1998
at the Laboratory for Communication Engineering, Cambridge University. The surface of a table
is covered with network surface, which provide network connectivity to specially augmented

object, when these object are physically placed on top of surface. When an object (e.g. smart-



phone, a notebook computer) connect, a handshaking protocol assign function such as data or
power transmission to the various conductive paths that are established.

Lifton and Paradiso have proposed Pushpin Computing system [2]. They use a surface
with pushpins and layered conductive sheets, where direct contact to conductive layers in the
board is used to obtain power. Networking is established locally via infrared and capacitive
coupling, with neighboring pushpins in a closed (about 10cm) range. The pins are required to be
close to each other, and network routing needs to be completely handled in a distributed fashion,
which increases the complexity a great deal for use a network in home environments. To envisage
high-speed networking capabilities, Laerhoven et al. proposes that the conductive layer can be

used as a bus network for pins [3].

2.3 Two-Dimension Communication System [4]

2D communication system sheet consists of two components: a 2DC sheet and a
connector. Figure 2.1 illustrates the basic structure of the 2DC sheet, which is composed of four
layers; solid conductive (S-) layer, dielectric (D-) layer, mesh conductive (M-) layer, and
protection (P-) layer. The conductive fabric is usually copper or aluminum, whereas the dielectric
material is polystyrene. The purpose of P-layer is to protect humans from directly coming in
contact with the M-layer. With this layered composition, an electromagnetic (EM) wave can be
confined within the 2DC sheet depending on the relative permittivity of the D-layer and the mesh
structure of the M-layer. When the frequency of EM is 2.4 GHz and the relative permittivity of
D-layer is 2.3, the inter-stripe distance and the stripe width of M-layer can be set to 7 mm and 1
mm respectively. However, the electromagnetic wave can still be seeped out from the surface of
the 2DC sheet. We called this phenomenon an “evanescent wave” (Figure 2.2). The evanescent
wave is formed when the electromagnetic wave inside the 2DC sheet is reflected off the surface.
The term “evanescent” means “tending to vanish”. This is because the intensity of evanescent
wave decays exponentially according to the distance from the surface of the 2DC sheet to the air.
Meanwhile, the connector is an antenna by which an electromagnetic wave is extracted from or

inserted into the 2DC sheet.



Top View

7mm
¥ > 1mm
Inter-Stripe T Stripe
Distance Width
.x".
2D Sheet
Structure
Side View
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0.01 mm§} Solid
Conductive
Layer

Figure2.1 Structure of the 2DC sheet

Figure2.2 Evanescent wave



2.4 Position Estimation Method

In this section, we describe an abstract of position estimation method. Position estimation
method used two factors, phase and power level. If there are two electrodes at the edge of 2DC
sheet and electrodes receive electromagnetic wave from a device on the 2DC sheet, phase
difference and power level difference of electromagnetic wave occurred between electrodes.
Thus, we use these factors to estimate the position for 2DCS. We explain a principle of phase
difference and power level as in the Sections 2.5 and 2.6. After that, we explain the position

estimation in Section 2.7.

2.5 Phase Difference of Multiple Inputs

The phase difference [5][6] or phase shift, also called a sinusoidal waveform
(Sine Wave) is the angle () (Greek letter Phi) in degrees or radians that the waveform has shifted
from a certain reference point along the horizontal zero axis. In other words, phase shift is the
lateral difference between two or more waveforms along a common axis and sinusoidal
waveforms of the same frequency which can have a phase difference.

The phase difference, @D of an alternating waveform can vary from between 0 to its
maximum time period, T of the waveform during one complete cycle and this can be anywhere
along the horizontal axis between, @ = 0 to 27T (radians) or @ = 0 to 360° depending upon the

angular units used. Figure 2.3 shows example of difference distance between two electrodes and

antenna, cOp2 and cOp3. Figure2.3 shows phase difference.

When the device moves, the phase differences of every pair of neighboring plugs are

changed. The phase difference of cOp2 and cOp3 is presented as follow:



——

FE P7 P6 PS5

2D communication sheet

Antenna

M€ co

cOp2 cOp3

P1 R2 P3 P4

-

C (Asheet)

Figure2.3 Difference distance of two electrode arrays

2.5.1 Phase Difference Equation
_| cop2 cops |
22~ [Isheet Asheet| @.1)

=D X2n 22)

Where ASNEET is the wave length of electromagnetic wave in the 2DC sheet and @ is
the phase angle in degrees or radians that the waveform has shifted either left or right from the

reference point.
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f = A, Xexp {i(kx —wt + $)}

P4

/ N\
4 \

/ Phase difference \

4 )

O/ > X
Opz &b =180" P3 %1 ;/;l -
(reference) (reference) /

/
/
7
o
Figure2.4 Phase Difference
2.5.2 Wave Function Equation
f=A4A,.. Xexp{i(kx—wt + ®)} 2.3)
Where:
A, .. . theamplitude of the waveform.
exp : the Exponential Function.
i - the complex number.
k - wave number (spatial frequency) can be associated
with the wavelength by the relation k — %
the distance.
w - the angular frequency of the waveform in radian/sec.
t the time.

the phase angle in degrees or radians that a waveform
has shifted either left or right from the reference point.
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2.6 Path Loss

Path loss or path attenuation is the reduction in power density (attenuation) of an
electromagnetic wave as it propagates through medium like space or 2DC sheet. Path loss is a
major component in the analysis and design of a telecommunication system.

This term is commonly used in wireless communications and signal propagation. Path loss may
be due to many effects, such as propagation loss, refraction, diffraction, reflection, aperture-
medium coupling loss, and absorption. Path loss is also influenced by terrain contours,
environment (urban or rural, vegetation and foliage), propagation medium, the distance between

the transmitter and the receiver, and the height and location of antennas. [7]

2.6.1 Path Model for 2D Communication Medium [8]

The electromagnetic wave that propagates inside the 2D sheet is attenuated with the
distance. In the wireless medium, the total signal power typically is assumed to decay with 1/d“,
where d is the distance from the transmitting slide and Ol is the path loss coefficient of 3~4.
However, in the 2D medium, the total signal power is assumed to decrease with distance, in
which QU is equivalent to one based on the Friss transmission equation. Unlike a wireless
medium, the total received power in a 2D medium can vary from the touched size of the
connector placed on top of the 2DC sheet. For simplicity, we can model the total received power
proportional to the connector diameter (D). The total received power in the 2D medium depends
on the coordinator placement; either the coordinator is at any point on the 2D sheet or at the

corner. Thus, the total received power (Pr) when the coordinator is at any point can be expressed

as
D
B = P— ,
4 S 2nd 24)
And the total received power when the coordinator is at the corner can be expressed as
2D
P.=pP=2
md (2.5)

Where P, is the power supply of the coordinator in watts. Figure 2.5 shows the 2D path-

loss model when the coordinator is at any point or at the corner of the 2DC sheet.
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C
2D Sheet 2D Sheet
(a) Coordinator is at any point (b) Coordinator is at the corner

Figure2.5 Path-loss model for 2D Communication

2.7 Position Estimation Equation

In the evaluation, we propose three equations that are squared, absolute and square root
to find the accurate position of device. These equations can show the accurate position and error
position of device. First we measure the phase and power level information of several points on
the 2DC sheet and make a database in advance. Tables 2.1 and 2.2 show the way to gather the

database of first time and second time.

Table2.1 The database of first time.

Llh N .-dms ﬂ A
|—‘

Al6 Al7

D7,

65 17 A21 A22 A23 A24 A25 A26 A27
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125 52 Anl An2 An3 An4 An5S An6 An7

Table2.2 The database of second time.

X Y D1,2 D2,3 D3.,4 D4,5 D5,6 D6,7 D7.,8
25 12 Bl11 B12 B13 B14 B15 B16 B17
65 17 B21 B22 B23 B24 B25 B26 B27
125 52 Bnl Bn2 Bn3 Bn4 Bn5 Bn6 Bn7

Then we compare the phase and power differences of database between 1st time and 2nd time.
We estimate the minimum result of these formulas as estimated position.

The formulas show as:

Square Formula i (s —d,. 50 (2.6)
Absolute Formula Z?:l |Dm'+ g di_.z'+ 1 | (2.7)
Square root Formula X7, /Doy — d; 144 (2.8)

Where, D; ;54 is phase difference or power level difference of electrode i and i+1 from database,

and d, ;4 4 is that from measured value.
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2.7.1 Example of position estimation

In this part we explain about position estimation method. Figure 2.6 shows the
measurement area. After gathering all data of every point (Both 1" time and 2" time
measurement), we estimate the position by using square formula. If a position has minimum
value, the position is estimation position. F7 is minimum value that position is estimation position

shows in figure2.9.

Example of position estimation

20 22 20 29

® &
O © O
0.0 02 0.0 0.2

O is position of database

. is antenna or device

Figure2.6 Measurement area



Phase difference
Position Electrode | Electrode | Electrode | Electrode | Electrode

(X, ) 1-2 2-3 34 5-6 7-8
At B: C1 D1 E:
o1 Az Bz Cz D2 E2
Az Bs Cs Ds Es
Aas B+ Cs D4 E4
As Bs Cs Ds Es
As Bs Cs De Es

A B7 Cr D E
1 As Bs Cs De =3
As Bs Cs Ds Es

Database Table of neighbor electrode 15t measurement

Figure2.7 Database of first measurement

Example of position estimation

Phase difference
Position | Electrode | Electrode | Electrode | Electrode | Electrode

(x, v) 1-2 2-3 3-4 56 7-8
00 at bt ct dt et
0,1 a2 b2 (o] dz el
02 as b3 s ds es3
as b+ cs d4 e

11 as bs c ds es
as bs cs de es

20 ar b7 c g e’
as bs ce de et

as bs cs ds es

Database Table of neighbor electrode 2" measurement

Figure2.8 Database of second measurement
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Using Square formula
(A1-a5)?+(B1-b5)*+(C1-c5)?+(D1-d5)?+(E1-e5) 2 =F1
(A2-a5)%+(B2-b5)+(C2-c5)%+(D2-d5)2+(E2-e5) 2 =F2
(A3-a5)?+(B3-b5)*+(C3-c5)2+(D3-d5)*+(E3-e5) 2 =F3
(Ad-a5)+(B4-b5)+(C4-c5)2+(D4-d5)*+(E4-e5) 2 =F4
(A5-a5)%+(B5-b5)?+(C5-c5)%+(D5-d5)2+(E5-e5) 2 =F5
(AB-a5)>+(B6-b5)2+(C6-c5)2+(D6-d5)+(E6-e5) ? =F6 .
(A7-a5)2+(B7-b5)2+(C7-c5)2+(D7-d5)+(E7-e5) A=F7
(A8-25)2+(B8-b5)?+(C8-c5)2+(D8-d5)2+(E8-e5) 2 =F8 '\
(A9-a5)%+(B9-b5)*+(C9-c5)2+(D9-d5)+(E9-e5) 2 =F9

If it is minimum value.
It is estimation position

Figure2.9 Calculate result using square formula

Example of position estimation

20 22

0.0 0.2
Estimation Position

when F7 is minimum value

Figure2.10 Estimation position
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Chapter 3

Work Plan and Process

3.1 Work Plan

Table3.1 Project work plan

17

Subject July August September October

November

112(3|4(5|1]2|3|4|5|1(2(3|4|5[|1]2]|3|4

112(3|4|5

Study about Near-field
communication

S

Measurement *. e e ———

Evaluation of
conventional
estimation methods

Improve position
estimation methods

Data summary and

presentation

Preparation for i il

Presentation

3.1.1 Measurement Phase and Power of 2Dimensional Communication sheet
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Table3.2 Measurement work plan

Subject July August September October November

112|3|4|5({1|2|3|4|5[1|2|3|4|5[1(2|3|4|5[1(2|3|4]|5

Measurement of
position of device
every 2.5cm. interval,
that input electrode
are attached on the
top and right, top and
bottom, and 4sides of
2DC sheet with
absorber

Measurement of
position of device
every 2.5cm. interval,
that input electrode
are attached on the
top and right, top and
bottom, and 4sides of
2DC sheet without
absorber

Measurement of
position of device
every 2.5cm. interval,
20 times that input
electrode are attached
on the top of 2DC
sheet with absorber

Measurement of
position of device
every 2.5cm. rotate
antenna that input
electrode are attached i

on the top of 2DC
sheet with absorber
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3.2 Work Description

In this project we are responsible to measure phase and power level information of pilot
signal that is sent from antenna on the 2DC sheet to electrode array. We have 8 experiments that
input electrodes are attached at the differences edges of the 2DC sheet, i.e. top, top and right, top
and bottom and 4sides. Some experiments do not attached absorbers. For most of experiments, we
measure twice every 2.5cm on 2DC sheet. After that we calculate estimation formulas and plot

the graph to evaluate the correct position and error distance of each experiment.

