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We estimate the position of device using phase and power difference of input electrodes upon 

receiving pilot signal from the device. We use a C program for position estimation to calculate 

experiment data and Gnu plot program to plot position estimation graphs. The result in this report 

would be useful for future research. 
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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  

  

  

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

 

 
 

Figure 1.1   Map of NICT 
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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. 

 
 

The National Institute of Information and Communications Technology (NICT),

incorporated administrative agency, was estttaaaabblished by merging the Communications Resea

Laboratory (CRL), an incorporated addddddddmmmmmmmiinnnnnnnnnniiiistrative agency and the Telecommunicati

Advancement Organization (TAO).

1.2.1 Mission
As the sole national researcccchhh institute in the innnnformation and communication filed, w

NICT will strive to advance nationnnal technollloooooggies and ccccoontribute to national policies in the fi

bby promoting our owwnnnnn rrrrreesseeeeaaarch aaand develooppmennt and by ccccoopeeerrattiiinnnnggg with and supporting out

pparties.

1.2.222 VVVVision
NICT belliievveeees ttthat the essssential role of coooommunicatttionnnnnss is to promote our mu

understaaaannnding and ttto accchhieve better relations between people and pppeoppllle, people aaaand society, 

bbeetween ppeeeeeoople aaaand nnature, by overcommmiinnggg tthheee various boundariiiieeees wwwwhich may exit betw

generaaation, natioons, etc. NICT wwwwwiiiill make every effort too bbbbecome a wwworldddd leader innn achievin

reealize this dreamm ooof universsaaaal ccommunication.

1.2.3 Action Priiinnnciiiipless

1..2.3.1 CCrreattiiiiinnnnggggg TTTeeccccchhnooooolllllloooggggggiiiiiees 
          NICT will uuuunnndertake research andd ddddeveloppmment by puuursuuuiiingg orig

techhhhnnnnologies, worrrlllldd--lleading tecchhnologies, and technologiies which shouuuuulllllddd bbbenefit societyyy.

1.2.3.2 Contrrrrributiooons tooo Societyyy 
    NICT will try to disseminate the results of our research throughout society
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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. 

 

 
 

Figue1.2   NICT Organization Chart 

        NICT will exercise our maximum capacity or ability by acknowledging the importanc

our social responsibilities and devoting ourrselves to self-improvement with a strong sense

ethics and a spirit of independence.

1.3 Organization 
 NICT Headquarters is locatedddd in Tokyo andddd some research center office, are located

over in Japan. 
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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. 
 

Position:  Research Assistant   

General tasks: Responsible for suuuupppppooorting the on-going development projects. Posi

Measurement annnndd Estimmmmation using retro-directive scheme for near-f

communicationnnn system. 

1.5 Training Supervisor 
   

   Name:  Dr. Bing Zhang   

   Posiition: SSSSeniioorrrr RRReesearchher anndd Trainiing Supeeerrrvisor   

1.6 Traaaaiiining Perrriodd 
 Frrooooom Julllyyyy 8,2222011 to Novemberr  333,,,2200011111 ((4444  mmonths) 

11.7 Research OOObbbjective 
 The objective of tttthiiiiiisssssss proooooojjeccttttt is ttttttoooooo eeeesstttttiiiiimmaaaaattttttteee thhheee poosssssitioooonn offf a device on a Twoooo-DDDiimensio

Commmmmmmmunication Sheet ((((2DC shhheeett)) in orrrdddddeeer ttttooooo ccoooooonnnccenttttrateeeee on ppproviding location-ssssppecific

Locattttiioonnnnn---ssspppecific Multtttiiiimmmmedia Seeerrviccccees. 

1.8 Expected RRRReeesssssuult 
 The exppppeccccttted resssuuuullltt ooof this project is to precisely esttiiiimmmaaate the pppossssition of a ddddevice o

Two-DDDiiimmensiiion Communicatttiiiiion Sheeeet. 
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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- 

Applied Theories and Technologies  

2.1 Introduction 
 To improve our daily life suppppooorted by iimmproving the surrounding tool or furniture 

fundamental step to do. For example, tttables are veryyyy common and useful furniture. The table 
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estttaaabbllliissh aa ccommmunnnnication cooonnnnection between 2 devices, buutttt it also cannn prrovideee otheeerrr ssseervice
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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. 

power transmission to the various conductive paths that are established.  

 Lifton and Paradiso have proposed Pushpin Computing system [2]. They use a surf

with pushpins and layered conductive sheeeeeeeets, where direct contact to conductive layers in 
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close to each other, and network routinnnng needs to bbeee completely handled in a distributed fash

which increases the complexity a greeeat deal for use a nnnetwork in home environments. To envis
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contact wiith the MMM-layer. WWWWiiithh this layered composition, an eeeelectromagggggnnnetic (EM) wavveeee can

coooonfined within tthhhhe 2DC sshhhheeeeeeeeetttttt ddddddeepeennnnddddddiiiiinnnggggg oooon tthhhhhhheee rellllaaaattiiiiiive ppppperrmmmmmiiiittttiiivity of the D-layer and ttthe m

structuuurrreee of tthe M-layerr. When tthhe ffrequeennnnccccyyy ooof EEEEEEEMMMM is 2222.4 GGHz aand the relative pppeeerrmmittivity

D-layyyer is 2.3, the inteeerrr-stripe diiisstannnncee annddd tthhe stttrrrrrriiiippppe wwidddddttth ooooof M-llaaayyyer can be set to 777 mm an

mmmmm rrrrespectttiiively. HHoweveerrr,,, thheeee eeelllleeeccctttrrroommaaagggnnneeetttic wavvee cccaaannn ssttiiiillllllll bbbbeee seeped out ffffrrom theee surfac

the 22DCCCC sssshhhheet. We called this phhhheeennnomenon an “evanessccceeeent wave”” (Figure 2.2).. TThhhe eeevanesc

wavee is formed wwwhhheen the electromagnnetic wave insidddeee thhe 2DC sheet iiiiisss rrreeflected off thhhe surf

Thee term “evannnnesceeennnntt” mmeanssss “tending to vanish”. This is bbbbecaaaauuuuse tttthhhhe innnntensity of eeevanesc

wave ddecays exponentially aaccccccoorrrrdddinnggg to thhhhe distaannnce ffffrrrrromm tttthhhheeee surface of the 2DC sheet to the

Meanwhile, the connector is an antenna by which an electromagnetic wave is extracted from
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Figure2.1   Structure of the 2DC sheet 
 

 
 

Figure2.2   Evanescent wave 

 

 

 

FFiigure2.1   Structure of the 2DCCCC sheet

Fiigure2222.2   Evvaaanesccccentt wwwwaaaavvve 
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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 Φ (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, Φ 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, Φ = 0 to 2π (radians) or Φ =  0 to 360° depending upon the 

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

antenna, c0p2 and c0p3.  Figure2.3 shows phase difference. 

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

changed.  The phase difference of c0p2 and c0p3 is presented as follow:  
 

In this section, we describe an abstract of position estimation method. Position estima

method used two factors, phase and power llleeevel. If there are two electrodes at the edge of 2

sheet and electrodes receive electromagnnnetic wave from a device on the 2DC sheet, ph

difference and power level difference oooof electttrrromagnetic wave occurred between electro

Thus, we use these factors to estimate the positioooon for 2DCS. We explain a principle of ph

difference and power level as in the Sections 2.5 aaand 2.6. After that, we explain the posi

estimation in  Section 2.7. 

2.5 Phase Differeeennnncccccee offff Mullltiple Inputs 
 The pppphhhhaase ddifference [5][6] or phase shift, also calllllled a sssinusoidal wavef

(Sine Waveeee))) is the anglee  ΦΦ ((Greek letttteer Phi) in ddeeegggrees or raddiians that the waaaavvvveform has shi

from aa ccceeeerrtaiinnnn reference pppppooint alonggg the horizontaal zzzero axis. IIIIn other worrdddds, ppphhhaaaasssee shift is

laterraaaal difference beeettttwwwweeeeeeen two oor more wwwwaaaveformmmsss along aa ccccooommon axis anddd sinuso

waveformmmms of the sssaaamee frequency which can have a phase differenccce.

Thhhe phaaassse diiiiffference, Φ of aannn aalltteerrrnnaattttiiinngggg waveform cann varyyyy fromm betweenn 0 to

maximmmum time pperiioood, T of theee wwaveform during one commmmpplete cycleee andd this can be anywh

aalong the horizonnntaaal axis betttwwween, Φ = 0 to 22π (radians) or ΦΦΦΦ =  0 to 336660° depending uupon

aannnnggguuulllaaaarrrr units used.  Figureee 22222...333333 ssshhhhhhowwwwws eeeeeexxxxaaammmmmppple ooooof diifffffffeerennnnnce ddistttaaance between two eeelleeeccctttrrroodes 

antennnnnnnaaa, c0p22 and c0p3.  Figure22222.3 sshowss pppphhhaasssssse ddddddiiiiiiiffffffeeeerennncce. 

WWWhen the device mmmoves, thheeeee phhhhasse ddiffffffeerenceeeeesssss oofff eevvvvveeeryy ppair ooffff neigghboringgg pluggggs are 

chaaannnnggged.  TTTThhhe phase differreeennnce of c0p2 andd c0p3 is ppreseented aaaass follow:
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Figure2.3   Difference distance of two electrode arrays 

 
2.5.1 Phase Difference Equation 

      (2.1) 

 

       (2.2) 

Where  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. 

FFiiggguuure2...33   Difference ddistance offff two eelectttrrrooode arrays 

2.5.1 PPPPhhase Differeence Equation 

     ((((2.1)

       (2.2)) 

Where  is the wwwwwaave length of electrommmaaaaggggnetic waveee in tttthhhe 2DC shhheeeeeeett aand 

thheeee pphhhase aangle in degrees oooorrr rradians that the waveform has shifted eiiitttthheeer lefftt or riiiggghhhttt ffffrom

reeeference point. 
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Figure2.4   Phase Difference 

 

    2.5.2 Wave Function Equation 
     (2.3) 

Where: 

: the amplitude of the waveform.

     : the Exponential Function.

               : the complex number.

             : wave number (spatial frequency) can be associated 

with the wavelength by the relation =

        : the distance.

                        : the angular frequency of the waveform in radian/sec.

            : the time.

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

 

FFFFiiigure2.4   Phase DDDiiiifffffference 

    222..555..22 Wave Fuuunctttiion Equationnn
    (((222.33)))) 

WWWhere: 

: tththt eeee e ammmmmpplititttuddddeeee oofoffofoof ttttttthehehh  wwwwwwwavvveeeforrrrm..

     : the Exxxxpponnnnentiaalll FFFuncncncccctitt ononn..

               : tht e cocococoompmpmpmpmplelelelelex xx nununuuumbmmmbmbmbmbere .

             : waveeee n nnumber (spatial frequenncycycycy)) can n be associateteted 

with tthe wavelengtth by the rrelata ion =

        ::: the ddidd stance.

                       : the e ananannguguggulalalar freqqqquencyy y of tttthehhhhe www waavava eform in radian/sec.

            : the time.

 



11 
 

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/ , 

where  is the distance from the transmitting slide and � 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 � 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 

    (2.4) 

 And the total received power when the coordinator is at the corner can be expressed as 

               (2.5) 

 Where  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. 

 

 Path loss or path attenuation is the reduction in power density (attenuation) of

electromagnetic wave as it propagates throuuuggggh medium like space or 2DC sheet. Path loss 

major component in the analysis and designnn of aaa telecommunication system. 

This term is commonly used in wireless ccommuuunnnications and signal propagation. Path loss m

be due to many effects, such as propaaagation losssss, refraction, diffraction, reflection, apert

medium coupling loss, and absorppppttttiion. Path lossssss is also influenced by terrain conto

environment (urban or rural, vegetaatttion and foliage), ppppropagation medium, the distance betw

the transmitter and the receiver, annddd the heighhht and locatttiiion of antennas. [7] 

2.6.1 Path Model forrrr 2D Communiication Medium [8] 
 Thhhheee electromagnetticc wave thaaaatttt pppprrrrooppaaggggaaaaattteees insidde thhee 2D shheet is aaaatttttenuated with 

distance. In thhheee wirelesss medium, the tttotal signal ppowwwer typically iiss assumedddd  to decay with 1/

wherrreeee  is the dddiisstannnccccee fffrom the tttrransmitting slide aaaand � is ttthhheeeee ppathh loss coefficcciient of 3

Howeverrrr, in the 2DDD mmmmeedium, the total signal power iis assumeddd to dddecrease wwwwiith distance

whhhich � iiiiiss equuuuivaleeent to one based oonnn  ttthhhee  FFFriss transmission equaaaaation. Unlike a wire

meddiiuummm, the tottal rrreceived poowwwwwer in a 2D medium ccccaaannn vary frommm thhhhe touchedddd sssiiize of 

coonnnnector placedd ooonnn top of ttthhhhe 22DC sheet. For simplicity, wee can modeeelllll ttthhe total receiiiveeeeddd po

ppprrrropportional to thhhhe connecccttoooorrr ddddddiiiiiiaaaaammeeeettteeerrrrr ((DDDDDD)))))).. Thhhhhhheeeeee tottaaaaall rrecceeeiveeeeddddd pppower in the 2D mediummm depe

on the cccoorddinator placeement; eeeeeiithheeer the ccccooooooorrrrrrdddinnnaaaaaaatttooorrr is aat aaaaany pppoooint on the 2D ssshheeet or at 

corneeer. Thus, the total received pppppowwweerr (PPrr)) wwwwheenn tttttthhhhe cccooorrrrrrdinnnaator iss aaat any point can bbeee expres

as

    (2..44) 

 And the tttooootttal received power when the coordddiinnnator is at the corrnnnnerrr can be expreeessed a

               (((2222.5) 

 Where  is the power supply of tthhee cccooooordinator in watts. Figure 2.5 shows the 2D p

loss model when the coordinator is at any point or at the corner of the 2DC sheet
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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. 