3.3 Experimental Setup

There are totally four types of setups and each setup contains specific case as follow:
Setup 1 attach wave absorbers sheet at the edge of 2DC sheet

(D Electrode arrays are clipped at the top and right side of 2DC sheet.

(1 Four electrodes are clipped at the top and bottom side of 2DC sheet.

(Im) Electrode arrays are clipped at the 4 sides of 2DC sheet.
Setup 2 do not attach wave absorbers sheet Figure3.1 at the edge of 2DC sheet.

@ Electrode arrays are clipped at the top and right side of 2DC sheet.

(00)) Four electrodes are clipped at the top and bottom side of 2DC sheet.

(II1)  Electrode arrays are clipped at the 4 sides of 2DC sheet.
Setup 3 wave absorbers sheet Figure3.1 is attach at of 2DC the edge sheet. Electrode arrays are
clipped at the top side of 2DC sheet and electrode interval is 15cm.
(I) Electrode arrays are clipped at the top side of 2DC sheet.
Setup 4 wave absorbers sheet Figure3.1 at the edge of 2DC sheet. Electrode arrays are clipped at
the top side of 2DC sheet and electrode interval is 15cm.

@D Antenna set at 45°.

Im) Antenna set at 90°.

(I1D) Antenna set at 135°.

(IV)  Antenna set at 180°.

V) Antenna set at 225°.

(VI)  Antenna set at 270°.

(VII)  Antenna set at 315°.
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(VIII) Antenna set at 360°.

3.3.1 Setup 1

In This experiment we attach wave absorbers sheet at the edge of 2DC sheet (Figure3.1).

(I) Electrode arrays are clipped at the top and right side of 2DC sheet.

This measurement setup consists of four modules, a 2DC sheet, a phase angle measuring
device, an electrode array, and a client for pilot signal transmission. The 2D sheet size is 150cm x
64cm and the measurement area is 60cm x 40cm (Figure3.2). The measurement position starts at
45cm to 105cm along the x-axis and 12cm to 52cm along the y-axis Figure3.3 shows the phase
angle and power level measuring device. The phase angle measuring device has 8 ports, each port
can send or receive signal via coaxial cable. The phase angle measuring device and electrode
array are connected by coaxial cables. Figure3.4 shows the electrode, the electrode size is 12mm
x 47mm. Figure 3.5 shows the client for pilot signal transmission. Figure3.6 shows an antenna,
the diameter of antenna is 8.6cm.

Figure3.7 shows the experiment setup that mainly consists of an electrode array which is

clipped on the top and right side of the 2DC sheet.

Electromagnetic
wave absorbe:r 60 1
r 1
\_ 0.5 mm
2D sheet 2.5 mm

Is

1.Solid conductive layer

2.Dielectric layer

3.Mesh conductive layer

4 .Protection layer

Figure3.1 Cross section view of the 2DC sheet
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Figure3.2 The 2D sheet

Fifgure3.3 Phase angle and power level measuring device



Figure3.4 The electrode

Figure3.6 The antenna
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Figure3.7 Experiment setupl (I)

(IT) Four electrodes are clipped at the top and bottom side of 2DC sheet.

This measurement setup consists of four modules a 2DC sheet, a phase angle measuring
device, an electrode array, and a client for pilot signal transmission. The 2D sheet size is 150cm x
64cm and the measurement area is 60cm x 40cm. The measurement position starts at 45cm to
105cm along the x-axis and 12cm to 52cm along the y-axis. Figure3.3 shows the phase angle and
power level measuring device. The phase angle measuring device have 8 ports, each port can send
or receive signal via coaxial cable. The phase angle measuring device and electrode array are
connected by coaxial cables. Figure3.4 shows the electrode, the electrode size is 12mm x 47mm.
Figure 3.5 shows the client for pilot signal transmission. Figure3.6 shows an antenna, the
diameter of antenna is 8.6cm.

Figure3.8 shows the experiment setup that mainly consists of an electrode array which is

clipped on the top and bottom side of the 2DC sheet.
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Figure3.8 Experiment setupl (II)

(IIT) Electrode arrays are clipped at the 4 sides of 2DC sheet.

This measurement setup consists of four modules a 2DC sheet, a phase angle measuring
device, an electrode array, and a client for pilot signal transmission. The 2D sheet size is 150cm x
64cm and the measurement area is 60cm x 40cm. The measurement position starts at 45cm to
105cm along the x-axis and 12cm to 52cm along the y-axis. Figure3.3 shows the phase angle and
power level measuring device. The phase angle measuring device have 8 ports, each port can send
or receive signal via coaxial cable. The phase angle measuring device and electrode array are
connected by coaxial cables. Figure3.4 shows the electrode, the electrode size is 12mm x 47mm.
Figure 3.5 shows the client for pilot signal transmission. Figure3.6 shows an antenna, the
diameter of antenna is 8.6cm.

Figure3.9 shows the experiment setup that mainly consists of an electrode array which is

clipped on the 4 sides of the 2DC sheet.
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Figure3.9 Experiment setupl (IIT)

3.3.2 Setup 2

This experiment do not Attach wave absorbers sheet Figure3.1 at the edge of 2DC sheet.

(I) Electrode arrays are clipped at the top and right side of 2DC sheet.

This measurement setup consists of four modules a 2DC sheet, a phase angle measuring
device, an electrode array, and a client for pilot signal transmission. The 2D sheet size is 150cm x
64cm and the measurement area is 60cm x 40cm. The measurement position starts at 45cm to
105cm along the x-axis and 12cm to 52cm along the y-axis Figure3.2. Figure3.3 shows the phase
angle and power level measuring device. The phase angle measuring device have 8 ports, each
port can send or receive signal via coaxial cable. The phase angle measuring device and electrode
array are connected by coaxial cables. Figure3.4 shows the electrode, the electrode size is 12mm
x 47mm. Figure 3.5 shows the client for pilot signal transmission. Figure3.6 shows an antenna,
the diameter of antenna is 8.6cm.

Figure3.10 shows the experiment setup that mainly consists of an electrode array which

is clipped on the top and right side of the 2DC sheet.
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Figure3.10 Experiment setup2 (I)

(IT) Four electrodes are clipped at the top and bottom side of 2DC sheet.

This measurement setup consists of four modules a 2DC sheet, a phase angle measuring
device, an electrode array, and a client for pilot signal transmission. The 2D sheet size is 150cm x
64cm and the measurement area is 60cm x 40cm. The measurement position starts at 45cm to
105cm along the x-axis and 12cm to 52cm along the y-axis. Figure3.3 shows the phase angle and
power level measuring device. The phase angle measuring device have 8 ports, each port can send
or receive signal via coaxial cable. The phase angle measuring device and electrode array are
connected by coaxial cables. Figure3.4 shows the electrode, the electrode size is 12mm x 47mm.
Figure 3.5 shows the client for pilot signal transmission. Figure3.6 shows an antenna, the
diameter of antenna is 8.6cm.

Figure3.11 shows the experiment setup that mainly consists of an electrode array which

is clipped on the top and bottom side of the 2DC sheet.
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Figure3.11 Experiment setup2 (II)

(IIT) Electrode arrays are clipped at the 4 sides of 2DC sheet.

This measurement setup consists of four modules a 2DC sheet, a phase angle measuring
device, an electrode array, and a client for pilot signal transmission. The 2D sheet size is 150cm x
64cm and the measurement area is 60cm x 40cm. The measurement position starts at 45cm to
105cm along the x-axis and 12cm to 52cm along the y-axis. Figure3.3 shows the phase angle and
power level measuring device. The phase angle measuring device have 8 ports, each port can send
or receive signal via coaxial cable. The phase angle measuring device and electrode array are
connected by coaxial cables. Figure3.4 shows the electrode, the electrode size is 12mm x 47mm.
Figure 3.5 shows the client for pilot signal transmission. Figure3.6 shows an antenna, the
diameter of antenna is 8.6cm.

Figure3.12 shows the experiment setup that mainly consists of an electrode array which

is clipped on the 4 sides of the 2DC sheet.
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Figure3.12 Experiment setup2 (IIT)

3.3.3 Setup 3

In this experiment wave absorbers sheet Figure3.1 is attach at the edge of 2DC sheet.
Electrode arrays are clipped at the top side of 2DC sheet and electrode interval is 15cm.

(I) Electrode arrays are clipped at the top side of 2DC sheet.

This measurement setup consists of four modules a 2DC sheet, a phase angle measuring
device, an electrode array, and a client for pilot signal transmission. The 2D sheet size is 150cm x
64cm and the measurement area is 100cm x 40cm. The measurement position starts at 25cm to
125cm along the x-axis and 12c¢m to 52cm along the y-axis. Figure3.3 shows the phase angle and
power level measuring device. The phase angle measuring device have 8 ports, each port can send
or receive signal via coaxial cable. The phase angle measuring device and electrode array are
connected by coaxial cables. Figure3.4 shows the electrode, the electrode size is 12mm x 47mm.
Figure 3.5 shows the client for pilot signal transmission. Figure3.6 shows an antenna, the
diameter of antenna is 8.6cm.

Figure3.13 shows the experiment setup that mainly consists of an electrode array which

is clipped on the top side of the 2DC sheet and electrode interval is 15cm.
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Figure3.13 Experiment setup3

3.3.4 Setup 4

This experiment Attach wave absorbers sheet Figure3.1 at the edge of 2DC sheet.
Electrode arrays are clipped at the top side of 2DC sheet and electrode interval is 15cm.

(I) Antenna set at 45°.

This measurement setup consists of four modules a 2DC sheet, a phase angle measuring
device, an electrode array, and a client for pilot signal transmission. The 2D sheet size is 150cm x
64cm and the measurement area is 100cm x 40cm. The measurement position starts at 25cm to
125cm along the x-axis and 12c¢m to 52cm along the y-axis. Figure3.3 shows the phase angle and
power level measuring device. The phase angle measuring device have 8 ports, each port can send
or receive signal via coaxial cable. The phase angle measuring device and electrode array are
connected by coaxial cables. Figure3.4 shows the electrode, the electrode size is 12mm x 47mm.
Figure 3.5 shows the client for pilot signal transmission. Figure3.6 shows an antenna, the
diameter of antenna is 8.6cm.

Figure3.14 shows the experiment setup that mainly consists of an electrode array which

is clipped on the top side of the 2DC sheet and electrode interval is 15cm.
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Figure3.14 Experiment setup4 (I)

(I) Antenna set at 90°.

This measurement setup consists of four modules a 2DC sheet, a phase angle measuring
device, an electrode array, and a client for pilot signal transmission. The 2D sheet size is 150cm x
64cm and the measurement area is 100cm x 40cm. The measurement position starts at 25cm to
125cm along the x-axis and 12cm to 52cm along the y-axis. Figure3.3 shows the phase angle and
power level measuring device. The phase angle measuring device have 8 ports, each port can send
or receive signal via coaxial cable. The phase angle measuring device and electrode array are
connected by coaxial cables. Figure3.4 shows the electrode, the electrode size is 12mm x 47mm.
Figure 3.5 shows the client for pilot signal transmission. Figure3.6 shows an antenna, the
diameter of antenna is 8.6cm.

Figure3.15 shows the experiment setup that mainly consists of an electrode array which

is clipped on the top side of the 2DC sheet and electrode interval is 15cm.
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Figure3.15 Experiment setup4 (1)

(III) Antenna set at 135°.

This measurement setup consists of four modules a 2DC sheet, a phase angle measuring
device, an electrode array, and a client for pilot signal transmission. The 2D sheet size is 150cm x
64cm and the measurement area is 100cm x 40cm. The measurement position starts at 25cm to
125cm along the x-axis and 12cm to 52cm along the y-axis. Figure3.3 shows the phase angle and
power level measuring device. The phase angle measuring device have 8 ports, each port can send
or receive signal via coaxial cable. The phase angle measuring device and electrode array are
connected by coaxial cables. Figure3.4 shows the electrode, the electrode size is 12mm x 47mm.
Figure 3.5 shows the client for pilot signal transmission. Figure3.6 shows an antenna, the
diameter of antenna is 8.6cm.

Figure3.16 shows the experiment setup that mainly consists of an electrode array which

is clipped on the top side of the 2DC sheet and electrode interval is 15cm.
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Figure3.16 Experiment setup4 (IIT)

(IV) Antenna set at 180°.

This measurement setup consists of four modules a 2DC sheet, a phase angle measuring
device, an electrode array, and a client for pilot signal transmission. The 2D sheet size is 150cm x
64cm and the measurement area is 100cm x 40cm. The measurement position starts at 25cm to
125cm along the x-axis and 12cm to 52cm along the y-axis. Figure3.3 shows the phase angle and
power level measuring device. The phase angle measuring device have 8 ports, each port can send
or receive signal via coaxial cable. The phase angle measuring device and electrode array are
connected by coaxial cables. Figure3.4 shows the electrode, the electrode size is 12mm x 47mm.
Figure 3.5 shows the client for pilot signal transmission. Figure3.6 shows an antenna, the
diameter of antenna is 8.6cm.

Figure3.17 shows the experiment setup that mainly consists of an electrode array which

is clipped on the top side of the 2DC sheet and electrode interval is 15cm.



33

Figure3.17 Experiment setup4 (IV)

(V) Antenna set at 225°.

This measurement setup consists of four modules a 2DC sheet, a phase angle measuring
device, an electrode array, and a client for pilot signal transmission. The 2D sheet size is 150cm x
64cm and the measurement area is 100cm x 40cm. The measurement position starts at 25cm to
125cm along the x-axis and 12cm to 52cm along the y-axis. Figure3.3 shows the phase angle and
power level measuring device. The phase angle measuring device have 8 ports, each port can send
or receive signal via coaxial cable. The phase angle measuring device and electrode array are
connected by coaxial cables. Figure3.4 shows the electrode, the electrode size is 12mm x 47mm.
Figure 3.5 shows the client for pilot signal transmission. Figure3.6 shows an antenna, the
diameter of antenna is 8.6cm.

Figure3.18 shows the experiment setup that mainly consists of an electrode array which

is clipped on the top side of the 2DC sheet and electrode interval is 15cm.
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Figure3.18 Experiment setup4 (V)

(VI) Antenna set at 270°.

This measurement setup consists of four modules a 2DC sheet, a phase angle measuring
device, an electrode array, and a client for pilot signal transmission. The 2D sheet size is 150cm x
64cm and the measurement area is 100cm x 40cm. The measurement position starts at 25cm to
125cm along the x-axis and 12cm to 52cm along the y-axis. Figure3.3 shows the phase angle and
power level measuring device. The phase angle measuring device have 8 ports, each port can send
or receive signal via coaxial cable. The phase angle measuring device and electrode array are
connected by coaxial cables. Figure3.4 shows the electrode, the electrode size is 12mm x 47mm.
Figure 3.5 shows the client for pilot signal transmission. Figure3.6 shows an antenna, the
diameter of antenna is 8.6cm.

Figure3.19 shows the experiment setup that mainly consists of an electrode array which

is clipped on the top side of the 2DC sheet and electrode interval is 15cm.
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Figure3.19 Experiment setup4 (VI)

(VII) Antenna set at 315°.

This measurement setup consists of four modules a 2DC sheet, a phase angle measuring
device, an electrode array, and a client for pilot signal transmission. The 2D sheet size is 150cm x
64cm and the measurement area is 100cm x 40cm. The measurement position starts at 25cm to
125cm along the x-axis and 12cm to 52cm along the y-axis. Figure3.3 shows the phase angle and
power level measuring device. The phase angle measuring device have 8 ports, each port can send
or receive signal via coaxial cable. The phase angle measuring device and electrode array are
connected by coaxial cables. Figure3.4 shows the electrode, the electrode size is 12mm x 47mm.
Figure 3.5 shows the client for pilot signal transmission. Figure3.6 shows an antenna, the
diameter of antenna is 8.6cm.

Figure3.20 shows the experiment setup that mainly consists of an electrode array which

is clipped on the top side of the 2DC sheet and electrode interval is 15cm.
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Figure3.20 Experiment setup4 (VII)

(VIII) Antenna set at 360°.

This measurement setup consists of four modules a 2DC sheet, a phase angle measuring
device, an electrode array, and a client for pilot signal transmission. The 2D sheet size is 150cm x
64cm and the measurement area is 100cm x 40cm. The measurement position starts at 25cm to
125cm along the x-axis and 12cm to 52cm along the y-axis. Figure3.3 shows the phase angle and
power level measuring device. The phase angle measuring device have 8 ports, each port can send
or receive signal via coaxial cable. The phase angle measuring device and electrode array are
connected by coaxial cables. Figure3.4 shows the electrode, the electrode size is 12mm x 47mm.
Figure 3.5 shows the client for pilot signal transmission. Figure3.6 shows an antenna, the
diameter of antenna is 8.6cm.

Figure3.21 shows the experiment setup that mainly consists of an electrode array which

is clipped on the top side of the 2DC sheet and electrode interval is 15cm.
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Figure3.21 Experiment setup4 (VIII)

3.4 Experimental Method
To estimate a precise position of the device that is placed on the 2DC sheet, the proposed
measurement of the phase differences of the pilot signal on 2DC sheet. The pilot signal is sent by
antenna and spreads throughout the 2DC sheet. Then pilot signal reaches to electrode array.
Measuring the phase and power level at every electrode, the value of the phase and power level
difference of each pair of neighboring electrode is obtained and every position on the 2DC sheet
also has unique phase information.
The experiment in this cooperative education report all perform in one test room. For

most experiment, we measure 2 times of every 2.5cm interval respectively.

3.4.1 As mention above setup 1 and setup 2 measurement area is 60cm x 40cm with start
point of (45,12) and end point of (105,52) on the 2DC sheet, and this measurement has a
measurement step which is 2.5cm interval.

We use C program for measuring phase and level data. First, we set measuring program

input starting point, end point and measurement step. Secondly, we compile program and run the
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program (phase angle measurement device is connected to measurement PC via USB cable).
This program outputs the phase and level data of measured points. After that measurement
program gathers data and separates phase data and level data collected into files show in table3.3.
This experiment needs 2 times measurements and a lone period of time (e.g. 2 hours) to start a
new (second) measurement. The longer time of lone period the better for experiment, Since the
short lone period to start a new measurement, it can be assumed as the same condition of first

time so we cannot get the real result of position estimation.

Table3.3 Excel sheet sample of data

4512 103 43 242 A4 A7 24 114 A5
45145 142 76 308  -194] A7 26 13 14
4517 164 158 23 109 20/ 23, 142 A3
45195 | 13 14 275 13 2 26 153 A5
4522 | 442 A3 22 116 23 26, 142 A5
45245 | 12 149 253 158 21| 274 142 A7
4527 e 2 1 ste 23 123 21| 214, 142 16
45295 13 185 286  -158 3| o688l - sl 16,
4532 3] 122 23 A4 22| 288 208 A5
45345 153 476 253 14 22| 288 497 18
4537 | 13 14 264 194 23| 74 1S 23
45395 | 142 167 253 149 22 26 -164] 19
4542 | 42| 3 999 -194 20 214 497 18
4544 5 453 76| 275 176 A7/ 9 7 18
4547 142 176 33 149 18 26 197 20
45495 |  -186] 167 297 221 A7 22, 153 21
4552 164 999 264 158 18 22 153 21
47512 153 14 233l 123 20| " -288] 164 24
475145 43| 122 242 185 211 -302] 164 22
475147 | -3, 43 21 116 25 302 164 19,
475195 121 14 999 24, 30 316 197 22
47522 13 A4 242 14 26| 288 186 22
475245 | 142|149 286 -17.6| 24| 302 416 23
47521 | 1531 158 253 3] 210 =31.6/ s 22
475295 412 149 308 149 23 33 208 22
475,32 153 149 23 116 24 316 23 19
475345 142 158 297 14 25 316 23 20
475,37 153 13 23 13 25 288 -208 26/
475395 A3 67 231 123 26 274  -186 25

105.52 23 149 253 4 15 21 414 13
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The second measurement uses the same method of the first time measurement.
After gathering all data of every point (Both 1" time and 2" time measurement), C program has
been used (refer to Appendix A) to calculate the position estimation formulas. This program use
data of phase and data of level of every point to calculate using 3 formulas which is mentioned on
the theory section (2.6), (2.7), (2.8). After calculating estimation formulas, we get result of phase,
level, and phase + level x 10 difference and result of correct estimation ratio (%), average of error
(cm), and maximum error distance (cm).

Then Gnu plot program is used to plot the graph. Figure3.22 shows the example of

position estimation graph using Gnu plot (refer to Appendix B)
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Figure3.22 Example of position estimation graph

3.4.2 As mention above setup (3) measurement area is 100cm x 40cm with start point of
(25,12) and end point of (105,52) on the 2DC sheet, and this measurement has a measurement
step which is 2.5cm interval average 20 times measurement for first measurement and lcm
interval for second measurement.

Then Gnu plot program has been used to plot the graph. Figure3.23 shows the example of

position estimation graph using Gnu plot.
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Figure3.23 Example of position estimation graph

3.4.3 As mention above setup 4 measurement area is 100cm x 40cm with start point of
(25,12) and end point of (105,52) on the 2DC sheet, and this measurement has a measurement
step which is 2.5cm rotate antenna measurement for first measurement to compare with 2.5cm
interval average 20 times measurement from first measurement setup 3.

We use C program for measuring phase and level data. First, we set measuring program
input starting point, end point and measurement step. Secondly, we compile program and run the
program (phase angle measurement device is connected to measurement PC via USB cable). This
program shows the phase and level data of each port of measured point. After that measurement
program gather data and separate phase data and level data collect to files. This experiment we
measurement 8 times follow angle of measurement (figure3.24).