 

X Y D1,2 D2,3 D3,4 D4,5 D5,6 D6,7 D7,8 

25 12 A11 A12 A13 A14 A15 A16 A17 

65 17 A21 A22 A23 A24 A25 A26 A27 

        

Figure2.5   PPath-loss model for 2D Communiiccccation

2.7 Pooosssiiitionnnn EEstimationn Equatiooon 
In the evaluaaattttiiiioonnnn, we propppooose threee eeeqqqquations that are sqqquaaaarrred, absolute anddd  square 

to find thhhhe accurateee posssiiition of device.  These equations can show the aaaaccurate poooosition and e

poosition off dddddeviceeee.  Fiiirrrrst we measure thheee pppphhaaasssee aannnndd pppower level infoooormaatttttiion oof several pppoints

the 2DDDC sheet aand mmake a dataaabbbbbase in advance. Tables 2222...1 and 2.2 ssshowww the wayyy to gather

ddatabase of first ttimmme and seccccond time. 

Tableeee2222.11   TThhe databasee of first tttiimeee. 

XXX Y D1,2222 D2,3 D3,4 D4,555 D5,6 DDDD6,77 D7,8

22225 1222 A111111 A12 A13 A14 A1555 A16 A17

65 17 A21 AA22 AAA222223 A24 A25 A26 A27
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125 52 An1 An2 An3 An4 An5 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 B11 B12 B13 B14 B15 B16 B17 

65 17 B21 B22 B23 B24 B25 B26 B27 

         

125 52 Bn1 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      (2.6) 

Absolute Formula      (2.7) 

Square root Formula     (2.8) 

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

and  is that from measured value. 

 
 
 

 
 

Table2.2   The database of second time. 

X Y D1,2 D2,333 D3,4444 D4,5 D5,6 D6,7 D7,8

25 12 B11 BBBB12 B13 B14 B15 B16 B17

65 17 B2222111 B22 BB23 B244 BBB25 B26 B27

122225 52 BBBBn1 BBBBn2 BBBBnnnn333 Bn4 BBBn5 Bn6 Bn7

Then wwwe comparre thhee phase anddd pppppower differences of dataaaabbbbaase betweennn 1sttt time and 222nd time.

WWe estimate the mmmiiiinimum reeeesullt of these formulas as estimatedddd position.

TTThhhhee ffooorrrmulas show as: 

Squareeeee FFFormmula      ((22.6) 

Absooolute Formula       (((222.7) 

Squuuuaaarrrre rootttt FFormula     (((2222.888) 

Wheeeere,  is pphase differencee ooorrrr ppppower level diffeeerrrreennce of electrode i and i+111 fffrrromm databa

and  is thattt fffrrrom measured valuue. 
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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 1st time and 2nd 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. 

 

 

 
 

Figure2.6   Measurement area 

 

In this part we explain about position estimation method. Figure 2.6 shows 

measurement area. After gathering all daata of every point (Both 1st time and 2nd t

measurement), we estimate the position bbbbyyy uuussing square formula. If a position has minim

value, the position is estimation position. FFFF7 is mmmiinimum value that position is estimation posi

shows in figure2.9. 

Fiiggggguure22..66666   Measssssuuuuuurreeeemennnnnt aaaarrrrea 
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Figure2.7   Database of first measurement 

 

 

 
 

Figure2.8   Database of second measurement 

 

Figure2...7777   Database off ffffiiiirrrst measurrrreeeemment 
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Figure2.9   Calculate result using square formula 

  

 
 

Figure2.10   Estimation position 

FFFFFiiiggure2.9   CCCCalculate resullt uuuusing squarrrreeee formula 
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Chapter 3 

Work Plan and Process 
 
3.1 Work Plan 
 
Table3.1   Project work plan 

 
Subject July August September October November 

 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

Study about Near-field 
communication 

                        

Measurement                         

Evaluation of 
conventional 

estimation methods  
                        

Improve position 
estimation methods 

                        

Data summary and 
Preparation for 
presentation 

                        

Presentation                         

 

 
3.1.1 Measurement Phase and Power of 2Dimensional Communication sheet 
 
 
 
 
 

Work Plan and Process 

3.1 Work Plan

Table3.1   Project work plan 

Subject July August September October Novembe

1 2 3 44 5 1 2 3333 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4

Study about Near- ifififieleee d
communnicciccatattation

Measurru emee ent

EEvE aluattion ooof f
coccoc nventional 

estimaaaattit on methohohods 

Improve posittion 
estiiimmmation meethooddsd

DData summary aaandndnd 
PPrreparation for 
presenttat tion

Presssentation

3.1.1111 Measuremmeeeennnnt Phase and Power of 2Dimensioonal Communicatiiiioooonnn sheet 
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Table3.2   Measurement work plan 

 
Subject July August September October November 

 1 2 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 
on the top of 2DC 

sheet with absorber 

                        

 

Subject July August September October Novembe

1 2 3 4 5 1 2 333 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4

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

Measuremmememenntt tt offf 
positionnn o of device 

every 2.5cm..mm  interval,l  
thattt input electtrorode 
are ee ataa tached on thhhhee e

top and d dd right, toppp anddd 
booottom, anannnd 4sidddes oooof 

2D2 C sheet wittht outt t
absorberr

Measuremennnt t t t of 
popoposisiisititt on of device 

every yy 222.5cm.m  interval, 
202000 times that input 

electrtrtrt ododdddee e araa e attachededdd 
onononon the toopoo  of 2D2DC 

shhheee t t t wiiitthttt  absorber

MMeMMM asuremennntt t oofo  
poooop sition of deeded vivivivicecc  

eveveeere y y 2.5ccm..m  rotate 
antenna that input 

electrode are attached 
on the top of 2DC
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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 

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

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

(III) 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. 

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

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

(III) 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.  

(I) Antenna set at 45°. 

(II) Antenna set at 90°. 

(III) Antenna set at 135°. 

(IV) Antenna set at 180°. 

(V) Antenna set at 225°. 

(VI) Antenna set at 270°. 

(VII) Antenna set at 315°. 

 In this project we are responsible to measure phase and power level information of p

signal that is sent from antenna on the 2DC sssheet to electrode array. We have 8 experiments 

input electrodes are attached at the differennnces edges of the 2DC sheet, i.e. top, top and right,

and bottom and 4sides. Some experimentttssss do nottt attached absorbers. For most of experiments

measure twice every 2.5cm on 2DC shhheeeet. After tttthat we calculate estimation formulas and 

the graph to evaluate the correct positiiiioooon and error dddiiisstance of each experiment. 

3.3 Experimental Setup     

There are ttooottttaaalllllllllly fffoooouur tyyyypppes of setups and each setttuup coooonntaiiinnsss specific case as follow: 

Setup 1   attaacccchhhh wwwavee absorbers sheet at the edge of 2DC sheet 

(I) Electrodde arrays are cllliiiipped at the ttop and righhtt side of 2DC shhhheeet. 

(((IIII)) Four elecctttrodes are ccclllipped at the ttopppp and bottooommm side of 2DDDCCCC shhheeeeeetttt.. 

(III) Electtttrrrroddddee arrays arrre clippppppeedddd aaattt the 4 siiiidddes of 2DCCC ssshhheet. 

Setuppp 222   do not atttttach wwwave absorbers sheet Figure3.1 at the edge oooof 22DDDDDC sheet. 

(I)) EEEElecttttrode arrays are cclllliiippppppppeeddd aaatt tthhhheee ttttooopp and right sideee of 22222DDC sshheet. 

(II) Fouuuur electrodeesss are clipped at the top andddd bbbboottom sidee of 222DC sheet.. 

(III) EEElllectrode aaarrrrays are clipped aat the 4 sides of 2222DDC sheett.

SSeeeetttuuuppp 3333 wave absorbers shhheeeeeeetttttt FFiiiggurreeeee3.111111 iiis aaatttttacccchhhhhh at ooofff 2DDDDCC tthhhhhe edddge sheet. Electrodeee aaarrrrrraaays ar

clippppppeeeedddd at the top side offff 2DC shhheeett aand eleeeeecccttrooooodddddde iiiinnnnnnnttteeerrvalll is 11115cm. 

(I) Elllleectroodde arrays areeee clipped aaaatt thheee ttop siiddddee of 22DDDDDDCC sshheeeeeet. 

Setttuuuupp 4 waaaavvve absorbers shheeeeeeet Figure3.1 at tthhe edge oof 2DDC shheeeeeeeett. Electrode arrrraaaays aarreee cccclipped

the ttttop sssiiidddde of 2DCCC sheet aand electrrooooddddeeee iinnnterval is 11155ccccmmmm.  

(I) AAAAnnnntenna set at 45°. 

(II) Antennnnnnna set aattt 90°. 

(III) Antenna set at 111333555°°. 

(IV) Antenna set at 180°. 
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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.  

 

 
 

Figure3.1   Cross section view of the 2DC sheet 

 

4.Protection layer 

1.Solid conductive layer 

2.Dielectric layer  

3.Mesh conductive layer 

3.3.1 Setup 1   
 In This experiment we attach waveeee absssoorbers sheet at the edge of 2DC sheet (Figure3

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

This measurement setup consistttts of four mmodules, a 2DC sheet, a phase angle measu

device, an electrode array, and a clientttt for pilot signnnaaaal transmission. The 2D sheet size is 150c

64cm and the measurement area is 666000cm x 40cm (Figggure3.2). The measurement position start

45cm to 105cm along the x-axis aaannnd 12cm to 52cm alllooong the y-axis Figure3.3 shows the ph

angle and power level mmmeeeeaaasuringg device. TThhhhee pppphhhhase angleee meassuuuurrriiinng device has 8 ports, each 

can send or receive signal via coaxxial cable. The phase angle meaaaasssuring device and electr

array are ccoonnnnnecteeedd bbbby coaaxxiaal ccables. Figggguuuurree33..44 shows thhee elleectrode, tthhhhe elecccttttrode size is 12

x 47mm. Fiiguuuurre 3.5 shhows the client fffffor pilot signaaal transmissionn. Figure3...666 shows an anten

the diaaameter of annnttennaaaa iiiissss 88.6cm. 

FFigure3.7 ssshhhhowwwssss the experrrriiiimment setup that maaiiiinnnnnly consistttsss offfff an electroddeeee array whic

cliiipped on the topp and rright side of the 2DC sheet.  

4.Protection layer

1.Solid dd cocoooonductive laya er

2.Dieele eecee tric layyereree  

3.3.MMeMesh condndndductiveee layer
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Figure3.2   The 2D sheet 

 

 
 

Fifgure3.3   Phase angle and power level measuring device 

 

Figure3.2   The 2D sheeetttt 
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Figure3.4   The electrode 

 

Figure3.5   Client for pilot signal transmission

 
Figure3.6   The antenna 

Figure33.4444 The elecccccttttrode 

FFFiigggggguuuureeee33.55   CCCClllllliiiiiieennnntt  fffffooor ppppppiiiiilottt sssiignaaaal trrrraansmmmission
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Figure3.7   Experiment setup1 (I) 

 

(II) 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. 

 

Figuree33333.7   Experiimmment setup1 ((I) 

(II) Four elecccttttrrooddddes are clippppped aatttt tthhheeee tttooooppp aand bbbbooottom sideee ooffff 222DC sheet. 

TThis meassuuuremmment setup consists of four modules a 2DC ssssheeetttt,,,,, a phase aaangle measu

deevice, an ellectroode aaaarrrrray, and a clientt ffffoooorrrr piilllott siiiiggggnnnnnaaal transmission. TTTThe 22222D shheet size is 150c

64cm and the mmeasssuuuurement arreeea is 60cm x 40cm. The mmmmeeeasurementtt posssition startttts at 45cm

105cm along theee xxx-axis andd 112cm to 52cm aloong the y-axis. FFiiiigggure3.3 shhhhhoooows the phase anngle 

ppoooowwweeerrr llllevel measuring devvviicccceeeeee. TTTTTThhe ppppphaaasssseeee aaaannngggggle mmmmmmeasssuuurrinnggggg deeeevviceee have 8 ports, eachhh pppooorrrttt can s

or reeeecccceeeeiiive siignal via cooooaxial caaabble.. The ppppphhhaasseeeeee annnnnggggggglleee meeeeasuuuuuring dddevice anndd electtrrooooddddeeee array

connneeeected bby coaxial ccccaaables. Figggguuree33.44 shhooowwwws the eeeeelleecccttrroddde, tthe ellecccctrode ssize iss 12mmmm x 47m

Figuuuurree 3.5 shows the cliieeennnnt for pilot siggnal transsmission. FFFFiigure3.6 showssss an aaannntttenna, 

diammmmeterrrr oooof antennnnaaa is 8.66ccm.