After gathering all data of every point (Both 1™ time and 2" time measurement), C
program has been used to calculate the position estimation result. This program used data of
phase and data of level of every point to calculate using 3 formulas which was mentioned on the
theory section (2.6), (2.7), (2.8). After program calculate we got result of phase, level, and phase
+ RSS*10 difference and result of correct estimation ratio (%), average of error (cm), and

maximum error distance (cm).
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Then Gnu plot program has been used to plot the graph. Figure3.25 shows the example of

position estimation graph using Gnu plot.

360
315 45

270 90

225 135
180

Figure3.24 Angle of measurement
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Figure3.25 Example of position estimation graph
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Chapter 4

Experimental Result and Analysis

In this chapter, the result of position estimation by using phase difference of electrode
array for Two-Dimensional Communication System according to above research method is

present.

4.1 Evaluation result
There are totally four types of setups and each setup contains specific case as follow:
Setup 1 attach wave absorbers sheet at the edge of 2DC sheet as in the Section 4.1.1.
)] Electrode arrays are clipped at the top and right side of 2DC sheet figure4.2 -
44,
(1D Four electrodes are clipped at the top and bottom side of 2DC sheet
figure4.5 -4.7.
(II)  Electrode arrays are clipped at the 4 sides of 2DC sheet figure4.8 - 4.10.
Setup 2 do not attach wave absorbers sheet Figure3.1 at the edge of 2DC sheet as in the-
Section 4.1.2.
@ Electrode arrays are clipped at the top and right side of 2DC sheet
figure4.11 -4.13.
(In Four electrodes are clipped at the top and bottom side of 2DC sheet
figure4.14 — 4.16.
(II)  Electrode arrays are clipped at the 4 sides of 2DC sheet figure4.17 — 4.19.
Setup 3 wave absorbers sheet Figure3.1 is attach at of 2DC the edge sheet. Electrode arrays are
clipped at the top side of 2DC sheet and electrode interval is 15c¢m as in the Section 4.1.3.
(I) Electrode arrays are clipped at the top side of 2DC sheet figure4.20 — 4.22.
Setup 4 wave absorbers sheet Figure3.1 at the edge of 2DC sheet. Electrode arrays are clipped at
the top side of 2DC sheet and electrode interval is 15cm as in the Section 4.1.4.
) Antenna set at 45° figure 4.23 — 4.25.

(1) Antenna set at 90° figure 4.26 — 4.28.
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(I11) Antenna set at 135° figure 4.29 —4.31.
(IV)  Antenna set at 180° figure 4.32 — 4.34.
V) Antenna set at 225° figure 4.35 — 4.37.
D Antenna set at 270° figure 4.38 — 4.40.
(VII)  Antenna set at 315° figure 4.41 — 4.43.

(VIII) Antenna set at 360° figure 4.44 — 4.46.

4.1.1 Evaluation result of 2.5cm interval with absorber (Setup 1)

The graph result by using 3 formulas which is Square formula, Absolute
formula, and Square root formula. The measurement step is 2.5 cm interval for X-axis
and Y-axis. Measure the selected area of 2DC sheet to confirm a device location
concentrates on its location. The arrow which shows in the result is an error distance
between origin point and estimated point, figure4.1 shows example of position estimation

graph and how to read it.

Example of graph

Red circle is estimated collected position.

Red arrow is error distance <10 cm

Green arrow is error distance =10 and < 20 cm
Blue arrow is error distance >=20 cm

Figure4.1 Example of position estimation graph
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1) Graph result of 2.5cm interval in which electrode arrays are clipped at the top and

right side of the 2DC sheet.

2.5cm_interval _
measurement
using phase only

S S R S R R
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Square
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Square root

Figure4.2 Graph result of 2.5 cm interval using phase only. Square formula gives the best result,

Number of position is smallest



2.5cm_interval
measurement
using RSS only

Square root

Figure4.3 Graph result of 2.5 cm interval using RSS only. Absolute formula gives the-

best result, Number of position is smallest

2.5cm_interval_
measurement
using Phase + RSS

"y
Absolute Square root

Figure4.4 Graph result of 2.5 cm interval using phase + RSS*10. Absolute formula

gives the best result, Number of position is smallest.
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Table4.1 Result data of each formula which electrode array is clipped at the top and right side of

2DC sheet

2.5cm_interval _measurement
(electrode 2 sides top, right)

Square Absolute Square root
Correct Avg of Max Correct Ave, of | Max Correct Avg.of |,
sl S A & e < Nax error

estimation | error etror estimation | error error estimation | error s

rat10[s] em; em; radiogs fem; fem; 1at10]s] lem; e
Phase 99.06 5.16 |9.01 98.59 643 |10.31 | 95.53 6.85 |21.51
RSS 76.24 16.12 | 6047 |79.06 16.37 [ 64.08 | 70.82 15.55 | 64.08
Phase-RSS | 9§59 13.97 | 22.50 |98.35 8.87 |21.51 [90.12 11.37 | 62.50

Best caseis

Square formula using Phase

Worst case is

Square root formula using RSS

Table4.1 reveals the result after calculated by those 3 formulas, As for this condition (electrode

array is clipped at the top and right side of 2DC sheet) the result shows that square formula using

phase only gives the best result and square root formula using RSS only gives the worst result.

2) Graph result of 2.5cm interval in which electrode arrays are clipped at the top and

bottom side of the 2DC sheet.
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measurement
using phase only
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Figure4.5 Graph result of 2.5 cm interval using phase only. Square formula gives the

best result, Number of position is smallest

2.5cm_interval
measurement
using RSS only

R "2 o B D @ W oM in“’i;uﬁli“ﬁxi&
Absolute Square root

Figure4.6 Graph result of 2.5 cm interval using RSS only. Square formula gives the best result,

Number of position is smallest.



using Phase + RSS

Z . JUII I_II 1L Vi:ll_
measurement

Square

L O My Y R R R O

Square oot

Figure4.7 Graph result of 2.5 cm interval using phase + RSS *10. Square and

Table4.2 Result data of each formula which electrode array is clipped at the top and bottom-

Absolute formula gives the best result, Number of position is smallest.

side of 2DC sheet.

2.5cm_interval_measurement
(electrode 2 sides top, bottom)

Square Ahbsolute Square root
Corract Avg. of Max Correct Ave. of | Max Correct Avg of M s
estimation | error error | estimation | efror error estimation | error : o
ratiom) rem) tem) radio) [eon! rem; Tatiowu] romy :

Phase

99.53 |4.79 |7.07 99.29 |2.85 |3.54 |9741 [4.18 |791

RSS

92.711 8.19 |57.72 |89.88 7.63 [31.62 |84.24 9.70

s
n
Lad
=+,

Phase-RSS | 100.00 |0.00 |0.00 100.00 1 0.00 [0.00 |95.06 6.28 |16.01

48
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Table4.2 reveals the result after calculated by those 3 formulas, As for this condition (electrode
array is clipped at the top and bottom side of 2DC sheet) the result show that square and absolute
formula using phase + RSS *10 also gives the best result and square root formula using level only

also gives the worst result.

3) Graph result of 2.5cm interval in which electrode arrays are clipped at 4 sides of the

2DC sheset.

2.5cm_interval _
measurement
using phase only

Absolute

Figure4.8 Graph result of 2.5 cm interval using phase only. Square formula gives the best result,

Number of position is smallest.
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measurement
using RSS only
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Figure4.9 Graph result of 2.5 cm interval using RSS only. Square formula gives the best result,

Number of position is smallest.

using Phase + RSS

2.5cm_interval_

measurement

s A
e Sl
SO0

i,
&

Absolute

Square root

Figure4.10

Graph result of 2.5 cm interval using phase + RSS *10. Absolute formula gives-

the best result, Number of position is smallest.
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Table4.3 Result data of each formula which electrode array is clipped at the top and right side of

2DC sheet

2.5cm_interval_measurement
(electrode 4 sides)

Square Absolute Square root
Correct Avg of Max. Correct Avg of | Max Correct Avg. of ¥ A
estimation | efror error estimation | error efror estimation | emror [l rem
rat1ogs: em; em; 03] cm; em: 1atiosss cme & Lt

Phase 97.65 811 |20.16 |[98.12 10.21 | 43.16 | 9647 18.21 [47.57

RSS 81.41 1241 |40.31 |77.88 11.99 | 35.09 |69.65 14.59 | 57.01

Phase-RSS | 9999 0. TED. 59 99.29 4.56 |5.59 |87.29 11.52 | 32.50

Best case is Absolute formula using Phase + RSS

Worst case is | Square root formula using RSS

Table4.3 reveals the result after calculated by those 3 formulas, As for this condition (electrode
array is clipped at the 4 sides of 2DC sheet) the result show that absolute formula using phase +

RSS *10 gives the best result and square root formula using level only gives the worst result.

4.1.2 Evaluation result of 2.5cm interval without absorber (Setup 2)

The graph result by using 3 formulas which is Square formula, Absolute formula, and
Square root formula. The measurement step is 2.5 cm interval for X-axis and Y-axis. Measure the
selected area of 2DC sheet to confirm a device location concentrates on its location. The arrow

which show in the result is an error distance between origin point and estimated point.

1)Graph result of 2.5¢m interval in which electrode arrays are clipped at the top and right

side of the 2DC sheet.
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measurement
using phase only
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L firtako

Absolute

Figure4.11 Graph result of 2.5 cm interval using phase only. Square formula gives the

best result, Number of position is smallest

2.5cm_interval
measurement
using RSS only

Absolute

Figure4.12 Graph result of 2.5 cm interval using RSS only. Absolute formula gives

the best result, Number of position is smallest
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L.UUI]]_I[ILCIVdI_
measurement
using Phase + RSS

4 i;‘ -i ERE )
Absolute Square ot

Figure4.13 Graph result of 2.5 cm interval using phase + RSS *10. Square root formula

gives the best result, Number of position is smallest.

Table4.4 Result data of each formula which electrode array is clipped at the top and right side of

2DC sheet

2.5cm_interval_measurement
(electrode 2 sides top, right)

Square Absolute Square root
Correct Avg. of Max Correct Avg. of | Max Correct Avg. of Ma:
E o i3 % error

estimation | error error | estimation | error error estimation | error ey~

ations] rem remy radiors tem; femy ration rom; i
Phase 89.18 24.81 |62.70 |89.41 2540 | 58.84 | 87.06 27.70 | 58.84
RSS 87.29 2551P'55.51 |86 25.34 [ 55.51 | 78.82 25.73 | 59.42
Phase-RSS | 93 41 27.24 |163.10 |93.88 |24.01|55.51 [94.12 23.92 | 55.51
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Table4.4 reveals the result after calculated by those 3 formulas, As for this condition (electrode
array is clipped at the top and right side of 2DC sheet without absorber) the result show that
square root formula using phase + RSS *10 gives the best result and square root formula using

RSS only gives the worst result.

2) Graph result of 2.5cm interval in which electrode arrays are clipped at the top and

bottom side of the 2DC sheet.

2.5cm_interval _
measurement
using phase only

Absolute Square root

Figure4.14 Graph result of 2.5 cm interval using phase only. Absolute formula gives the

best result, Number of position is smallest



2.5cm_interval
measurement
using RSS only
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Square

Square root

Figure4.15 Graph result of 2.5 cm interval using RSS only. Absolute formula

gives the best result, Number of position is smallest.

2.5cm_interval_
measurement
using Phase + RSS
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0,

SRR
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Square root

Figure4.16 Graph result of 2.5 cm interval using phase + RSS *10. Absolute formula

gives the best result, Number of position is smallest.
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Table4.5 Result data of each formula which electrode array is clipped at the top and bottom-

side of 2DC sheet.

2.5cm_interval_measurement
(electrode 2 sides top, bottom)

Square Absolute Square root
Correct Avg of Max Correct Avg. of | Max Correct Avg. of Nz v
estimation | error erTor estimation | emor error estimation | error = i
ratiofs] oo cm; radiors] em; cmy ratiofs) em; SHE

Phase 94.12 (2230 |58.15 (9624 |25.60|60.47 (9529 |28.18 | 60.47

R5S 95.06 23.04 |57.55 [95.53 21.64 | 46.97 | 87.76 24.94 | 62.10

Phase-RSS | 9741 28.23 |51.30 |97.65 23.66 | 46.97 | 97.65 27.96 | 55.90

Best caseis Absolute formula using Phase + RSS

Worstcase is | Square root formula using RSS

Tabled.5 reveals the result after calculated by those 3 formulas, As for this condition (electrode
array is clipped at the top and bottom side of 2DC sheet without absorber) the result show that
absolute formula using phase + RSS *10 gives the best result and square root formula using RSS

only gives the worst result.

3) Graph result of 2.5cm interval in which electrode arrays are clipped at 4 sides of the

2DC sheet.



L.l Inivel val

measurement
using phase only

Absolute Square oot

Figure4.17 Graph result of 2.5 cm interval using phase only. Absolute formula gives

the best result, Number of position is smallest.

2.5cm_interval_
measurement
using RSS only

Absolute Square root

Figure4.18 Graph result of 2.5 cm interval using RSS only. Square formula gives

the best result, Number of position is smallest.
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Figure4.19 Graph result of 2.5 cm interval using phase + RSS *10. Absolute formula

gives the best result, Number of position is smallest.

Table4.6 Result data of each formula which electrode array is clipped at 4 sides of 2DC sheet

2.5cm_interval_measurement
(electrode 4 sides)

Square Absolute Square root
Correct Avg. of Max Correct Avy. of | Max Correct Avg. of Max error
estimation | error etror estimation | error error estimation | error " I
ratiofs] [cm: cm; radiorss) [cm om ratiozs cm; i

Phase 7271 |26.44 | 6042 |73.41 [25.18 5942 [67.53 |24.64 |63.10

RSS 64.71 29.27 | 68.65 |60.71 28.25 | 68.65 | 47.06 28.67 | 68.65

Phase-RSS | §7.06 25.57 |58.15 |88.71 23.33 76.71 28.06 | 68.65

L
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Tabled.6 reveals the result after calculated by those 3 formulas, As for this condition (electrode
array is clipped at the 4 sides of 2DC sheet without absorber) the result show that absolute
formula using phase + RSS *10 gives the best result and square root formula using RSS only

gives the worst result.

4.1.3 Evaluation result of 2.5cm interval average 20 times measurement for first

measurement and 1cm interval for second measurement. (Setup 3)

The graph result by using 3 formulas which is Square formula, Absolute formula, and
Square root formula. The measurement step is 2.5 cm for first measurement and 1 cm for second
measurement interval for X-axis and Y-axis. Measure the selected area of 2DC sheet to confirm a
device location concentrates on its location. The arrow which shows in the result is an error

distance between origin point and estimated point.

1) Graph result of 2.5cm interval average 20 times measurement for first measurement

and lcm interval for second measurement.

2.5 & 1cm
interval
measurement
using phase
only

Absolute Square root

Figure4.20 Graph result of 2.5 &1cm interval using phase only.

Square formula gives the best result, Number of position is smallest



2.5 & 1cm interval
measurement
using RSS only %

Square root

Figure4.21 Graph result of 2.5 & l1cm interval using RSS only. Square formula

gives the best result, Number of position is smallest

2.5 & 1cm interval
measurement
using Phase + RSS

Absolute Square root

Figure4.22 Graph result of 2.5 & lcm interval using phase + RSS *10.

Square formula gives the best result, Number of position is smallest.
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Table4.7 Result data of each formula which 2.5cm interval average 20 times measurement for

first measurement and 1cm interval for second measurement.

2.5 & 1 cm Interval measurement

Square Absolute Square root
Correct Avg. of Max. Correct Ave of | Max Corract Avg. of M
. ¥ “ : Y. -~ V13X e1ToT

estimation | error efror estimation | emror efror estimation | efror oo

ratio:e) tem; emy radiofs fem; rem; ratiorss; em; o
Fhase §3.14 | 16.10 | 87.04 8145 | 1529 | 87.04 | 74.86 | 14.67| 98.01
RSS 54.60 | 11.12 | 50.00 | 52.21 [ 11.20| 49.00 | 44.87 | 11.77 | 48.00
Phase-RSS| 0464 | 25.26 | 30.30 93.07 |[20.33 | 30.30 | 75.75 | 10.45| 48.00

Bestcaseis | Square formula using Phase + RSS

Worst case is | Square root formula using RSS

Tabled.7 reveals the result after calculated by those 3 formulas, As for this condition (2.5cm
interval average 20 times measurement for first measurement and lcm interval for second
measurement) the result show that square formula using phase + RSS *10 gives the best result

and square root formula using RSS only gives the worst result.

4.1.4 Evaluation result of 2.5cm interval average 20 times measurement for first

measurement and rotate antenna measurement. (Setup 4)

The graph result by using 3 formulas which is Square formula, Absolute formula, and
Square root formula. The measurement step is 2.5 cm interval for first measurement and rotate
antenna measurement for X-axis and Y-axis. Measure the selected area of 2DC sheet to confirm a
device location concentrates on its location. The arrow which show in the result is an error
distance between origin point and estimated point.

1) Graph of 2.5cm interval average 20 times measurement for first measurement and

45°measurement.
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45 measurement
using phase only

Absolute

Square root
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Figure4.23 Graph result of 45° using phase only. Square formula gives the best result, Number

of position is smallest

Rotate Antenna
45 measurement
using RSS only

Absolute

Square root

Figure4.24 Graph result of 45° using RSS only. Square formula gives the best result,

Number of position is smallest



MmoLldle AlILSTINIa
45 measurement
using Phase + RSS

Absolute Square ool

Figure4.25 Graph result of 45° using phase + RSS *10. Absolute formula gives the best result,

Number of position is smallest.

Table4.8 Result data of each formula which rotate antenna set at 45°

Rotate Antenna 45 measurement

Square Absolute Square root
Correct Avg. of Max Correct Avg of | Max Correct Avg of Y
estimation | emror error estimation | error error estimation | error L :::T
rat100s] fem; remy radiors: em; cm; 1atior.; fomy s
Phase 36.15 | 598 | 85.15 | 3429 | 644 | 8515 | 30.70 | 845 | 97.53
RSS 24.82 7.31 | 37.58 | 2253 | 7.57 | 37.58 | 20.23 | 9.44 | B82.84
Phase-RSS| 41,18 2.83 11.18 | 42.75 2.825]%9.01 3415 | 429 | 23.05

I Plaat anas in Abmmbisbn Farmaila simine Dhans @ OO0 I
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Table4.8 reveals the result after calculated by those 3 formulas, As for this condition (rotate
antenna, antenna set at 45°) the result show that square formula using phase + RSS*10 gives the

best result and square root formula using RSS only also give the worst result.

2) Graph of 2.5cm interval average 20 times measurement for first measurement and

90°measurement.

Rotate Antenna
90 measurement
using phase only

Absolute

Figure4.26 Graph result of 90° using phase only. Square formula gives the best result,

Number of position is smallest



Rotate Antenna
90 measurement
using RSS only

Absolute

Square root

Figure4.27 Graph result of 90° using RSS only. Square formula gives the best result,

Number of position is smallest

Rotate Antenna
90 measurement
using Phase + RSS

Absolute

Square root
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Figure4.28 Graph result of 90° using phase + RSS *10. Absolute formula gives the best result,

Number of position is smallest.



Table4.9 Result data of each formula rotate antenna set at 90°

Rotate Antenna 90 measurement

Square Absolute Square root
Corract Avg. of Max Correct Avg of | Max Correct Avg. of M
P AT o Max error

estimation | error error estimation | error error estimation | error e

ratioos] [cmj] emy radioss] cm; om; Taliois] emy; i
Phase 97.85 | 9.28 | 34.00 | 96.56 | 7.27 | 34.00 | 94.12 | 8.78 | 43.73
RSS 64.42 10.39 | 52.50 | 62.27 |10.82 | 52.50 | 56.38 |12.18 | 53.68
Phase-RSS | 9957 3.53 5.59 99.71 | 4.79 | 7.07 88.95 5.93 16.01

Best case is | Absolute formula using Phase + RSS

Worst case is | Square root formula using RSS
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Tabled.9 reveals the result after calculated by those 3 formulas, As for this condition (rotate

antenna, antenna set at 90°) the result show that square formula using phase + RSS *10 gives the

best result and square root formula using RSS only gives the worst result.

3) Graph of 2.5cm interval average 20 times measurement for first measurement and

135°measurement.
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135 measurement
using phase only

Square root

Figure4.29 Graph result of 135° using phase only.

Number of position is smallest

Square formula gives the best result,

Rotate Antenna
135°’measurement
using RSS only

Absolute

Square root

Figure4.30

Number of position is smallest

Graph result of 135° using RSS only. Absolute formula gives the best result,
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135 measurement
using Phase + RSS
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Figure4.31 Graph result of 135° using phase + RSS *10. Absolute formula gives the best result,

Number of position is smallest.

Table4.10 Result data of each formula rotate antenna set at 135°

Rotate Antenna 135 measurement

Square

Absolute Square root

Correct Avg. of Max Correct Avg of | Max Correct Avgof |, fax

estimation | error eror estimation | error error estimation | error " .e:_;‘fr

ratios] pem; rem} radiogs] remy rem; ratios] rem; :
Phase 83.36 | 10.20 | 87.54 | 82.07 |10.27 | 87.54 | 7145 |11.19| 72.50
RSS 49.64 9.85 35.79 51.94 978 | 35.79 | 45.05 |10.82| 83.82
Phase-RSS | §9.96 3.59 11.18 91.94 343 | 18.03 74.18 5.62 20.00

| PP
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Table4.10 reveals the result after calculated by those 3 formulas, As for this condition (rotate
antenna, antenna set at 135°) the result show that square formula using phase + RSS *10 gives the

best result and square root formula using RSS only gives the worst result.

4) Graph of 2.5cm interval average 20 times measurement for first measurement and

180°measurement.

Rotate Antenna
180'measurement
using phase only

Absolute Square roo

Figure4.32 Graph result of 180° using phase only. Square formula gives the best result,

Number of position is smallest



180 measurement
using RSS only

Square root

Figure4.33 Graph result of 180° using RSS only. Square formula gives the best result,

Number of position is smallest

Rotate Antenna
180 measurement
using Phase + RSS

Absolute Square root

Figure4.34 Graph result of 180° using phase + RSS *10. Square root formula gives the

best result, Number of position is smallest.
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Table4.11 Result data of each formula which rotate antenna set at 180°

Rotate Antenna 180 measurement

Square Absolute Square root
Corract Avg. of Max Correct Avg of | Max Correct Avg. of M
estimation | error error estimation | error error estimation | error g E:::r
ratiogs] rem] lem] Tadiors] tem; rem; rafioss remy sy
Phase 1349 | 441 | 87.54 | 1248 | 4.61 | 87.54 | 1248 | 5.65 | 100.28
RSS 15.21 6.74 | 42.57 13.63 6.74 | 38.89 | 12.77 7.83 52.02
Phase-RSS| 17.22 2.67 7.07 1650 | 2.73 | 16.01 | 18.22 3.74 37.17

Bestcase is Square root formula using Phase + RSS

Worst case is | Square root formula using phase
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Tabled.11 reveals the result after calculated by those 3 formulas, As for this condition (rotate

antenna, antenna set at 180°) the result show that square formula using phase + RSS *10 gives the

best result and square root formula using RSS only gives the worst result.