Figure3..88 sshows the experimmeent setup that mmmaainly consists of aaaannnn eeelectrode arraaay whic

clipppppeed on the tttooop anddddd bbboooottom ssside of the 2DC sheet. 
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Figure3.8   Experiment setup1 (II) 

 

(III) 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. 

 

Figure3333.8   Experiimmment setup1 ((II) 

(III) Electrodddeeee aarrrrrrays are clllippedd aaaattt ttttthhhheeee 444 ssides ooof 2DC shheeeeetttt.... 

TThis meassuuuremmment setup consists of four modules a 2DC ssssheeetttt,,,,, a phase aaangle measu

deevice, an ellectroode aaaarrrrray, and a clientt ffffoooorrrr piilllott siiiiggggnnnnnaaal transmission. TTTThe 22222D shheet size is 150c

64cm and the mmeasssuuuurement arreeea is 60cm x 40cm. The mmmmeeeasurementtt posssition startttts at 45cm

105cm along theee xxx-axis andd 112cm to 52cm aloong the y-axis. FFiiiigggure3.3 shhhhhoooows the phase anngle 

ppoooowwweeerrr llllevel measuring devvviicccceeeeee. TTTTTThhe ppppphaaasssseeee aaaannngggggle mmmmmmeasssuuurrinnggggg deeeevviceee have 8 ports, eachhh pppooorrrttt can s

or reeeecccceeeeiiive siignal via cooooaxial caaabble.. The ppppphhhaasseeeeee annnnnggggggglleee meeeeasuuuuuring dddevice anndd electtrrooooddddeeee array

connneeeected bby coaxial ccccaaables. Figggguuree33.44 shhooowwwws the eeeeelleecccttrroddde, tthe ellecccctrode ssize iss 12mmmm x 47m

Figuuuurree 3.5 shows the cliieeennnnt for pilot siggnal transsmission. FFFFiigure3.6 showssss an aaannntttenna, 

diammmmeterrrr oooof antennnnaaa is 8.66ccm.

 Figure3..999 sshows the experimmeent setup that mmmaainly consists of aaaannnn eeelectrode arraaay whic

clipppppeed on the 4444 sides oooffff the 2DDDDC sheet. 
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Figure3.9   Experiment setup1 (III) 

 

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.  

Figure333.99   Experimmmeent setup1 ((IIII) 

3.3.2222 Setup 2   
 TThis experrriiimennnt do not Attach wave absorbers sheet Figureeee3.11 aaaat the edgeee of 2DC she

(I)) EElectrrode aaaarrays are clippppedddd aaaattt tthhe ttop aaaannnnnddd right side of 2DDDDC shhhhheet. 

This meeasuuuurrrrement setuuuppp consists of four modules aaa 2DC sheeeett, a phase anggggle measu

ddevice, an electroooddde array, aaannnd a client for piloott signal transmissssssion. The 222DDD sheet size is 11150c

664444cccmmm aaaand the measuremeeennnttt aaaareeeaaaaaa iss 6000000ccccmmmm xxx 4000000cccccm. TTThhe mmmmmeaaaasureeement position starrrttsss aaattt 45cm

105ccccmmmm along the x-axis and 12cmmmm toooo 52cmmm aaalonnnngggg thhhhhhheeee yyy-axxxxis FFFFFigure333.2. Figurre3.3 shhhooowwwssss the ph

angleeee andd pppower levelll measurinnnngg dddeeviicee. TTTThhe phaaaaaasssse aanngggggllle mmmmmeasuriiinng ddeevviice hhaaave 8888 ports, e

porrrtttt ccaaan sennnnd or receive sigggnnnnal via coaxial ccable. Thee pphase annnggggllle measuring deeevvvvice aannndddd electr

arraaayyyy areeee ccconnecteeeddd by cooaxial cabbbllleeeessss. FFFiiggure3.4 shhhoooowwwwsss the electrode, the electroddddeee sizzzeeee is 12

x 47777mmmmm. Figure 3333..5 shows the clientt for pilot signaaalll transmission. Figggguuureee3.6 shows aaann anten

the dddiiameter offf antennaaa iiiis 8.6ccmmm. 

Figure3.10 shows the exxpppeeerrrimenttt setuppp tthat mmmmaaaaiinnnllly consists of an electrode array wh

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

 

(II) 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. 

Figure333.110   Experiiimmment setup22 (I) 

(II) Four elecccttttrrooddddes are clippppped aatttt tthhheeee tttooooppp aand bbbbooottom sideee ooffff 222DC sheet. 

TThis meassuuuremmment setup consists of four modules a 2DC ssssheeetttt,,,,, a phase aaangle measu

deevice, an ellectroode aaaarrrrray, and a clientt ffffoooorrrr piilllott siiiiggggnnnnnaaal transmission. TTTThe 22222D shheet size is 150c

64cm and the mmeasssuuuurement arreeea is 60cm x 40cm. The mmmmeeeasurementtt posssition startttts at 45cm

105cm along theee xxx-axis andd 112cm to 52cm aloong the y-axis. FFiiiigggure3.3 shhhhhoooows the phase anngle 

ppoooowwweeerrr llllevel measuring devvviicccceeeeee. TTTTTThhe ppppphaaasssseeee aaaannngggggle mmmmmmeasssuuurrinnggggg deeeevviceee have 8 ports, eachhh pppooorrrttt can s

or reeeecccceeeeiiive siignal via cooooaxial caaabble.. The ppppphhhaasseeeeee annnnnggggggglleee meeeeasuuuuuring dddevice anndd electtrrooooddddeeee array

connneeeected bby coaxial ccccaaables. Figggguuree33.44 shhooowwwws the eeeeelleecccttrroddde, tthe ellecccctrode ssize iss 12mmmm x 47m

Figuuuurree 3.5 shows the cliieeennnnt for pilot siggnal transsmission. FFFFiigure3.6 showssss an aaannntttenna, 

diammmmeterrrr oooof antennnnaaa is 8.66ccm.

Figure3..111111 shows the experimment setup that mmainly consists offff annn electrode arrrray wh

is cliiippped on thhheee top aaannndddd bottommmm side of the 2DC sheet. 
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Figure3.11   Experiment setup2 (II) 

 

(III) 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. 

Figure33.111   Experiimmment setup2 ((II) 

(III) Electrodddeeee aarrrrrrays are clllippedd aaaattt ttttthhhheeee 444 ssides ooof 2DC shheeeeetttt.... 

TThis meassuuuremmment setup consists of four modules a 2DC ssssheeetttt,,,,, a phase aaangle measu

deevice, an ellectroode aaaarrrrray, and a clientt ffffoooorrrr piilllott siiiiggggnnnnnaaal transmission. TTTThe 22222D shheet size is 150c

64cm and the mmeasssuuuurement arreeea is 60cm x 40cm. The mmmmeeeasurementtt posssition startttts at 45cm

105cm along theee xxx-axis andd 112cm to 52cm aloong the y-axis. FFiiiigggure3.3 shhhhhoooows the phase anngle 

ppoooowwweeerrr llllevel measuring devvviicccceeeeee. TTTTTThhe ppppphaaasssseeee aaaannngggggle mmmmmmeasssuuurrinnggggg deeeevviceee have 8 ports, eachhh pppooorrrttt can s

or reeeecccceeeeiiive siignal via cooooaxial caaabble.. The ppppphhhaasseeeeee annnnnggggggglleee meeeeasuuuuuring dddevice anndd electtrrooooddddeeee array

connneeeected bby coaxial ccccaaables. Figggguuree33.44 shhooowwwws the eeeeelleecccttrroddde, tthe ellecccctrode ssize iss 12mmmm x 47m

Figuuuurree 3.5 shows the cliieeennnnt for pilot siggnal transsmission. FFFFiigure3.6 showssss an aaannntttenna, 

diammmmeterrrr oooof antennnnaaa is 8.66ccm.

Figure3..112222 shows the experimment setup that mmainly consists offff annn electrode arrrray wh

is cliiippped on thhheee 4 sidddddeeess ooof theee 22DC sheet. 
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Figure3.12   Experiment setup2 (III) 

 

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 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. 

Figure3.13 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.  

Figure3...1112   Experiimmment setup2 ((III) 

3.3.3333 Setup 3   
 IIn this exppppeerimmment wave absorbers sheet Figure3.1 is attachhhh at tthhhhhe edge off 222DC sheet. 

Ellectrode arrrrays aare ccccllllipped at the toppp ssssiiiddddeeee offf 222DDCCCC sssshhhheet and electroddddeee intttteeerval is 15cm.  

(I) Electtroddddeeee arrays areee cllipped at the top side of 2DDDDC sheet. 

This meeeaasssuuurement sssetup consists of ffoour modules a 22DDDDC sheet, aaa phase angle meeeasu

ddeeeevvviiiccceee, an electrode arrayyyy,,, aaaannnnndddd aaa cclieeeeennt ffffffoooor pppppiiilllot sssssignaaall traannnnnsmmmmiissiooon. The 2D sheet siiizzeee iiisss 150c

64cmmmm aaand thhe measuremmmment areaaaa is 100cmmmmm xxx 444444000000cmmmmm.. TTTThe mmeeaaaasuremment posittion starrttttss aaaat 25cm

125ccmmmm alooonng the x-axiiissss and 12ccmmmmm toooo 5522cmm aaallong ttthhhhhhee yyy-axxxxxxis. FFFFFigure3333.3 showws theee ppphaaasssse angle 

powwwweerrr levellll measuring deviiicccceee. The phase anngle meassuring devvviiiicccce have 8 ports, eeeeach ppppooorrrrt can s

or rrreeeeceivvvveeee signal vvvia coaaxxial cablle. TTTThhhheee pphase annngglllleee mmeasuring device and elecccctttrrrodeeee array

connnnnected by coaaxxxxiiial cables. Figure3.4 shows the eleeectrode, the electrooodddde size is 12mmmm x 47m

Figgurrre 3.5 shooows thhhhheee cccclient for pilot signal transmission. Figuuurreeee333.6 shhhooows an annntenna, 

diameter of antenna is 8.6cm. 

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

Figure3.14 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. 

Fiiigure3.13   EEExperiment ssetup3 

3.3.4444 Setup 4   
 TThis experrriiimennnt Attach wave absorbers sheet Figure3.1 at tttthe eeeeddddge of 2DCCCC sheet. 

Ellectrode arrrrays aare ccccllllipped at the toppp ssssiiiddddeeee offf 222DDCCCC sssshhhheet and electroddddeee intttteeerval is 15cm.  

(I) Antennnaaaa set at 45°. 

This meeeaasssuuurement sssetup consists of ffoour modules a 22DDDDC sheet, aaa phase angle meeeasu

ddeeeevvviiiccceee, an electrode arrayyyy,,, aaaannnnndddd aaa cclieeeeennt ffffffoooor pppppiiilllot sssssignaaall traannnnnsmmmmiissiooon. The 2D sheet siiizzeee iiisss 150c

64cmmmm aaand thhe measuremmmment areaaaa is 100cmmmmm xxx 444444000000cmmmmm.. TTTThe mmeeaaaasuremment posittion starrttttss aaat 25cm

125ccmmmm alooonng the x-axiiissss and 12ccmmmmm toooo 5522cmm aaallong ttthhhhhhee yyy-axxxxxxis. FFFFFigure3333.3 showws theee ppphaaasssse angle 

powwwweerrr levellll measuring deviiicccceee. The phase anngle meassuring devvviiiicccce have 8 ports, eeeeach ppppooorrrrt can s

or rrreeeeceivvvveeee signal vvvia coaaxxial cablle. TTTThhhheee pphase annngglllleee mmeasuring device and elecccctttrrodeeee array

connnnnected by coaaxxxxiiial cables. Figure3.4 shows the eleeectrode, the electrooodddde size is 12mmmm x 47m

Figgurrre 3.5 shooows thhhhheee cccclient for pilot signal transmission. Figuuurreeee333.6 shhhooows an annntenna, 

diameter of antenna is 8.6cm.

Figure3.14 shows the experiment setup that mainly consists of an electrode array wh
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Figure3.14   Experiment setup4 (I) 

 

(II) 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. 

Figure333.114   Experiiimmment setup44 (I) 

(II) Antenna sssseett aaat 90°. 