5) Graph of 2.5cm interval average 20 times measurement for first measurement and

225°measurement.
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225 measurement
using phase only

Square root

Figure4.35 Graph result of 225° using phase only. Square formula gives the best result,

Number of position is smallest

Rotate Antenna
225 measurement
using RSS only

ABHW® T RN KN i -
Absolute Square root

Figure4.36 Graph result of 225° using RSS only. Square formula gives the best result,

Number of position is smallest



225 measurement
using Phase + RSS

Absolute

Square root

Figure4.37 Graph result of 225° using phase + RSS *10. Square formula gives the best result,

Number of position is smallest.

Table4.12 Result data of each formula which rotate antenna set at 225°

Rotate Antenna 225 measurement

Square Absolute Square root
Correct Avg. of Max Correct Avg of | Max Correct Avg of Max
estimation | error efror estimation | error error estimation | error " mr
atioms] pem; rem} Tadions] temy rem; ratios] rem) )
Phase 64.71 843 | 87.54 | 59.25 | 8.15 | 85.15 | 4892 | 895 | 8515
RSS 26.54 9.53 | 38.16 | 24.53 |10.28 | 52.50 | 18.36 |11.95( 83.10
Phase-RSS | 75,75 3.52 16.77 73.74 3.73 | 16.01 | 45.77 6.50 83.10

N
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Table4.12 reveals the result after calculated by those 3 formulas, As for this condition (rotate
antenna, antenna set at 225°) the result show that square formula using phase + RSS*10 gives the

best result and square root formula using level only gives the worst result.

6) Graph of 2.5cm interval average 20 times measurement for first measurement and

270°measurement.

Rotate Antenna
270'measurement
using phase only

Absolute

Figure4.38 Graph result of 270° using phase only. Square formula gives the best result,

Number of position is smallest



270 measurement
using RSS only

Square root

Figure4.39 Graph result of 270° using RSS only. Square formula gives the best result,

Number of position is smallest

Rotate Antenna
270°‘measurement
using Phase + RSS

Absolute

75

Figure4.40 Graph result of 270° using phase + RSS x 10. Square formula gives the best result,

Number of position is smallest.



Table4.13 Result data of each formula which rotate antenna set at 270°

Rotate Antenna 270 measurement

Square Absolute Square root
Correct Avg. of Max. Correct Ave of | Max Correct Avg. of M
. ¥ “ : =, - V13X e1ToT

estimation | error error estimation | error error estimation | efror oo

rat10ise] em; remg radiogs em; em: rati0ms] em; o
Phase 68.58 825 | 87.594 | 63.57 | 8.70 | 87.54 | 55.09 | 947 | §7.54
RSs 34.58 9.00 | 41.00 | 3343 | 9.52 | 52.50 | 26.26 | 11.38 | 50.00
Phase-RSS | 79,77 3.71 30.52 | 78.62 | 3.48 | 20.16 | 56.10 | 525 | 45.07

Bestcaseis Square formula using Phase + RSS

Worst case is | Square root formula using RSS
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Table4.13 reveals the result after calculated by those 3 formulas, As for this condition (rotate

antenna, antenna set at 270°) the result show that square formula using phase + RSS x 10 gives

the best result and square root formula using RSS only gives the worst result.

7) Graph of 2.5cm interval average 20 times measurement for first measurement and

315°measurement.
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315 measurement
using phase only

Absolute Square root

Figure4.41 Graph result of 315° using phase only. Square formula gives the best result,

Number of position is smallest

Rotate Antenna
315 'measurement
using RSS only

Absolute Square root

Figure4.42 Graph result of 315° using RSS only. Absolute formula gives the best result,

Number of position is smallest



315 measurement
using Phase + RSS

Absolute Square oot

Figure4.43 Graph result of 315° using phase + RSS x 10. Square formula gives the best result,

Number of position is smallest.

Table4.14 Result data of each formula rotate antenna set at 315°

Rotate Antenna 315 measurement

Square Absolute Square root
Correct Avg. of Max Correct Avg. of | Max Correct Avg of Max error
estimation | error etror estimation | error error estimation | error b bt
ratiors] cm: cm; radiorss) [cm om ratio] cm; o
Phase 8149 | 9.55 | 87.54 | 77.76 |[10.14( 85.15 | 70.30 |11.68 | 97.50
RSS 42.04 | 8.93 | 53.50 | 4247 | 9.25 | 52.50 | 37.88 |10.50| 87.54
Phase-RSS| 90 82 345 12.50 90.53 332 11250 | 67.72 | 494 | 25.00

_______ R P, 1
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Table4.14 reveals the result after calculated by those 3 formulas, As for this condition (rotate
antenna, antenna set at 315°) the result show that square formula using phase + RSS x 10 gives

the best result and square root formula using RSS only gives the worst result.

8) Graph of 2.5cm interval average 20 times measurement for first measurement and

360°measurement.

Rotate Antenna
360 measurement
using phase only

Square
e Sha

Square root

Figure4.44 Graph result of 360° using phase only. Square formula gives the best result,

Number of position is smallest



360 measurement
using RSS only

e

Y
T o9

Square root

Figure4.45

Graph result of 360° using RSS only. Square formula gives the best result,

Number of position is smallest

Rotate Antenna
360 measurement
using Phase + RSS

Absolute

Square root

Figure4.46

Graph result of 360° using phase + RSS x 10. Absolute formula gives the best result,

Number of position is smallest.
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Table4.15 Result data of each formula which rotate antenna set at 360°

Rotate Antenna 360 measurement

Square Absolute Square root
Corract Avg. of Max Correct Avg of | Max Correct Avg. of M
estimation | error error estimation | error error estimation | error g ,E:.::r
ratiogs] rem] lem] Tadiors] tem; rem; ratios] icm] sy
Phase 58.68 7.13 | 85.15 | 54.81 | 7.80 | 85.15 | 48.21 | 848 | 85.15
RSS 30.70 8.31 37.17 28.69 | 8.45 | 3536 | 24.53 9.77 85.04
Phase-RSS | 67.58 2.98 14.14 | 68.72 3.04 | 16.01 | 49.07 5.06 | 26.10

Best case is | Absolute formula using Phase + RSS

Worst case is | Square root formula using RSS

Table4.15 reveals the result after calculated by those 3 formulas, As for this condition (rotate
antenna, antenna set at 360°) the result show that square formula using phase + RSS x 10 gives

the best result and square root formula using RSS only gives the worst result.



82

Chapter 5

Conclusion and Recommendation

5.1 Research Summary
There are three major purposes of the experiments as follow
1. To check any effect of with and without wave absorbers.
2. To compares the measurement with two difference interval.

3. To check any effect when antenna being rotated.

According the experimental result we can concludes as follow conditioning with the
above mentioned purposes

1. In the case of measuring 2.5 cm interval with and without wave absorbers setup 1 and

setup 2, we compare result about with and without wave absorbers. Wave absorbers are used for
absorbing the wave from antenna at the edge of 2DC sheet.
In this cooperative education report, we evaluate position estimation method using phase and
power level difference of electrode array with and without absorber. Using the method with
absorber gives the best result in the case with using square formula and phase + RSS x 10. On the
other hand, the result that is obtained from square root formula by using level only yielded the
most inaccurate outcome. Using the method without absorber gives the best result in the case
with using absolute formula and phase + RSS x 10, and worst result is obtained by square root
formula and RSS only, which is aligned with the result from using the method with absorber.

2. In the case of measuring 2.5cm interval average 20 times for first measurement and
lem interval for second measurement, this is to compare the measurement with 2 different
intervals, numerous red lines can be observed from the result due to the fact that they are
measured from many different positions. The most accurate result is remained when calculated by
using phase + RSS x 10, and most inaccurate case is calculated by using RSS only.

3. In the case of rotated antenna setup 4, we would like to know if there are any effect to

the change of the degree of antenna rotating.
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In this part of the experiment that used 2.5cm interval average 20 times measurement
for first measurement and rotate antenna measurement, observations pointed out that in some
cases (i.e. 45 degrees and 180 degrees) numerous redlines are shown in the X-axis. This is
because an antenna that is not aligned in the center. As well as the former parts of the experiment,
results calculated by absolute formula and phase + RSS x 10 gives the best outcome, while results

calculated by square root formula and RSS only yielded the worst outcome.

5.2 Identified Experimental issue and possible solution
Issued identified in this experiment was the antenna has failed to remain in the center.
This can be solved by making a new base for the antenna which can be attached to an arm of the

robot firmly which will effectively solve the problem.

5.3 Additional Comment

Additional scenario should be integrated in future experiments. One of interesting
scenarios is to measure every other point. For instance, first measurement starting point at (0,0)
then move on to measure (0,2) then (0,4) so on and so forth, and second measurement staring

point at (0,1) then move on to measure (0,3) then (0,4) so on and so forth shows in Figure 5.1.

20 2.4
@ D 57 © P
& T D € P
O ¥ n O = £

- = © 0 04

Figure5.1 Position estimation
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C Program Source Code for Calculating Measure Data

#include <stdio.h>

#include <math.h>

#include <stdlib.h>

#include <string.h>

#define MAX_LEN 256

#define MAX_LINE 5000

int main(void)

{

FILE* fpl;
FILE* fp2;
char fname[80];
char *chl;

char *ch2;
char* bufl;
char* buf2;

int numl = 0;
int num2 = 0;

int i;

double** datal;
double** data2;
char* namel;
char* name2;
char** namel list;

char** name?2_list;
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bufl = (char*)malloc(sizeof(char)*MAX_LEN);

buf2 = (char*)malloc(sizeof(char)*MAX_LEN);

datal = (double**)malloc(sizeof(double*)*MAX_ LINE);

data2 = (double**)malloc(sizeof(double*)*MAX LINE);

for(i=0;i<MAX_LINE;i++){

datal[i] = (double*)malloc(sizeof(double)*R);

data2[i] = (double*)malloc(sizeof(double)*R);

}

namel _list = (char**)malloc(sizeof(char*)*MAX LINE);

name2_list = (char**)malloc(sizeof(char*)*MAX LINE);

printf("Input phase file name 1:");

Input phase file 1

gets_s(fname);

fpl = fopen(fname, "r");

if(fpl == NULL){
printf("Can't open file\n");
exit(1);

§

int flag;

while(fgets(bufl, MAX_LEN-1, fp1) != NULL){

chl = strtok(bufl, " ");
1=0;
flag = 0;

while(chl = NULL){




if(flag == 0){

namel _listf[num1] = strdup(ch1);

flag=1;
telse{
datal[numl][i] = atof(chl);
i+t
}
chl = strtok(NULL, " ");
H
numl++;
H
felose(fpl);
free(bufl);

printf("Input phase file name 2:");

gets s(fname);

fp2 = fopen(fname, "r");
if(fp2 == NULL){
printf("Can't open file\n");

exit(1);

while(fgets(buf2, MAX LEN-1, fp2) != NULL){

flag = 0;

ch2 = strtok(buf2, " ");

i=0;

Input phase file 2
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while(ch2 != NULL){
if(flag == 0){

name2_list[num?2] = strdup(ch2);

flag=1;
telse{
data2[num?2][i] = atof(ch2);
i+t
}
ch2 = strtok(NULL, " ");}
num2+-+;
}
felose(fp2);
free(buf2);
printf("Input level file name 1:"); Input level file 1

gets_s(fname);