TThis meassuuuremmment setup consists of four modules a 2DC ssssheeetttt,,,,, a phase aaangle measu

deevice, an ellectroode aaaarrrrray, and a clientt ffffoooorrrr piilllott siiiiggggnnnnnaaal transmission. TTTThe 22222D shheet size is 150c

64cm aaand the mmeasssuuuurement areeaaa is 100cm x 40cm. The mmmmeeasuremennttt pooosition starrttts at 25cm

125cm along theee xxx-axis andd 112cm to 52cm aloong the y-axis. FFiiiigggure3.3 shhhhhoooows the phase anngle

ppoooowwweeerrr llllevel measuring devvviicccceeeeee. TTTTTThhe ppppphaaasssseeee aaaannngggggle mmmmmmeasssuuurrinnggggg deeeevviceee have 8 ports, eachhh pppooorrrttt can s

or reeeecccceeeeiiive siignal via cooooaxial caaabble.. The ppppphhhaasseeeeee annnnnggggggglleee meeeeasuuuuuring dddevice anndd electtrrooooddddeeee array

connneeeected bby coaxial ccccaaables. Figggguuree33.44 shhooowwwws the eeeeelleecccttrroddde, tthe ellecccctrode ssize iss 12mmmm x 47m

Figuuuurree 3.5 shows the cliieeennnnt for pilot siggnal transsmission. FFFFiigure3.6 showssss an aaannntttenna, 

diammmmeterrrr oooof antennnnaaa is 8.66ccm.

Figure3..115555 shows the experimment setup that mmainly consists offff annn electrode arrrray wh

is cliiippped on thhheee top sssiiidddeeee of theeee 2DC sheet and electrode interrrrval issss 15555ccccm. 
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Figure3.15   Experiment setup4 (II) 

 

(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. 

Figure33.1115   Experiimmment setup4 ((II) 

(III) Antennaaa sseett at 135°. 

TThis meassuuuremmment setup consists of four modules a 2DC ssssheeetttt,,,,, a phase aaangle measu

deevice, an ellectroode aaaarrrrray, and a clientt ffffoooorrrr piilllott siiiiggggnnnnnaaal transmission. TTTThe 22222D shheet size is 150c

64cm aaand the mmeasssuuuurement areeaaa is 100cm x 40cm. The mmmmeeasuremennttt pooosition starrttts at 25cm

125cm along theee xxx-axis andd 112cm to 52cm aloong the y-axis. FFiiiigggure3.3 shhhhhoooows the phase anngle 

ppoooowwweeerrr llllevel measuring devvviicccceeeeee. TTTTTThhe ppppphaaasssseeee aaaannngggggle mmmmmmeasssuuurrinnggggg deeeevviceee have 8 ports, eachhh pppooorrrttt can s

or reeeecccceeeeiiive siignal via cooooaxial caaabble.. The ppppphhhaasseeeeee annnnnggggggglleee meeeeasuuuuuring dddevice anndd electtrrooooddddeeee array

connneeeected bby coaxial ccccaaables. Figggguuree33.44 shhooowwwws the eeeeelleecccttrroddde, tthe ellecccctrode ssize iss 12mmmm x 47m

Figuuuurree 3.5 shows the cliieeennnnt for pilot siggnal transsmission. FFFFiigure3.6 showssss an aaannntttenna, 

diammmmeterrrr oooof antennnnaaa is 8.66ccm.

Figure3..116666 shows the experimment setup that mmainly consists offff annn electrode arrrray wh

is cliiippped on thhheee top sssiiidddeeee of theeee 2DC sheet and electrode interrrrval issss 15555ccccm. 
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Figure3.16   Experiment setup4 (III) 

 

(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. 

Figure3...111116   Experiimmment setup4 ((III) 

(IV) Antennaaa sseetttt at 180°. 

TThis meassuuuremmment setup consists of four modules a 2DC ssssheeetttt,,,,, a phase aaangle measu

deevice, an ellectroode aaaarrrrray, and a clientt ffffoooorrrr piilllott siiiiggggnnnnnaaal transmission. TTTThe 22222D shheet size is 150c

64cm aaand the mmeasssuuuurement areeaaa is 100cm x 40cm. The mmmmeeasuremennttt pooosition starrttts at 25cm

125cm along theee xxx-axis andd 112cm to 52cm aloong the y-axis. FFiiiigggure3.3 shhhhhoooows the phase anngle 

ppoooowwweeerrr llllevel measuring devvviicccceeeeee. TTTTTThhe ppppphaaasssseeee aaaannngggggle mmmmmmeasssuuurrinnggggg deeeevviceee have 8 ports, eachhh pppooorrrttt can s

or reeeecccceeeeiiive siignal via cooooaxial caaabble.. The ppppphhhaasseeeeee annnnnggggggglleee meeeeasuuuuuring dddevice anndd electtrrooooddddeeee array

connneeeected bby coaxial ccccaaables. Figggguuree33.44 shhooowwwws the eeeeelleecccttrroddde, tthe ellecccctrode ssize iss 12mmmm x 47m

Figuuuurree 3.5 shows the cliieeennnnt for pilot siggnal transsmission. FFFFiigure3.6 showssss an aaannntttenna, 

diammmmeterrrr oooof antennnnaaa is 8.66ccm.

Figure3..117777 shows the experimment setup that mmainly consists offff annn electrode arrrray wh

is cliiippped on thhheee top sssiiidddeeee of theeee 2DC sheet and electrode interrrrval issss 15555ccccm. 
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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. 

Figure3...111117   Experiimmment setup4 ((IV)

(V) Antenna sssseett aaat 225°. 

TThis meassuuuremmment setup consists of four modules a 2DC ssssheeetttt,,,,, a phase aaangle measu

deevice, an ellectroode aaaarrrrray, and a clientt ffffoooorrrr piilllott siiiiggggnnnnnaaal transmission. TTTThe 22222D shheet size is 150c

64cm aaand the mmeasssuuuurement areeaaa is 100cm x 40cm. The mmmmeeasuremennttt pooosition starrttts at 25cm

125cm along theee xxx-axis andd 112cm to 52cm aloong the y-axis. FFiiiigggure3.3 shhhhhoooows the phase anngle 

ppoooowwweeerrr llllevel measuring devvviicccceeeeee. TTTTTThhe ppppphaaasssseeee aaaannngggggle mmmmmmeasssuuurrinnggggg deeeevviceee have 8 ports, eachhh pppooorrrttt can s

or reeeecccceeeeiiive siignal via cooooaxial caaabble.. The ppppphhhaasseeeeee annnnnggggggglleee meeeeasuuuuuring dddevice anndd electtrrooooddddeeee array

connneeeected bby coaxial ccccaaables. Figggguuree33.44 shhooowwwws the eeeeelleecccttrroddde, tthe ellecccctrode ssize iss 12mmmm x 47m

Figuuuurree 3.5 shows the cliieeennnnt for pilot siggnal transsmission. FFFFiigure3.6 showssss an aaannntttenna, 

diammmmeterrrr oooof antennnnaaa is 8.66ccm.

Figure3..118888 shows the experimment setup that mmainly consists offff annn electrode arrrray wh

is cliiippped on thhheee top sssiiidddeeee of theeee 2DC sheet and electrode interrrrval issss 15555ccccm. 
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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. 

Figure33.1118   Experiimmment setup4 ((V) 

(VI) Antennaaa sseetttt at 270°. 

TThis meassuuuremmment setup consists of four modules a 2DC ssssheeetttt,,,,, a phase aaangle measu

deevice, an ellectroode aaaarrrrray, and a clientt ffffoooorrrr piilllott siiiiggggnnnnnaaal transmission. TTTThe 22222D shheet size is 150c

64cm aaand the mmeasssuuuurement areeaaa is 100cm x 40cm. The mmmmeeasuremennttt pooosition starrttts at 25cm

125cm along theee xxx-axis andd 112cm to 52cm aloong the y-axis. FFiiiigggure3.3 shhhhhoooows the phase anngle 

ppoooowwweeerrr llllevel measuring devvviicccceeeeee. TTTTTThhe ppppphaaasssseeee aaaannngggggle mmmmmmeasssuuurrinnggggg deeeevviceee have 8 ports, eachhh pppooorrrttt can s

or reeeecccceeeeiiive siignal via cooooaxial caaabble.. The ppppphhhaasseeeeee annnnnggggggglleee meeeeasuuuuuring dddevice anndd electtrrooooddddeeee array

connneeeected bby coaxial ccccaaables. Figggguuree33.44 shhooowwwws the eeeeelleecccttrroddde, tthe ellecccctrode ssize iss 12mmmm x 47m

Figuuuurree 3.5 shows the cliieeennnnt for pilot siggnal transsmission. FFFFiigure3.6 showssss an aaannntttenna, 

diammmmeterrrr oooof antennnnaaa is 8.66ccm.

Figure3..119999 shows the experimment setup that mmainly consists offff annn electrode arrrray wh

is cliiippped on thhheee top sssiiidddeeee of theeee 2DC sheet and electrode interrrrval issss 15555ccccm. 
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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. 

Figure3...111119   Experiimmment setup4 ((VI)

(VII) Antennnnaaaa seeeettt at 315°. 

TThis meassuuuremmment setup consists of four modules a 2DC ssssheeetttt,,,,, a phase aaangle measu

deevice, an ellectroode aaaarrrrray, and a clientt ffffoooorrrr piilllott siiiiggggnnnnnaaal transmission. TTTThe 22222D shheet size is 150c

64cm aaand the mmeasssuuuurement areeaaa is 100cm x 40cm. The mmmmeeasuremennttt pooosition starrttts at 25cm

125cm along theee xxx-axis andd 112cm to 52cm aloong the y-axis. FFiiiigggure3.3 shhhhhoooows the phase anngle 

ppoooowwweeerrr llllevel measuring devvviicccceeeeee. TTTTTThhe ppppphaaasssseeee aaaannngggggle mmmmmmeasssuuurrinnggggg deeeevviceee have 8 ports, eachhh pppooorrrttt can s

or reeeecccceeeeiiive siignal via cooooaxial caaabble.. The ppppphhhaasseeeeee annnnnggggggglleee meeeeasuuuuuring dddevice anndd electtrrooooddddeeee array

connneeeected bby coaxial ccccaaables. Figggguuree33.44 shhooowwwws the eeeeelleecccttrroddde, tthe ellecccctrode ssize iss 12mmmm x 47m

Figuuuurree 3.5 shows the cliieeennnnt for pilot siggnal transsmission. FFFFiigure3.6 showssss an aaannntttenna, 

diammmmeterrrr oooof antennnnaaa is 8.66ccm.

Figure3..2220000 shows the experimment setup that mmainly consists offff annn electrode arrrray wh

is cliiippped on thhheee top sssiiidddeeee of theeee 2DC sheet and electrode interrrrval issss 15555ccccm. 
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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. 

Figure3..222200   Experimmment setup4 ((VVII) 

(VIII) Antennnnnnaa sseeet at 360°. 

TThis meassuuuremmment setup consists of four modules a 2DC ssssheeetttt,,,,, a phase aaangle measu

deevice, an ellectroode aaaarrrrray, and a clientt ffffoooorrrr piilllott siiiiggggnnnnnaaal transmission. TTTThe 22222D shheet size is 150c

64cm aaand the mmeasssuuuurement areeaaa is 100cm x 40cm. The mmmmeeasuremennttt pooosition starrttts at 25cm

125cm along theee xxx-axis andd 112cm to 52cm aloong the y-axis. FFiiiigggure3.3 shhhhhoooows the phase anngle

ppoooowwweeerrr llllevel measuring devvviicccceeeeee. TTTTTThhe ppppphaaasssseeee aaaannngggggle mmmmmmeasssuuurrinnggggg deeeevviceee have 8 ports, eachhh pppooorrrttt can s

or reeeecccceeeeiiive siignal via cooooaxial caaabble.. The ppppphhhaasseeeeee annnnnggggggglleee meeeeasuuuuuring dddevice anndd electtrrooooddddeeee array

connneeeected bby coaxial ccccaaables. Figggguuree33.44 shhooowwwws the eeeeelleecccttrroddde, tthe ellecccctrode ssize iss 12mmmm x 47m

Figuuuurree 3.5 shows the cliieeennnnt for pilot siggnal transsmission. FFFFiigure3.6 showssss an aaannntttenna, 

diammmmeterrrr oooof antennnnaaa is 8.66ccm.

Figure3..2221111 shows the experimment setup that mmainly consists offff annn electrode arrrray wh

is cliiippped on thhheee top sssiiidddeeee of theeee 2DC sheet and electrode interrrrval issss 15555ccccm. 



37 
 

 
 

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 

Figure3.2222111   Experimmmeent setup4 ((VVIII) 

3.444 EEExpppperimenttttaaaal MMMMethod 
 To eestimmmate aaa precise positiooonnnn oooofff the deviiiicceeee ttthhhhhaat is placed onnn the 222DC ssheet, the ppropo

mmeasurrrement of theeee phase difffffeeeerrences of the pilot signal on 222DC sheet. Thhhe pilooot sigggnnnnal is sen

aantenna and sprreeeaaads throuuuugggghout the 2DC shheet. Then pppilott sssignal reaaacccches to electroddde ar

MMMeasurring the phase anddd poooooowwwwwwerrrrr  llevvvveeel aaaaaattttt eeevvvveeeeerry eeeeeelleecttrrooode,, theeee valluuue of the phase annnndd power le

difffffeerrreence of each pair oooof neighbbbbooriinnng eleccccctttrrrodddeeeeee  is oooooobbbttainnneed aaaaand evvvery posittiion on thhheee 22DC sh

also hhhhaasss uuunnniiqque phase iiiinnnnformatioooonn. 

  TTTTThhhhe experiment iinnnn tthis cooperative educattioon repoorrrrtttt all perform in oonnnne tteessst rrroom. 

mossttt exppeeeriment, wwwe meassure 2 times oooofff eeevveerrryyyy  22.55cccmmm iiinterval respectiveellyy.  

3.4..11 AAAs menttiiioooon abovvvve setuuuppp 1111 aaannd setuppp 2222 mmmeasureeemment aaaarrreeea is 60000ccccmmmm xxx 4440000ccmmmm with s

point of (45,12) and end point offf (105,5522)) oooonnn the 2222DCC sheet, and this measurement ha

measurement step which is 2 5cm interval
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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 

 

 
  

This program outputs the phase and level data of measured points. After that measurem

program gathers data and separates phase datta and level data collected into files show in table

This experiment needs 2 times measuremeeeennnnts aand a lone period of time (e.g. 2 hours) to sta

new (second) measurement. The longer ttttiiiime offf lone period the better for experiment, Since

short lone period to start a new measuurrrement, it ccan be assumed as the same condition of 

time so we cannot get the real result offff position estimmmation. 

Table3.3   Excel sheet saaaammmmple of dddata 
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The second measurement uses the same method of the first time measurement.  

After gathering all data of every point (Both 1st time and 2nd 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) 

  

 
 

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 1cm 

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. 

After gathering all data of every point (Both 1 time and 2  time measurement), C program 

been used (refer to Appendix A) to calculatee the position estimation formulas. This program

data of phase and data of level of every poiinnnnt tooo calculate using 3 formulas which is mentioned

the theory section (2.6), (2.7), (2.8). Afterrrr calculllaaaating estimation formulas, we get result of ph

level, and phase + level x 10 difference aaand result oof correct estimation ratio (%), average of e

(cm), and maximum error distance (cmmmm). 

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

position estimation graph using Gnnnuuu plot (refer to Appeennndix B) 

  

Figurrreee3.22   Example of posiittiion estiiimmmmaation graph 

3.4.2 Asss mmmmention aaaabbove setup (3) measurement area is 1100cm xxxx 440000cm with staaart poin

(255,1111222))) aaanndd eeennndd point of (105555,52) onnn tttthhhhee  2DC ssshhheeeeeeettt,,, and thhhis meeeaaaasuremennntttt hhhhaaasss aaa mmmmeasurem

step which is 2.5cm interval average 2000 ttiimmmeeeeesss measurement for first measurement and 

interval for second measurement
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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 1st time and 2nd 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). 

Figurree3.23   Exxaaaaammmmppppllee oooffff pppppooosition estimaation graph 

3.4.3 As mmennttttiiiioonnn above seetttuup 4 measurementttt area is 10000000cccccmm xx 40cm with ssstttart poin

(25,12) aaaand end poooiiint ooof (105,52) on the 2DC sheet, and this meeeasurrreeement hassss a measurem

steep whichh is 2.5555cm rrrotate antenna measureemment for first measuremmmmenttttt to compare wiiitth 2.5

intervvaaal average 20 ttiiimes measuurrrreeeeement from first measureeeemment setup 333. 

 WWe use C ppprogram fffforr measuring phase and level daatttta. First, wwwwwe set measuriiinggg pppprog

innnnpppput starting poiiiinnt, end poooiiiinnnttttt aaaaannnnndd mmmmmeeeeeaaaaasssuuuuurrrreeeeeemmmeennnnnnnttt steeppppp.. SSSSSeccccconddddddlllly, we compile program annnddd run

programmm (phhaase angle mmeeasuremmmmeentt ddevicee iisss ccccccoonnnnnnneeeeeccctteeed toooo mmmmeeasurrreeement PC via USSSSBB ccable). T

progrrram shows the phhaase and leeevvell daatta oofff eeacchh pppppportt oof mmmmmmeaaaassuredd pppoint. After that mmmeasurem

progggrrrram gaaattthhher daatta and ssseeepparrrraaaatttteee ppphhhhaaase dddddaaattttaaa aand leevveelll ddddaaatttaa cccooolllllllleeect to files. TTTThhhhis exppppeerrriment

meaasureeeemmmmmeeent 8 times follow angggllleeee ooof measurement (figggguurrreeee333.24).   

After gaaattthheering all daatta of eevery point (BBooottth 1st time and 22222ndndnd time measurrrement)dd

prooggrrram has beeeeen uuuuussssed ttttoo caaallllculate the position estimationnnn ressssuuuult. TTThhhhiiis pppprogram ussssed data

phase aand data of level of evveeeerrrryy pppoinnnt to ccccalculattte usiinnnnngggg 3 fffoooorrrmulas which was mentioned on

theory section (2.6), (2.7), (2.8). After program calculate we got result of phase, level, and ph
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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. 

 

 
 

Figure3.24   Angle of measurement 

 

 
 

Figure3.25   Example of position estimation graph 
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Figuure3.24   Angle of meeasuremennttt 
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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. 

(I) Electrode arrays are clipped at the top and right side of 2DC sheet figure4.2 - 

4.4. 

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

figure4.5 -4.7. 

(III) 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. 

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

figure4.11 -4.13. 

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

 figure4.14 – 4.16. 

(III) 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 15cm 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.  

(I) Antenna set at 45° figure 4.23 – 4.25. 

(II) Antenna set at 90° figure 4.26 – 4.28. 

Experimental Result and Analysis 

In this chapter, the result of possiitttion eeestimation by using phase difference of electr

array for Two-Dimensional Communiccccation Syyyystem according to above research method

present.   

4.1 Evaluation result 
There are totallyy four typpppeees of setuppps aaaannnd each seeetttup contains specific case as follow: 

Setup 1   attach wavvve absorbbbbeeerrrsss sheet at the edge of 2DC shheeeeeettt as in thhhhe Section 4.1.1. 

(I) EEEEleecccctttrode arrayys are clipped at the top and right ssiiiddde ooooffff 22DDDDCC sheet figure4

4.4. 

(((IIIIIII)))) Four eleeeccccctttrodes are cccclipped at the topppp and bottoommmm side of 2DCCCC sssshhhheett  

figuuurrrre4.55 -4.7. 

(III) EEEEllllectrrrroooode arrays are clipped at the 4 sides of 2DC sssheettttt figure4.8 --- 4.10. 

SSeeeetup 2   doo not aaattaccchhh wave absorbbbeeerrrssss  sheet Figure3333.11111 aat the edge offf 22DCCC sheet as in the--      

SSectionnnn 4.11.2. 

(I) EEElectrode aaaarrrraayyyysss aarrreee ccclliipppppppppeeeddd aaat theee tttooopppp aaannnddd rrriiiggggghhhhhhttt side of 222DDDDC sheet                  

figure4.11111 --444444.1333333.. 

(II) Four eeellllectrodess aaree clippeeddddd aat tttthhhhhhee ttooooppp anddddd booootttom sssiide of 2DDC sheet  

 figure4444.14 – 4.111116. –

(IIIIIIIII) Electrode arrrrraaaayyys are clippedd at the 44 ssides offff 222DDDDC sheet figure444..17 –– 444.1119. –

Setuuup 3 wwwave absoooorrrrbbers shheet Figure3.111 iiiss aatttttaaaacchh aattt off 2DC tthe edge sheeeeet. Electrooodddde arrrrrays ar

clippppped at the toppp ssside of 22DDDDC sheet and electrode interval is 15ccmm as in tttthhheee  Section 4.1.3. 

(((II)) EEEllleeectrode arrays arrrreeee clippppeeedddd aaatt the top sssiiiidddeee of 2DCCC sheetttt ffffiigure4.22220000 ––– 444.2222222.. 

Setup 4 wave absorbers sheet Figure3.1 at tthhee eedddddge of 222DC sheet. Electrode arrays are clipped

the top side of 2DC sheet and electrode interval is 15cm as in the Section 4 1 4
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(III) 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. 

(VI) 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. 

 

 
 

Figure4.1   Example of position estimation graph 

 

 

 

(IV) Antenna set at 180  figure 4.32 4.34.

(V) Antenna set at 225° figure 44..35 – 4.37.

(VI) Antenna set at 270° figuree 4.3388 – 4.40.

(VII) Antenna set at 315° figurrrre 4.41 –– 4.43. 

(VIII) Antenna set at 360° figgguuure 4.44 – 4.46. 

4.1.1 Evaluation result of 222.5cm interval wiiittth absorber (Setup 1) 
The graph resulttt by usingg 3 formuuullas which is Square formula, Abso

formula, and Sqqqquuuuaare roooott formulaa. TThhhhheeee measureeemmment sssstttteeeppp is 2.5 cm interval for X-

and Y-axis. Measure the sselected area of 2DC shheet tooo  confirm a device loca

coonnnnccceentraattteesss on itss lloocaation. Thee aaarrrroowwww which shhowws in thee rrreeesult iiiissss an error dista

bettweeeeeen originn point and estimmmated point, fiigggure4.1 shows eexample ooooffff position estima

Figure4.1   Example of position estimation graph 

graph annddd how ttttoooo read it. 
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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. 

 

 
 

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

       Number of position is smallest  

 

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

right side of the 2DC sheet. 

FFiigggure4.2   Grapph rrresult of 2222.5 cm interval using phase only. SSSSquare formmmmuuula gives thhhe bbbeeesssst res

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

best result, Number of position is smallest 

 

 
 

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

   gives the best result, Number of position is smallest. 

Fiiiiguuuurrrreeee4444.3   Graph rreeeeesssuult of 2.5 ccccm interval usiingggg RSS onlyyy.. AAAbsolute forrrmmmmuuuulllaa ggggiiivves the-  

bestt rresuult, Numbeeeer offff ppoooossiiittttiiioooonnnn iiissss ssssmmmallllllest 
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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 

 

 
 

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. 

 

TTTable4.1 reveals tthe resultt aaaaaaaffftttteeeeeerrrrrr ccaallllcccccuuuuuulllaaatttteeeeddddd bbbbyyyyy tthoossssseeeee 333333 fffffoooooorrmmuuuuuulllllaaaaasss,,, As for tthis condition (eeelectr

array is cclippped at the toppp andd riiggggght sside offffff 2222DDDDDDDCCC sssshhhhheeettt)) thee reessult ssssshhows that squareee formula u

phasssee only gives the beeeest result aaannd sssquare rrroooot ffoooooorrmuulla uussingggg RSS ooonly gives the worssstttt result.

2)))) Graph result of 2.555ccccmmmm interval in which eleecctttrrroooddde arraays are clippeeed aattt thhhe top 

bottttoooom side of theeee 222DDDDC sheet. 

      2DC sheet 
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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 

 

 
 

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

        Number of position is smallest. 

Figureeee444.5555   GGGGraph result ooooofff 2.5 cm innnntterval using phhasssse only. Sqqqquuuuaare formula ggggiiiivvvvees tttthhhhee  

      best resuuulllltt, NNumber of ppppoooossiiitttiioooonnnn iiissss sssmmmmaaaalllllleeeessst 
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Figure4.7   Graph result of 2.5 cm interval using phase + RSS *10. Square and  

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

 

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

        side of 2DC sheet. 

 

 

FFFFiiigggguure4.7   Graaaaappppphh result offf 222.5 cm interval uuuusing phassseeeee + RSS *10. SSSSqqqquuuuaarreeee aannd  

       AAAAbbssolute formmmmulaaa gggiiivvvveeesss tttthhhheee bbbbeeesssst reeesult, Nummbbbber oof ppoosition is smmmmaaallest. 

TTTaable4.2   RResullttt dattaaa of each formuuulllaaaa wwwwhhhhich electttrrroooodddddee array is clippeeeed attt the ttoop and botttom- 

       side oof 2DDDDC sheet. 
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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 sheet. 

 

 
 

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

       Number of position is smallest. 

 

array is clipped at the top and bottom side of 2DC sheet) the result show that square and abso

formula using phase + RSS *10 also gives thhee best result and square root formula using level o

also gives the worst result.

3) Graph result of 2.5cm intervvval in whicchh electrode arrays are clipped at 4 sides of

2DC sheet. 

Figurrrre444..888   Graph resuuuulllltttt of 2.5 ccccmm iinnnnttervall uuussing phhhhhhaaasssee onnnnnnly.  SSSqquareeee formmmmuuulla givvvveeesss thheeee best res

      Number of posiiittttiiioon is smallest. 
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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. 

 

 
 

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

            the best result, Number of position is smallest. 

Figurrrreee444.9999   GGGraph resultt ooof 2.5 cm innnntterval using RRSSSSSSS only. Sqqquuuuuaaare formula gggiiiivvvveeeess ttthhhhee best res

        Numbeerrrr off pposition iss smmaaaallllleeeessttt. 
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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 

 

 
 

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 2.5cm interval in which electrode arrays are clipped at the top and right 

side of the 2DC sheet. 