FILE* fp3;

fp3 = fopen(fname, "r");
if(fp3 == NULL){
printf("Can't open file\n");

exit(1);

char* buf3;

char* ch3;
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char®* name3_list;
double** data3;

int num3 = 0;

buf3 = (char*)malloc(sizeof(char)*MAX_LEN);
data3 = (double**)malloc(sizeof(double*)*MAX LINE);
for(i=0;i<MAX_LINE;i++){

data3[i] = (double*)malloc(sizeof(double)*8);

}
name3_list = (char**)malloc(sizeof(char*)*MAX LINE);

while(fgets(buf3, MAX_LEN-1, fp3) != NULL){

flag = 0;

ch3 = strtok(buf3, " ");

1=0;

while(ch3 !=NULL){
if(flag == 0){

name3_list[num3] = strdup(ch3);

flag=1;

telsed
data3[num3][i] = atof(ch3);
i+

J

ch3 = strtok(NULL, " ");}

num3++;
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felose(fp3);
free(buf3);

printf("Input level file name 2:"); Input level file 2

gets_s(fname);

FILE *fp4;

fp4 = fopen(fname, "r");

if(fp4 == NULL){
printf("Can't open file\n");
exit(1);

H

char* buf4;

char* ch4;

char®* name4_list;

double** data4;

int num4 = 0;

buf4 = (char*)malloc(sizeof(char)*MAX_LEN);
data4 = (double**)malloc(sizeof(double*)*MAX LINE);
for(i=0;i<MAX_LINE;i++){

data4[i] = (double*)malloc(sizeof(double)*8);

}
name4_list = (char**)malloc(sizeof(char*)*MAX LINE);

while(fgets(buf4, MAX_LEN-1, fp4) != NULL){

flag = 0;
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ch4 = strtok(buf4, " ");

i=0;

while(ch4 != NULL){
if{flag == 0){

name4_list{num4] = strdup(ch4);

flag = 1;
telse{
data4[num4][i] = atof(ch4);
i+
}
ch4 = strtok(NULL, " ");}
num4-++;
§
felose(fp4);
free(buf4);
int j, k;

double** d1;
d1 = (double**)malloc(sizeof(double*)*MAX LINE);
for(i=0;i<MAX_LINE;i++){

d1[i] = (double*)malloc(sizeof{double)*7);

char si[3];
int start;

int end;

intf("Input start sink ber(0 - 7) :"); Input start sink number
prin nput start S numoer ) from sink 0-7.

gets_s(si);

start = atoi(si);
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if(start <0 || start >=7){

printf("Input start sink number error. start sink num set to 0\n");

start = 0;
j Input end sink
printf("Input end sink number(start+1 - 7):"); number from
gets s(si); start+1-7.

end = atoi(si);
iflend <= start || end > 7){
printf("Input end sink number error. end sink num set to 7\n");

end =7,

for(k=0;k<num1;k++){
for(j=start;j<end;j++){
if(abs(datal[k][j] - datal[k][j+1])<180){
d1[k][j] = abs(datal[k][j] - datal [K][j+1]);
telse{
d1[k][j] = abs(abs(datal [k][j] - datal[K][j+1])-360);

double** d2;
d2 = (double**)malloc(sizeof(double*)*MAX LINE);
for(i=0;i<MAX_LINE;i++){

d2[i] = (double*)malloc(sizeof{double)*7);

for(k=0;k<num?2;k++){

for(j=start;j<end;j++){
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if(abs(data2[k][j] - data2[k][j+1])<180){
d2[K][j] = abs(data2[K][j] - data2[k][j+11);
yelsef
d2[k][j] = abs(abs(data2[K][j] - data2[K][j+1])-360);

double min;

int min_num;
double buf min;
int 1;

double x_s;
double y s;
double x_e;

double y e;

char* a;

char* reg;

double td;
int td_num;

double e _max;

FILE* afp;

FILE* wip;

FILE* xfp;

afp = fopen("result.txt", "w");

wip = fopen("result_phase.plt", "w");

xfp = fopen("phase.dat", "w");

94



fprintf(wfp, "reset\n");

fprintf(wip, "set term post eps color \"Arial\"\n");
fprintf(wfp, "set output \"phase arrow.eps\"\n");
fprintf(wip, "set xrange[25:125]\n");
fprintf(wip, "set yrange[12:52]\n");

fprintf(wip, "set xtics 5\n");

fprintf(wfp, "set ytics 17, 5\n");

fprintf(wip, "set mxtics 4\n");

fprintf(wip, "set mytics 4\n");

fprintf(wip, "set nokey\n");

fprintf(wip, "set size square\n");

fprintf(wip, "set grid xtics ytics mxtics mytics\n");

printf("Input number(1:Power, 2:Abs, 3:Sqrt) : ");

gets_s(fname); Input formula by choosing number.

int form;

form = atoi(fname);

if(form != 1 && form !=2 && form !=3){
printf("wrong input number!\n");

exit(0);

td=0.0;
td num = 0;

e max = 0;

int m;
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for(k=0;k<num?2;k++){
min = 10000000;
min_num = 0;
for(j=0;j<num1;j++){
buf min = 0;
for(l=start;l<end;1=1+1){
if(form == 1){
buf min += pow((d1[j][1] - d2[K][1]), 2);
telse if(form == 2){
buf min += abs(d1[j][1] - d2[k][1]);
telse if(form == 3){
buf min += sqrt(abs(d1{j][1] - d2[k][1]));

¥
if(min > buf min){
min = buf min;

min_num = j;

reg = strdup(name2_list[k]);

a = strtok(reg, ",");
if(a != NULL){

x_s = atof(a);
telsed

printf("input file error 1 %s!\n", name2_list[k]);
H
a = strtok(NULL, ",");
if(a !=NULL){

y_s = atof(a);
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telsed
printf("input file error 2 %s!\n", name2_list[k]);

}

reg = strdup(namel_list{min_num]);
a = strtok(reg, ",");
if(a I=NULL){
x_e = atof(a);
telsed
printf("input file error 3! %s\n", namel_listfmin_num]);
H
a = strtok(NULL, ",");
if(a = NULL){
y_e = atof(a);
Yelse{

printf("input file error 4! %s\n", namel_listfmin_num]);

ifx s=x e&&y s=y e){
fprintf(xfp, "%f %f\n",x s,y s);
telse{
if(sqrt(pow((x_s-x_e), 2)+pow((y_s-y e), 2)) < 10){
fprintf(wip, "set arrow from %f,%f to %f,%f lw 4 Ic %d\n",

X S,y S, x ey e l);

telse if(sqrt(pow((x_s-x_e), 2)+pow((y_s-y e), 2)) >= 10 &&

sqrt(pow((x_s-x_e), 2)+pow((y_s-y_e), 2)) < 20){

fprintf(wip, "set arrow from %f,%f to %f,%f lw 4 Ic %d\n",

X S,y 8, X ey e2);

telsed

fprintf(wip, "set arrow from %f,%f to %f,%f Iw 4 Ic %d\n",

X 8, ¥ S, X €Y €3);
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}

td += sqrt(pow((x_s-x_e), 2)+pow((y_s-y_e), 2));

if{sqri(pow((x_s-x_e), 2)+pow((y_s-y_e), 2)) > e_max){
e_max = sqrt(pow((x_s-x_e), 2)+pow((y_s-y_e), 2));

}

if(sqrt(pow((x_s-x_e), 2)+pow((y_s-y_e),2))>=2.5){

td_num-++;

}

fprintf(afp, "**** using phase only ****\n");

fprintf(afp, "correct estimation ratio = %.21%% (%d/%d)\n", (double)(num?2-
td_num)/num2*100, num2-td num, num?2);

fprintf(afp, "average of error distance = %.2fcm (%.2fcm)\n", (double)td/td num,
(double)td/num?2);

fprintf(afp, "maximum error distance = %.2fcm\n", ¢ max);

fprintf(wip, "plot \"phase.dat\" w p ps 2 pt 6\n");

fprintf(wip, "set output\n");

felose(wip);

fclose(xfp);

double min2;
int min_num?2;

double buf min2;

FILE* wip2;

wip2 = fopen("result_level.plt", "w");
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FILE* xfp2;

xfp2 = fopen("level.dat", "w");

fprintf(wip2, "reset\n");

fprintf(wfp2, "set term post eps color \"Arial\"\n");
fprintf(wfp2, "set output \"level arrow.eps\"\n");
fprintf(wfp2, "set xrange[25:125]\n");
fprintf(wip2, "set yrange[12:52]\n");
fprintf(wip2, "set xtics 5\n");

fprintf(wfp2, "set ytics 17, 5\n");

fprintf(wfp2, "set mxtics 4\n");

fprintf(wfp2, "set mytics 4\n");

fprintf(wip2, "set nokey\n");

fprintf(wip2, "set size square\n");

fprintf(wip2, "set grid xtics ytics mxtics mytics\n");

td =0.0;
td num = 0;

e max = 0.0;

for(k=0;k<num4;k++){

min2 = 10000000;
min_num?2 = 0;
for(j=0;j<num3;j++){

buf min2 = 0;

for(I=start;l<end;1=1+1){

if(form == 1){
buf min2 += pow(((data3[j][1]-data3[jI[1+1]) -
(data4[k][1]-datad[k][1+1])), 2);
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Yelse if(form == 2){
buf min2 += abs((data3[j][1]-data3[j][1+1]) -
(data4[K][1]-datad[k][1+1]));
Yelse if(form == 3){
buf min2 += sqrt(abs((data3[j]l[1]-data3[j][1+1]) -
(data4[K][1]-data4[K][1+1])));

if(min2 > buf min2){

min2 = buf min2;

min_num?2 = j;

reg = strdup(name2_list[k]);
a = strtok(reg, ",");
if(a = NULL){

x_s = atof(a);
telsed

printf("input file error 1 %s!\n", name2_list[k]);
}
a = strtok(NULL, ",");
if(a !=NULL){

y_s = atof(a);
telsed

printf("input file error 2 %s!\n", name2_list[k]);
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}
reg = strdup(namel _listfmin_num2]);
a = strtok(reg, ",");
if(a = NULL){
x_e = atof(a);
telsed
printf("input file error 3! %s\n", namel_listimin_num?2]);
}
a = strtok(NULL, ",");
if(a 1= NULL){
y_e = atof(a);
telse{

printf("input file error 4! %s\n", namel _list{min_num?2]);

iflx s=x e&&y s==y e){
fprintf(xfp2, "% f%M\n",x_s,y s);
telsed
if(sqrt(pow((x_s-x_e), 2)+pow((y_s-y_e), 2)) < 10){
fprintf(wip, "set arrow from %f,%f to %f,%f Iw 4 Ic %d\n",

X S,y S, X evyel);

telse if(sqrt(pow((x_s-x_e), 2)+pow((y_s-y_e),2)) >= 10 &&

sqrt(pow((x_s-x_e), 2)+pow((y_s-y_e), 2)) <20){

fprintf(wip, "set arrow from %f,%f to %f,%f Iw 4 Ic %d\n",

X S,y S, X €79y € 2);

telsed
fprintf(wip, "set arrow from %f,%f to %f,%f lw 4 Ic %d\n",

X 8,y 8, X €Y ¢,3);

h
td += sqrt(pow((x_s-x_e), 2)+pow((y_s-y_e), 2));
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if(sqrt(pow((x_s-x_e), 2)+pow((y_s-y_e), 2)) > e_max){
e_max = sqrt(pow((x_s-x_e), 2)+pow((y_s-y_e), 2));