 

      2DC sheet

Taable4.3 revvealss the rrresult after calcccuuuullllaaaatted by thhhoossseeee 3333 formulas, As for ttthis ccondition (eelectr

aarray iis clipppped aat thhhhe 4 sides oooofff 2DC sheet) the result showww that absoollluuteee formmmuula uuuusing phas

RRSS *10  gives ttthhheee best resuuuult and sqqquare root fformula usinggg leevvvvel only ggiiivvvves the worst resssult.

4.1.2 Evaluatioooon resultt oof 222.5cm iiiiinnnterrrrvvvvvval wwwwwwiitthoouut aaaaabsorbbber (Setupp 2) 
TTThhhee graph resuuuult by usiiiinng 333 formmmmuuuuullas whhhhhiiiiiiccchhh iis SSSquuuuuare foooorrrrmulaaaa,,, AAbsooolllluuuttee fffformula, 

Squuuarreee rooottttt formula. The meeaaasurement step is 2.5 cm intervaalll ffffor X-axis and YY----axiss. MMMMMeasure

seleecccted aaarea of 22DDDDC sheeet to confirmmmm aaa ddeevvviiiicccee lloooccaaatttiion concentrates ooonn its locaaatttttiiiion. TThe ar

whicccch show in thhheeee result iss aan error distance between origin point and esttttiiimmmated point. 

1)Graph result of 2.5cm intterval iinn wwhhhiiiccccchh electttrode arrays are clipped at the top and r

side of the 2DC sheet
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Figure4.11   Graph result of 2.5 cm interval using phase only. Square formula gives the 

                      best result, Number of position is smallest  

 

 
 

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

     the best result, Number of position is smallest 

Figureeee444.11111111   GGraph resullttttt ooof 2.5 cm iiiinnterval using phhhaaaase only. SSSSqqqquuare formulaaa ggggiiivvveesss ttthhe 

                      best ressssuuullt,,, NNNumber offff ppppooossssiitttiiiioonnn iiiisss ssmmmmaaallllesttt  
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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 

 

 

Fiiiigggurrrreeee4444.113   Graph rrrrreeeeessult of 2.5 ccm interval usingggg phase + RRRRRSSSS *10. Squaaaarrrreeee rrroooooottt fformula 

   giivvvves tthe best ressssult,,,, NNNNuuuummmmmbbbbeeeerrr oooofff pppposiiitttion is smaaaalllesssstt. 

TTTaable4.4   RResullttt dattaaa of each formuuulllaaaa wwwwhhhhich electtrrroooodddddee array is clippeeeed att the ttoop and righht sid

      2DC ssheeet 



54 

 

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. 

 

 
 

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

        best result, Number of position is smallest 

 

array is clipped at the top and right side of 2DC sheet without absorber) the result show 

square root formula using phase + RSS *100  gives the best result and square root formula us

RSS only gives the worst result.

2) Graph result of 2.5cm interrvvval in whiiccch electrode arrays are clipped at the top 

bottom side of the 2DC sheet. 

Figurrrre444..111444   Graph ressssuuuult of 2.5 ccmm iiinntervaaaall uusing pppppphhhaaase oooooonlyyyyy... Absoooollllute fffoooormmulaaa gggiivvessss the 

        best result, Nuummmmmber of positionn is smallleesst 
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Figure4.15   Graph result of 2.5 cm interval using RSS only. Absolute formula 

         gives the best result, Number of position is smallest. 

 

 
 

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

    gives the best result, Number of position is smallest. 

FFFFiiigggguure4.15   Grrrrraaaaapph result oooofff 2.5 cm intervallll using RSSSSSS oonly. Absoluuutttteeee fffoorrmmmmuula 

         giivves the bessstttt ressssuuulllltttt, NNNNNuuuummmmbbbbeeerrrr of ppposition iss sssmmmmaaallesstt. 
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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. 

 

 
 

Table4.5 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. 

 

       side of 2DC sheet. 

Taable4.5 revvealss the rrresult after calcccuuuullllaaaatted by thhhoossseeee 3333 formulas, As for ttthis ccondition (eelectr

aarray iiis clipppped at tttthhhhe top andddd bbbottom side of 2DC sheet wwwithout abssooorbeeer) thhee resssuuuult show 

aabsolute formulaaa uuusing phasssse + RSS *10 gggivess the best result aaaannd squareee rrroot formula ussiiing R

onllly giiiivves the worst resulltttt.

333))) GGraph resulllltttt of 2.5cmmmmm innntteerval iiinnnn whichhhhhh eellectrrrrrroddeeeeee arrayyyyssss aree cccliippeedddd aaatt 4444 sides of

2DCCCC ssshheet.. 
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Figure4.17   Graph result of 2.5 cm interval using phase only. Absolute formula gives  

        the best result, Number of position is smallest. 

 

 
 

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

       the best result, Number of position is smallest. 

Figureeee444.11117777   GGraph resullttttt ooof 2.5 cm iiiinnterval using phhhaaaase only. AAAAAbbbsolute formuuullllaaaa gggiiivvvveeeess  

        the bestttt rresuult, Numbeeeer offff pppoooosssiiitttttiiiooonnnn iiiissss ssssmmmallllest. 
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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 

 

 

FFFFiiigguuuurrrreeee444.19   Graphhhhh rrreesult of 2.5555 cm interval usiiinnnng phase ++++ RRRSS *10. Abbbbssssoooollluuutttee fffoormula  

    gggiiiivvves the best reeesulttt,, NNNNuuummmmmbbbbeeeerr oooofff pppposssiiition is smmmmaaallllleeeesst. 

TTTaable4.6   RResullttt dattaaa of each formuuulllaaaa wwwwhhhhich electttrrroooodddddee array is clippeeeed attt 4 siddes of 2DC shee
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Table4.6 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 1cm interval for second measurement. 

 

 
 

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

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

array is clipped at the 4 sides of 2DC sheet without absorber) the result show that abso

formula using phase + RSS *10 gives the bbest result and square root formula using RSS o

gives the worst result. 

4.1.3 Evaluation result of 2.5ccmmm intervaall average 20 times measurement for first 
measurement and 1cm interrrvvvval for secondddd measurement. (Setup 3) 
The graph result by using 333 formulas whichhh is Square formula, Absolute formula, 

Square root formula. The measuremmment step is 2.5 cm fffoor first measurement and 1 cm for sec

measurement interval foorrrr XXX-axis aaand Y-axiissss... MMMMeeasure theee selecctttteeeeddd aarea of 2DC sheet to confir

device location concccceentrates on its location. The arrow whhhiich shoooowwws in the result is an e

distance beettwwween oorriiigin poiintt and estimateeedddd ppooiiinnntt. 

1) Graphh rresullllttttt oooof 2.5cm innnnterval average 20000 times meeeaassssuuuuuremeent for first mmmmeasurem

and 1cmmmm interval forrr seccccoooond measuuuurrrreement. 
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Figure4.21   Graph result of 2.5 & 1cm interval using RSS only. Square formula 

        gives the best result, Number of position is smallest 

 

 
 

Figure4.22   Graph result of 2.5 & 1cm interval using phase + RSS *10.  

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

FFFFiiigggguuuure4.21   Graaaaappph result offff 22.5 & 1cm intterrrrvvval using RRRRRSSSS only. Squuuaaaarrrreeee fffoorrrrmmmula 

        givves the besttt resssuuuulltttt, NNNNuuuuummmmbbbeeeerrr ooof ppposition is ssssmaaaalllestt 
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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. 

 

 
 

Table4.7 reveals the result after calculated by those 3 formulas, As for this condition (2.5cm 

interval average 20 times measurement for first measurement and 1cm 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. 

Taable4.7 revvealss the result after calccccuuuulllattted by ttthhhhoooosssseeeee 3 formulas, AAAAs fooor thiss conditionn (2.5

iintervaaal averagee 20000 times mmeeeeasurement for first measurrreeement anddd 1cccm innttervaaaal for sec

mmeasurement) thhheee result shhhhoooow that sqqqquare forrmmula usinggg ppphaasssseee + RSS **10 gives the beeest re

anddd squuare root formula uuuusssinnnnnngggggg RRRSSSSSSSS ooooonlyyyyyy ggiiivvvveeeeess thhhhhheeeee wooorrrsst rreeeeesulllltt. 

444.111.4 Evaluatiiiioooon resulttt of 222..5cm iiiinnntervalll aaavvveeraaaaagggge 2222220 timeeees meeeaaaassuuremmmmeeennt ffffor first 
meeeeeasurement anddd rrrroootate antennaa measureemment. (SSSSeeeettttup 4) 
TTThe graphhhh result by using 33 ffffooorrrmmuullaaaasss wwhhhiicchhh is Sqquare formulllaa, Absoluuuuttteeee forrrmula, 

Squaaaare root formmmmuuuula. The mmmmeasurement step is 2.5 cm interval for firstttt mmmeasurement and ro

antteennnnna meaassuuurrement fffoooor X-axxxxis and YYY-aaaxxxis. Meaaasssuuuurrreee the seleected aaaarrreeea of 2DDDDCCCC ssshhheeeeeeett ttoooo confir

device location concentrates on iiittss locattiiioonn. TTTTThhe arrrooow which show in the result is an e

distance between origin point and estimated point

                  first measurement and 1cm interval for second measurement. 
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Figure4.23   Graph result of 45° using phase only. Square formula gives the best result, Number 

         of position is smallest  

 

 
 

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

        Number of position is smallest 

Figureeee444.22223333   GGraph resullttttt ooof 45° usinnnngg phase only. Sqqqquuuare formmmuuuuulllaa gives the bbbbeeeesssstttt rreessssuuuullt, Numb

       of posittiiiiooon iiis smallest  
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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° 

 

 

Figureeee444.22225555   GGraph resullttttt ooof 45° usinnnngg phase + RSSS ****10. Absollluuuuutttee formula giiiivvvveeeessss tthhhheeee bbest resu

          Numbeerrrr off pposition iss smmaaaallllleeeessttt. 

TTTaable4.8   RResullttt dattaaa of each formuuulllaaaa wwwwhhhhich rotatteeee aaaannnnnttenna set at 45°°°
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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. 

 

 
 

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

        Number of position is smallest  

 

antenna, antenna set at 45 ) the result show that square formula using phase + RSS 10 gives

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

2) Graph of 2.5cm interval averrrrage 20000 times measurement for first measurement 

90°measurement. 

Figguuuurrrre44.26   Graph resuuuult of 90°  uusiinnng phaaassssseee onnnnnnllllyyy. SSSSSSSqquuuareeee foorrrrrmula gggives the best resullllttt,,,  

        Number oooofff positionnnnn is sssmalllessstt  
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Figure4.27   Graph result of 90° using RSS only. Square formula gives the best result,  

        Number of position is smallest 

 

 
 

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

        Number of position is smallest. 

Figureeee444.22227777   GGraph resullttttt ooof 90° usinnnngg RSS only. SSquuuuaaare formuuullllaaaa ggives the beeesssstttt rrrreeessuuuullllt,  

        Numbeerrrr off pposition iss smmaaaallllleeeessttt 
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Table4.9   Result data of each formula rotate antenna set at 90° 

 

 
 

Table4.9 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. 

 

Taabbbbllleee4.9999 reveals tttthhhhe rrreeeesult after calculated by those 3 formulas, As for this cooondition (ro

annntenna, antteennaa set aaat 90°) the resultt sssshhhhow that sqqquuuuuaaaarree formula usinnngggg phaaase ++ RSS *10 ggives

bbest reesult and sqquarrrre root formmmmula using RSS only gives thhheee worst resuuullt.

3) Graph of 2.5ccccmmmmm iiiintteeeeeerrvaaaalll avvvvvveeeeeeraaaagggggeeeee 2222000000 timmmeees mmmmmeaassssuremmment for first meaaaasurement 

1355°mmmmeasurement. 
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Figure4.29   Graph result of 135° using phase only. Square formula gives the best result,  

        Number of position is smallest  

 

 
 

Figure4.30   Graph result of 135° using RSS only. Absolute formula gives the best result, 

        Number of position is smallest 

Figureeee444.22229999   GGraph resullttttt ooof 135° usiiiinng phase only. SSSSqqquare formmmmmuuula gives the bbbbeeeessstt reeeesssuult,  

        Numbeerrrr off pposition iss smmaaaallllleeeessttt  
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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° 

 

 
 

Figureeee444.33331111   GGraph resullttttt ooof 135° usiiiinng phase + RSSSSS *10. Absoooolllluuute formula gggiiiivvvveeeess tthhhheee best res

        Numbeerrrr off pposition iss smmaaaallllleeeessttt. 

TTTaable4.10   RResuuult daaatta of each formmmuuuullllaaaa rotate anteennnnnnnnnnaaaa set at 135°
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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. 

 

 
 

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

        Number of position is smallest  

 

antenna, antenna set at 135 ) the result show that square formula using phase + RSS 10 gives

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

4) Graph of 2.5cm interval averrrrage 20000 times measurement for first measurement 

180°measurement. 

Figguuuurrrre44.32   Graph resuuuult of 18000°° ussing phhhaaassse oooonnnnnly. SSqqquarrrre ffooooormulllaaa gives thhee best resuuullllt,  

        Number oooofff positionnnnn is sssmalllessstt  
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Figure4.33   Graph result of 180° using RSS only. Square formula gives the best result,  

        Number of position is smallest 

 

 
 

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

                      best result, Number of position is smallest. 

Figureeee444.33333333   GGraph resullttttt ooof 180° usiiiinng RSS only. Sqqqquuuare formmmuuuuulllaa gives the bbbbeeeesssstttt rreessssuuuullt,  

        Numbeerrrr off pposition iss smmaaaallllleeeessttt 
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Table4.11   Result data of each formula which rotate antenna set at 180° 

 

 
 

Table4.11 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. 

 

Taabbbbllleee4.11111 reveals tthe rrrresult after calculated by those 3 formulasss,, AAs for this cooondition (ro

annntenna, antteennaa set aaatttt 180°) the resuuullltttt ssshhhow that ssqqqquuuuaaaaare formula usinnnngg phhhaaase ++ RSS *10 ggives

bbest reesult and sqquarrrre root formmmmula using RSS only gives thhheee worst resuuullt. 

5) Graph of 2.5ccccmmmmm iiiintteeeeeerrvaaaalll avvvvvveeeeeeraaaagggggeeeee 2222000000 timmmeees mmmmmeaassssuremmment for first meaaaasurement 

2255°mmmmeasurement. 
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Figure4.35   Graph result of 225° using phase only. Square formula gives the best result, 

        Number of position is smallest  

 

 
 

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

        Number of position is smallest 

Figureeee444.33335555   GGraph resullttttt ooof 225° usiiiinng phase only. SSSSqqquare formmmmmuuula gives the bbbbeeeessstt rreeeesssuult, 

        Numbeerrrr off pposition iss smmaaaallllleeeessttt  
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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° 

 

 
 

Figureeee444.33337777   GGraph resullttttt ooof 225° usiiiinng phase + RSSSSS *10. Squaaarrrrreee formula givvveeeessss ttthhhee bbbbeest result

        Numbeerrrr off pposition iss smmaaaallllleeeessttt. 

TTTaable4.12   RResuuult daaatta of each formmmuuuullllaaaa which rotaatttteeee aaaanntenna set at 222225°
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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. 

 

 
 

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

          Number of position is smallest  

 

antenna, antenna set at 225 ) the result show that square formula using phase + RSS 10 gives

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

6) Graph of 2.5cm interval averrrrage 20000 times measurement for first measurement 

270°measurement. 

Figguuuurrrre44.38   Graph resuuuult of 27000°° ussing phhhaaassse oooonnnnnly. SSqqquarrrre ffooooormulllaaa gives thhee best resuuullllt, 

          Number oooofff positionnnnn is sssmalllessstt  
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Figure4.39   Graph result of 270° using RSS only. Square formula gives the best result, 

        Number of position is smallest 

 

 
 

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

        Number of position is smallest. 

Figureeee444.33339999   GGraph resullttttt ooof 270° usiiiinng RSS only. Sqqqquuuare formmmuuuuulllaa gives the bbbbeeeesssstttt rreessssuuuullt, 

        Numbeerrrr off pposition iss smmaaaallllleeeessttt 
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Table4.13   Result data of each formula which rotate antenna set at 270° 

 

 
 

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. 

 

Taabbbbllleee4.11113 reveals tthe rrrresult after calculated by those 3 formulasss,, AAs for this cooondition (ro

annntenna, antteennaa set aaat 270°) the resssuuuullllttt shhhhow thatttt sssssqqqqquuuuuaare formula ussssing ppphasee + RSS x 10 g

tthe bessst result annd sqqqquare root ffffoormula using RSS only givesss the worst rrresuuult. 

7) Graph of 2.5ccccmmmmm iiiintteeeeeerrvaaaalll avvvvvveeeeeeraaaagggggeeeee 2222000000 timmmeees mmmmmeaassssuremmment for first meaaaasurement 

3155°mmmmeasurement. 
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Figure4.41   Graph result of 315° using phase only. Square formula gives the best result, 

        Number of position is smallest  

 

 
 

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

          Number of position is smallest 

Figureeee444.44441111   GGraph resullttttt ooof 315° usiiiinng phase only. SSSSqqquare formmmmmuuula gives the bbbbeeeessstt rreeeesssuult, 

        Numbeerrrr off pposition iss smmaaaallllleeeessttt  



78 

 

 
 

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° 

 

 
 

Figureeee444.44443333   GGraph resullttttt ooof 315° usiiiinng phase + RSSSSS xxx 10. Squaaaaarrreee formula giiivvvveeeesss tthhheeee  bbest resul

        Numbeerrrr off pposition iss smmaaaallllleeeessttt. 

TTTaable4.14   RResuuult daaatta of each formmmuuuullllaaaa rotate anteennnnnnnnnnaaaa set at 315°
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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. 

 

 
 

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

          Number of position is smallest  

 

antenna, antenna set at 315 ) the result show that square formula using phase + RSS x 10 g

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

8) Graph of 2.5cm interval averrrrage 20000 times measurement for first measurement 

360°measurement. 

Figguuuurrrre44.44   Graph resuuuult of 36000°° ussing phhhaaassse oooonnnnnly. SSqqquarrrre ffooooormulllaaa gives thhee best resuuullllt, 

          Number oooofff positionnnnn is sssmalllessstt  
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Figure4.45   Graph result of 360° using RSS only. Square formula gives the best result, 

          Number of position is smallest 

 

 
 

Figure4.46   Graph result of 360° using phase + RSS x 10. Absolute formula gives the best result,  

        Number of position is smallest. 

Figureeee444.44445555   GGraph resullttttt ooof 360° usiiiinng RSS only. Sqqqquuuare formmmuuuuulllaa gives the bbbbeeeesssstttt rreessssuuuullt, 

          Numbeerrrr off pposition iss smmaaaallllleeeessttt 
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Table4.15   Result data of each formula which rotate antenna set at 360° 

 

 
 

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. 

 

 

 

 

 

 

 

 

 

 

 
 

Taabbbbllleee4.11115 reveals tthe rrrresult after calculated by those 3 formulasss,, AAs for this cooondition (ro

annntenna, antteennaa set aaat 360°) the resssuuuullllttt shhhhow thatttt sssssqqqqquuuuuaare formula ussssing ppphasee + RSS x 10 g

tthe bessst result annd sqqqquare root ffffoormula using RSS only givesss the worst rrresuuult. 
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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 

1cm 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. 

 Conclusion and Recommendation 

5.1 Research Summary 
There are three major purposes ooooooooooofffff the exxxxpppppppppppppeeeeeerriiments as follow

1. To check any effect of wwiitttttttthhhhhhhhhh and withouuuuuuuuuuuuuuttttt wwave absorbers.

2. To compares the measuurrrrrreeeeeeement with twooo ddddddddiffffeerence interval.

3. To check any effectt wwhhhhhhhhhhhhhheen antenna being rroooooooooottated.

Accordingg ttttttttthhhhhhhhhhhhhhhhee exppppppeeeeeeeeeeeerrrrrrrrrrrrriiiiiiiiiiiiiimmmmmmmmmmmennnttaaaaaaaaaaalllllllll rrreeesssuuuuuuuullllt wwwwwwwwwwwwwwwweeeeeee ccccccaannn coooonnncclllllluuuuuuuuuuuuudddddddddddddddddeeeeeeeeeeeesssss as ffffffffffooooooooooooolllllloow conditioning with 

above mennttiiooooooooonnnnnnnnnnneeedddddddddddd pppppppppppuuurrrrrrrrppppppppppoooosesss

1. IInnnnn ttttttttthhhhhee caassssssseeeeeeeeeeeee ooooooffffffff mmmmmmmmmmmeasuringgg 22222.555555 ccmm intervaall wwwwwwwwwwwwwiiith anndd wwwiiittttttthhhhhhhhhhhhhhhoooooooouuuuuuuuuttttttttt wwwave aaaaaaaaaabbbbbbbbbbbssorrbers setup 1 

setuupp 2222222222,, wwwwweeeeeeeeeee  cccccccccommmmmmmmmpppppppppppaaaaaaaaaarrrrrreee rrreeeessssssssuuuulllllttttttttttttt aabout wwwwwwwiiiiiiiiiiiitttthh and without wwwaaaaaaaaaaaavvvve absorrrrrbbbbbbbbbeeeeeerrrrrrrrsssss. WWWWWWaaaaavvvvvvvveeeee abbbbbbbbbbbssssssooooooorrrrrrrbbbbbbbbbbbbberrrrrrrrrrsssssss are used

abssoorbbbbbbbbbbbiiiiiiiinnnnnnnnnnnggggggggg thheee wwwwwwaaaaaaavvvveeeee fffffffffffrrroommmmmmmm aaaantennaaa aaaaaaaaaaatttttt tttttthhhhhhhhhhhheeeeeeeeeee eeeeeeedddddddddddddgggggeee ooofffffff 222222222DDDDDDDDDDDDDDDCCCCCCCCCCCCCCC sssssssssssshhhhhhheeeeeeeeeeeeet.

IInn  tttttttttthhhhhhhhiiiiiiiiissssssss ccccccccccooooppppppppeeeeeeeeeerrrrrrrrrrraaaaaaattiiiiivvvvvvvvvvvvvvee eeddduuuuuuuuuuuuuuccation report, we evallluuuattte position estimmmmmaaaaaaaaaaaaatttttion mmmmmmmmmmmmmmmmmeeeeeeeeetttttttthhhhhhhhhhoooooodddd uuuussssssiiiiiinnnnnnnnnngggggggggg pppppppppphhhhase 

ppppoooooooooooowwwwwwwwwwwwwwwweeeeeeeerrrr levveeeellllllll ddiiiifffffffffffffffffffffferennnnnccccccccccceee of electroooooooooddddddddddddddeeeeeeeee aarrrraayy wwiithh aanndddddd wwwwwwwwwwwiiiiiiiiiittttthout absooorrrrrrbbbbbbbbbbbbbbbbbbbbbeerr. UUUUUUUUUUUUUUUUsssiiiiiinnnngggg the meeeeetttttttttttthhhhhhhhod w

aabbssoorrbbbbbbeeeeeerrr ggggggggggggiiiiiiiiiiiivvvvvvvvvvess tttttthhhhhhhhee bbbbbbbeeeeeeest reesssulttttt iiiiiiiiiiiinnn thhe case with using squarree ffffooooooorrrrrrrmmmula annddddddddddddddd ppphhhhhaaaassee +++++++++++++ RRRRRRRRRRRRRRSSSSSSSSSSSSSS xx 1100.. On

oooootttttttttthher hand, theee rrrrrrreeeeeesssssssssuuullt thaattt iiiiiiiiiisssssss oooooobbbbbbtttttaaaiiiiinnnneeeeeeeddddd ffffffrrrrrrooooooooommmmmmm sssssqqqqqqqquuaarrreeeeeeeee rrrrrrroooooooooooooootttttttt ffffffoooooorrrrmmmmmmmuuuuuuuulllllllllllaaaaaaaa bby usiiiiiiiinnnnnnnnnnnnnnggggggggggggg level only yyiiiiieeeeeeellded

mmoost iinnnaaaaaaaaaaaaaccccccccccccccccccuuuuuuuuuuuurrrrrrrrrrraaaaaaaaaate outtcommmmmmmeeeeeeeeee. UUUUUUUUUUsssiinnggggggg thhhhee mmmmmeeeetthhhhooooooooddddddddddddddddd wwwwiiiiiiiitttttttthhhoouuuuuuuutttt abbbbsssssorrrrrbbbbbber ggggggggiiiiiiiivvvvves the bbbbbeeeeeeeeeessssssssssstttttttttttttt rrrrreessssssssssuuuuuuulltt iinn the c

witthhhhhhhh uuusinggg aaaaaaaaaaabbbbbbbbbbbbssssssssooooooooooollluute ffffoooooooooooorrrrrrrmmula anndddddd phhhhhhase + RRRRRSSS xxxxxxxxxxx 10000000000, andddd  wwoooooorst rreessssssuuuuuuuuullllt iiss ooooooooobbbbbbbbbbbbbtttttttttaaaaaaaaaiiiiiiiiiiiiinnned byy ssssssssqquuare 

forrmmuuuuuuullllllaaaaaaa aaannddddddddddddd RRRRRRSSSSSSSSSSSSSSSSSSS ooonnnnnlyyyy,,, wwwwwwwwwwwhichh iiiissssss aaaaaaliigggggggnnnnnnnnnnnneeeeedd wwwwwwwwiiiiiiittttttthhhhhhhhhhhhhh tttttthhhe reesssssuuuuuuuuuullllllllltttt ffffffrrrrrrrroooooooooooooooomm uuuuuuuuussssssssiiinnggg ttttttttthhhhhhhhhhhhhhhheeeeee mmmmmmmmeeeeeeeeeeeeeettttttttttttthhhhhhhhhhhhhhhhoooooooddd wwwwwwwwwwwwwiiiiitttthhhhhhhhhhh aaaaaaaabbbbbbbbbbbbbssorber.