}

if(sqrt(pow((x_s-x_e), 2)+pow((y_s-y_e),2))>=2.5){

td_num-++;

}

fprintflafp, "**** using level only ****\n");

fprintf(afp, "correct estimation ratio = %.2f%% (%d/%d)\n", (double)(num?2-
td_num)/num2*100, num2-td num, num?2);

fprintf(afp, "average of error distance = %.2fcm (%.2fcm)\n", (double)td/td num,
(double)td/num?2);

fprintf(afp, "maximum error distance = %.2fcm\n", € max);

fprintf(wip2, "plot \"level.dat\" w p ps 2 pt 6\n");

fprintf(wip2, "set output\n");

felose(wip2);
fclose(xfp2);

printf("Input weight for level:"); Input weight number.

gets s(fname);

double weight;

weight = atof(fname);

double min3;
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int min_num3;

double buf min3;

FILE* wfp3;
wip3 = fopen("result_total.plt", "w");
FILE* xfp3;

xfp3 = fopen("total.dat", "w");

fprintf(wip3, "reset\n");

fprintf(wfp3, "set term post eps color \"Arial\"\n");
fprintf(wfp3, "set output \"total arrow.eps\"\n");
fprintf(wfp3, "set xrange[25:125]\n");
fprintf(wip3, "set yrange[12:52]\n");
fprintf(wip3, "set xtics 5\n");

fprintf(wip3, "set ytics 17, 5\n");

fprintf(wip3, "set mxtics 4\n");

fprintf(wip3, "set mytics 4\n");

fprintf(wip3, "set nokey\n");

fprintf(wip3, "set size square\n");

fprintf(wip3, "set grid xtics ytics mxtics mytics\n");

td=0.0;
td num = 0;

e max = 0.0;

for(k=0;k<num?2;k++){
min3 = 10000000;
min_num3 = 0;
for(j=0;j<num1;j++){

buf min3 = 0;
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for(I=start;1<end;1=1+1) {
if(form == 1){
buf_min3 += pow((d1[jI[1] - d2[K][1]), 2) +
pow(((data3[j][1]-data3[jI[1+1]) - (data4[k][1]-datad[k][I1+1])) * weight, 2);
Yelse if(form == 2){
buf min3 += abs(d1[j][1] - d2[k][1]) + abs((data3[j][1]-
data3[j][1+1]) - (datad[k][1]-data4[k][1+1])) * weight;
Jelse if(form == 3){
buf_min3 += sqrt(abs(d1[j1[1] - d2[k][1])) +
sqrt(abs((data3[j][1]-data3[j]1[1+1]) - (data4[k][1]-data4[k][1+1]))) * weight;
}

if(form == 1){

buf min3 += pow((data3[j][1] - data4[k][1]) * weight, 2);
Jelse if(form == 2){

buf min3 += abs(data3[j][1] - data4[K][1]) * weight;
Yelse if(form == 3){

buf_min3 += sqrt(abs(data3([j][1] - data4[k][1])) * weight;

if(min3 > buf min3){

min3 = buf min3;

min_num3 = j;

H

reg = strdup(name2_list[k]);
a = strtok(reg, ",");

if(a = NULL){

x_s = atof(a);
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telsed
printf("input file error 1 %s!\n", name2_list[k]);
H
a = strtok(NULL, ",");
if(a 1= NULL){
y_s = atof(a);
telsed
printf("input file error 2 %s!\n", name2_list[k]);
H
reg = strdup(namel_listfmin_num3]);
a = strtok(reg, ",");
if(a = NULL){
x_e = atof(a);
Yelse{
printf("input file error 3! %s\n", namel _list{min_num3]);
J
a = strtok(NULL, ".");
if(a != NULL){
y_e = atof(a);
telse{

printf("input file error 4! %s\n", namel_list[min_num3]);

ifx s=x e&&y s=y e){
fprintf(xfp3, "%f%f\n",x_s,y_s);
telse{
if(sqrt(pow((x_s-x_e), 2)+pow((y_s-y_e), 2)) < 10){
fprintf(wfp, "set arrow from %f,%f to %f,%f lw 4 Ic %d\n",

X S8,y S, x evyel);
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else if(sqrt(pow((x_s-x_e), 2)+pow((y_s-y_e),2)) >=10 &&
sqrt(pow((x_s-x_e), 2)+pow((y_s-y e), 2)) <20){
fprintf(wfp, "set arrow from %f,%f to %f,%f Iw 4 Ic %d\n",
X S,y S, X €Y ¢e2);
telse{
fprintf(wip, "set arrow from %f,%f to %f,%f Iw 4 Ic %d\n",

X 8,y S, X €9 € 3);

td += sqrt(pow((x_s-x_e), 2)+pow((y_s-y_e), 2));

if(sqrt(pow((x_s-x_e), 2)+pow((y_s-y_e), 2)) > e_max){
e_max = sqrt(pow((x_s-x_e), 2)+pow((y_s-y_e), 2));

}

if(sqri(pow((x_s-x_e), 2)+pow((y_s-y_e),2))>=2.5){

td num++;

}

fprintf(afp, "**** using phase and level*%.2f ****\n" weight);

fprintf(afp, "correct estimation ratio = %.21%% (%d/%d)\n", (double)(num?2-
td_num)/num2*100, num2-td num, num?2);

fprintf(afp, "average of error distance = %.2fcm (%.2fcm)\n", (double)td/td num,
(double)td/num?2);

fprintf(afp, "maximum error distance = %.2fcm\n", ¢ _max);

fprintf(wip3, "plot \"total.dat\" w p ps 2 pt 6\n");

fprintf(wip3, "set output\n");
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fclose(afp);
fclose(wip3);
felose(xfp3);

for(i=0;i<MAX_LINE;i++){
free(d1[i]);
free(d2[i]);
free(datal[i]);
free(data2[i]);
free(data3[i]);
free(data4[i]);

}

free(dl);

free(d2);

free(datal);
free(data2);
free(data3);
free(data4);

free(namel list);
free(name2_list);
free(name3_list);

free(name4 _list);
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Gnuplot Program for plotting graph of the result data

“Gnuplot” is a command-line program that can generate two and three dimensional plots of
functions, data, and data fits. It is frequently used for publication quality graphics as well as

educational purposes. The program runs on all major computers and operating systems

(GNU/Linux, UNIX, Microsoft Windows, Mac OS X and others). It is a program with a fairly

long history, dating back to 1986. This software is not distributed under the GPL license, opting
for its own open source license instead. Gnuplot can produce output directly on screen, or in

many formats of graphics files, including PNG, EPS, SVG, JPEG and many others. It is also

capable of producing LaTeX code that can be included directly in LaTeX documents, making use
of LaTeX's fonts and powerful formulae abilities. The program can be used both interactively and
in batch mode using scripts. In this section, we will present how to use Gnuplot program in this

experiment.

1) Screen after start up

— = =S = ————— —
Elnuric
File Plot Expressions Functions Generai. Axes Chyrt Styles 3D Help

[Fl.eplut ]I Open H Save | ChDir H Print || PriSc ]I Prev H Next ‘

GHUPLOT
Yersion 4.4 patchlevel 3 [
last nodif ied Harch 2011
Susten: HS-Hindous 32 bit

Copyright (C) 1986-1993, 1993, 2004, 2007-2010
Thonas Hillians, Colin Kelley and nany others

nuplot hone: http://uum.gnuplot. info

ag, bugs, etc:  tupa "help seeking-assistance"
innediate help:  tupe "help”

plot windouz hit 'n’

Terninal type set to ‘ust’
gnuplot>

Figure B.1 Screen display after start up program



2) Insert experiment data after calculate

File Plot

ressions Functions General Axes Chart Styles 3D Help _
| Replot (_ Open ) Save | ChDir | Print | Prtsc | Prev |[ Next |

GHUPL
Yersion 4.4 patchlevel 3 (3
last nodif ied Harch 2011
Systen: HS-Windous 32 bit

Copuright (C) 1986-1993, 1998, 2004, 2007-2010
Thonas Willians, Colin Kelley and nany others

uplot hone: http://uum.ghuplot. info

aq, bugs, etc:  tupe "help seeking-assistance"
innediate help:  tupe "help"
plot nindouz hit 'h’

Terninal type set to “uxt’
ghuplot>

Figure B.2 Click open to choose file name

£ v 6@

Organize » New folder
| ol ame ° ate modified
* Favorites W 2 % Type
& Downloads | b 21107/191539  Filefold
B Desktop _tvare 2011/07/1915:39 File folde
! ‘El Recent Places (7] result_levelpit 2011/09/13 14:20 PLT File
| N It_phasespit 2011/09/13 14:20 PLT File
4 Libraries T [H] result_total.plt 2011/09/1314:20.  PLT File
& Documents
& Music
Pictures
B videos Ll
* Homegroup
1% Computer viilenssaee s sl — —] ¢
ﬁ!emmei v‘ [Ddault{!splt) ﬂﬁl
| e[| Open [ | Cencel |

Figure B.3 Choose file name and click open
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3) Plot an evaluation graph.

Ei] gnuplot =

File Plot Expressions Functions General Axes Chart Styles 3D Help
_Replot || Open | save | cnbir || Print | Prisc | Prev | Next |

GHNUPLOT i
Version 4.4 patchlevel 3 [
last nodif ied Harch 2011
Suysten: HS-Uindous 32 hit

Copyright (C) 1986-1993, 1908, 2004, 2007-2010
Thonas Hillians, Colin Kelley and nany others

gnuplot hone: http:/fuua.gnuplot . info

faq, bugs, etc:  tupe "help seeking-assistance
innediate help:  tupe “help"

plot uindou: hit ’h’

Ternin T set to ‘unst’
qnup].lg load 'C:\UsersiPok\Dasktopgnuplotibinaryresult level plt’
gruplot>

Figure B.4 File path name of experiment data

4) Display result in Microsoft PowerPoint or other program

ﬁ.ﬂ » gnuplot » binary »

| Organizev [ Open  Sharewith v New folder
* re— T MName Date mod?fied Type =
| [ Downloads i 2011/10/2412:25 EPS File ‘
l B Desktop _] totolamow.eps | 011/09/131422  EPSFile
%l Recent Places .| phase_arrow.eps 2011/09/13 14:22 EPS File
| result.tt 2011/09/1314:20 Text Document
2 Libraries | result_total,pit 2011/097131420  PLTFile I
B Documents \ 4] totaldat 2011/09131420  DATFile !
o) Music 4] level.dat 2011/09/1314:20  DAT File |
i) Pictures 4] phase.dat 011/09/1314:20  DAT File
B videos ‘ ) result_level.plt 2011/09/131420  PLTFile
1] result_phase.plt 2011/09/1314:20  PLTFile
#& Homegroup | phasel.bxt 2011/08/01 17:18 Text Document
|| wgnuplot.GID 2011/03/078:40 GID File
1% Computer & pgnuplot.exe 2011/03/07818  Application
& Local Disk (C:) Q wgnuplot_pipes.exe 2011/03/07 8:18 Application
i Q wgnuplot.exe 2011/03/07 8:17 Application -
€ Network >4 I, ’

Figure B.5 File result
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File Edit View Insert Format Tools SlideShow Window Help

NeHe8 | SRY {a2as | o-o- | mEOH2|

: Arial CE

Type a question for help
Bz U o=

./ Outire ' Shdes '

E =N =
x

~ | (2 Design 21 New Slide
2

Click to add notes
Emw | |

Figure B.6 Experiment data graph
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