22. IIIIIIIIIIIIIInn the cccccccccaaaaaaaaassssssssssseeeeee oooooooooooooofff mmmmeeeeeeeeeeaaaaaaaaaassssssuurrinng 22.55cm intervall aavveerraagggeeeee 22222222222222220000000 tttiiiiiiiimmmmmmmmmmmmmmmmeeeeeeeesssssssss ffffffffffoor firstt mmmmmmmmmmeaasssuuuuuuuurrrrrrrrrrreeeeemment 

1cmmmm inttteeeeeeerrrrrrrrrvvvvvval forrrr sseeeeeecccccccconnnndddddddddddd mmmmmmmmmmmmmeeeeeeaaaaaaaaasssssssssuuuuuurreemmmeeeennnttttttttt, ttttttttthhhhhhhhhhhiiiiiiiiiiiiisssssssss iiiiiiiisssssssssss tttttttttooooooo ccoooommmmppppppppppaaaaarrrrrrreeeeee ttttttttthhhhhhhhhhheeeeeeeee mmmmmeeaaaaaaaaassssssssssuuuuuurrrrrrrrrrrrrrreeeeement wwwwwwwwwwwwwwiiiiiiiitttth 22222 diffe

inteerrvvvvvvvvvvvaals, nummmeeeeeeeeeeeeerrrrrrrrrrooooouuuuuuuuuuuussss red llllllllliiiiiiiiiiinnnnnnnnnnnnneeeeeeeeeeeesssssss ccccaaaaaaannnnnnnnn bbbbbbbbbbbbbbeeeeeeeee ooooooooobbbbbbbbbbssssseeeeeeeeerrrrrrrrrvvvvvvvvvveeeeeedddddddddddddddd fffffffffrrrroooooooommmmmmm ttttttthhhhhhhhhhhhhe reeeessssssssuuuuuuuuuuuuuulllllllllllttttttttt duee tttttttttooooo ttttttttttthhhhe fact thhhhhhaaaaaaaaaatt tthey 

meeaassuuuuuuuuuurrrrrrrrreeeeeeeeeddddddddd ffffffffffffrrrrrrrrooooommmmmmmm mmany differennttttt pppppppositiiiiiiiooooooooooonnnnssss.. TTTTTTTTTTTTTTTTTThhhhhhhe mooooooosssssssstttttt aacccccccccccccccccccuuuuurrraatee rrrrrrrrrrrrreeessultt iiiisss remainneeddddddd wwwwwhhhhhhhhhhhheeeennnnnnnnn ccccccaaaaalculated

using phase + RSS x 10, and moosstt iinnaacccurraaaatteee cccaaasssee is caallccuullaatteed by using RSS only.

3 I th f t t d t t 4 ld lik t k if th ff
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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. 

 

 
Figure5.1   Position estimation 

 
 

for first measurement and rotate antenna measurement, observations pointed out that in so

cases (i.e. 45 degrees and 180 degrees) nnuumerous redlines are shown in the X-axis. Thi

because an antenna that is not aligned in theeeeeeeeee ccceeeeeeeeeeennnnntteer. As well as the former parts of the experim

results calculated by absolute formula aannddddddddd pppphhhasseeeeeeeeeee ++ RSS x 10 gives the best outcome, while res

calculated by square root formula and RRSSSSSSSSSSSSSSSS only yyyiiiiiiiiiiieeeellded the worst outcome.

5.2 Identified Experimental isssssue and possibleeee solution
Issued identified in this eeexxxperimentt  wwas the annnntenna has failed to remain in the cen

This can be solved bbyyyy mmmmmakkkking a nnew base fffor tthhhe antennaaaa whicchhh caaaannn be attached to an arm of

robot firmly wwhhicch wwwiiilll effectively solve the problem.

5.3 Adddddddiiiitttioooonnnal Commmmmeeent
Additional ssssccennaario shoulllld bbbbeee iinnntttteeeeggggrrraaatttteeedddd innn future eexxxxpeeeerrrimeennts. One ooofff interes

sceeennnnaaarriooos is to meeeeaaaasureeee every other point. For instance, first measssuuuureemmmmment startinnnggg point at (

thhhen move oon to meaaaasure (0,2) then ((((0000,4444)) so onnn aaaannnndddd so forth, and ssssecooonnnd mmeasuremennt sta

ppoint aaat (0,1) theen mmmmove on to mmmeasure (0,3) then (0,4) so onnn  and so forrtth shows in Fiiiigure 5.1.

Fi 5 1 P iti ti ti
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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* fp1; 

 FILE* fp2; 

 char fname[80]; 

 char *ch1; 

 char *ch2; 

 char* buf1; 

 char* buf2; 

 int num1 = 0; 

 int num2 = 0; 

 int i; 

 

 double** data1; 

 double** data2; 

 char* name1; 

 char* name2; 

 char** name1_list; 

 char** name2_list; 

 

#include <stdio.h> 

#include <math.h> 

#include <stdlib.h> 

#include <string.h> 

#define MAX_LEN 256 

#define MAX_LINE 5000 

int main(t void) 

{ 

 FILLEEE* fp1; 

 FFFIIIILLLLEEEE* fpp2; 

char fname[[[88880];;;; r

cchar *ch1111;

chaarr *chhh2;

chhhaaar* buuf1;;;; 

char* buuffff222; 

intt num1 = 0; tt

int num2 = 0; t

iiintt iii;

dddouble** ddddaaaaata1; 

double***** data2; 

ccchhhaaarrr** nnname1;

char* name2;

char** name1 list;
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 buf1 = (char*)malloc(sizeof(char)*MAX_LEN); 

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

 data1 = (double**)malloc(sizeof(double*)*MAX_LINE); 

 data2 = (double**)malloc(sizeof(double*)*MAX_LINE); 

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

  data1[i] = (double*)malloc(sizeof(double)*8); 

  data2[i] = (double*)malloc(sizeof(double)*8); 

 } 

 name1_list = (char**)malloc(sizeof(char*)*MAX_LINE); 

 name2_list = (char**)malloc(sizeof(char*)*MAX_LINE); 

 

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

 gets_s(fname); 

 

 

 

 fp1 = fopen(fname, "r"); 

 if(fp1 == NULL){ 

  printf("Can't open file\n"); 

  exit(1); 

 } 

 int flag;  

 

 while(fgets(buf1, MAX_LEN-1, fp1) != NULL){ 

 

 

  ch1 = strtok(buf1, " "); 

  i = 0; 

  flag = 0; 

  while(ch1 != NULL){ 

Input phase file 1 

 buf2  (char )malloc(sizeof(ff char) MAX_LEN); 

 data1 = (double**)malloc(sizeof(ff double*)*MAX_LINE); 

 data2 = (double**)malloc(sizeof(ff doooubbblle*)*MAX_LINE); 

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

  data1[i] = (double*)maaallllloc(sizeoofff(((ff double)*8); 

  data2[i] = (double*)mmmmalloc(sizeof(ff dddouble)*8); 

 } 

 name1_list = (char**)malllloooc(sizeof(ff cchar*)*MAAAX_LINE); 

 name2_list = (chhaar**)maaaalllloc(sizeooofff(((fff chhhaaar*)*MAXXXX_LINNEEEE));;; 

 prinnnnttttffff("IIInnnnnnppppppuuuuttttttttt phasseeeeeee fffffiiiiillllee nnnnnnnaaaammmmee 1::"");;

 getts_ssss(fname));; 

 fp1 = foppen(((fffname, "r");

iff((ffffp1 === NNNNULL){ fffff

  pppprintf("CCaaaaaaaannnnn'''ttttt oooppppeeennn ffffiiiilllleeee\\\\\nnnnn""""))))));;;;;

  exit(1); 

 } 

int ffflag;  t

wwhile(fgeeeetttss(((((bbuf1, MAXX_LEN-1, fp1)) != NULL){{ 

  ch1 = strtok(buf1, " ");

Inpuput phase file 1
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   if(flag == 0){ 

    name1_list[num1] = strdup(ch1); 

    flag = 1; 

   }else{ 

    data1[num1][i] = atof(ch1); 

    i++; 

   } 

   ch1 = strtok(NULL, " "); 

  } 

  num1++; 

   

 

 } 

 fclose(fp1); 

 free(buf1); 

 

 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 

    name1_list[num1]  strdup(ch1); 

    flag = 1; 

   }else{ 

    data1[nuuuum1][i]]]] = atof(ch1); 

    i++; 

   } 

   ch1 = strtokkk(NULL, " ");

  } 

  num1+++++;;;; 

   

 } 

 fclose(fpp11)); 

 ffree(buf1); 

 printf("IIIIIIInputttt pphase file nnaaaaaammmmmmmee 22:");

 geetttts_s(ffnnammmme); 

 fp2 = fopen(fnammmme, """rr""));;;

if(fp2 == NULLLLLL){ ff

  printf("""""CCCCan't oooooppppppeen ffffffiiiiillleee\\n"")))));;;;

  exit(1); 

 }} 

whhhiiillle(((fgets(buf2, MAAAAAXXX_LENNN-111, ffffpp2) != NNNUUULLLL){ 

Input phhhhase e file 22
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  while(ch2 != NULL){ 

   if(flag == 0){ 

    name2_list[num2] = strdup(ch2); 

    flag = 1; 

   }else{ 

    data2[num2][i] = atof(ch2); 

    i++; 

   } 

   ch2 = strtok(NULL, " ");} 

  num2++; 

   

 

 } 

 

 fclose(fp2); 

 free(buf2); 

 

 printf("Input level file name 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; 

Input level file 1 

   if(flag  0){ ff

    name2_listt[[num2] = strdup(ch2); 

    flag = 1; 

   }else{ 

    data2[[[nnum2][i] == atof(ch2); 

    i++;;; 

   } 

   ch2 = strtttoook(NULL,, " ");}

  num2+++++;;;; 

   

 } 

 ffclose(fp2);;; 

 free(buf22)))); 

 prriiiinntf(""IIIInppppuuuuuuuuutt level fiiillllllllllleeeee nname 1:");

 gets_s(fnnnnaaame); 

 FILE* fp3; 

 fppp33333 = fopen(fname, """""""rrrrrrr""))));;;;

iifff(fp3 === NNNNNUUUUULL){ ff

  pppprrrriiintf("CCCCCCCaaannnnn''''tttttt oooooppppennnnn ffffiiiiillllleeeeee\\\\\nnnnn"""");

  exit(1); 

 } 

Inpuuuut t level fileee 1  
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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, " "); 

  i = 0; 

  while(ch3 != NULL){ 

   if(flag == 0){ 

    name3_list[num3] = strdup(ch3); 

    flag = 1; 

   }else{ 

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

    i++; 

   } 

   ch3 = strtok(NULL, " ");} 

  num3++; 

   

 

 } 

double  data3; 

int num3 = 0; t

  

 buf3 = (char*)malloc(sizeof(ff charr))))*MAXXXX_LEN); 

 data3 = (double**)malloc(sizeofff(ff double*)))*MAX_LINE); 

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

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

 } 

 name3_list = (chhaar**)maaaalllloc(sizeooofff(((fff chhhaaar*)*MAXXXX_LINNEEEE));;; 

  

whilee((((fgets(buuf3, MAX_LENN---1, fp3) != NUUULL){ 

  flagggg = 0000; 

  ccchhhh3 === strtok(buf3, " ");

  i = 000; 

  whhhiile(ch3 !== NNNULL){ 

   iiiffff((((fffffffllllaaagggggg ===== 00000)))))){{{{{{ ffff

    naaamme3333_llliiiiissttt[[[[[[[nnnummmmmmm33] === strdddupp((ch33)))));; 

    flaaaag = 1; 

   }else{{{{{ 

    data3[num3][i] = atof(ch3333))));;; 

    i++; 

   }}}} 

   ch3 == strtokkk((NNNUUULLLLL, " """)));}}}

  num3++; 
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 fclose(fp3); 

 free(buf3); 

 

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

 gets_s(fname); 

 

 FILE *fp4; 

 

 fp4 = fopen(fname, "r"); 

 if(fp4 == NULL){ 

  printf("Can't open file\n"); 

  exit(1); 

 } 

 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; 

Input level file 2 

 free(buf3); 

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

 gets_s(fname); 

 FILE *fp4; 

 fp4 = fopen(fname, "r");

if(fp4 == NULLLLL)))){{{ ff

  prinnnttttf("Cannnn''''ttttttt oppen fffffiiiiilllllee\\nnnn"");

  eexxxiittt(((1); 

 } 

chhaarr* buufff44; 

ccchar* ch4;

char** naaame444_list;

double*** dattta4; 

innnttt num44 ==== 0; ttt

 buf4 = (char*)mmmaaaallooocc(sizzzeoff(fff char)*****MMMMMMMAAAXXXXXXX____LEEENNN); 

 data4 = (doublllee**)malloooooc(ssizeof(ff ddooouble****))*MMMAAXXXX__LIIIINNE); 

for(((iii=0;i<MAXX_LINEEEE;;;;iiiiii++++))){{{{{ 

  data4[i] = (dddooouuubble*)malloc(sizeof(ff double)))*8888))); 

 }} 

 name4__llliiisssstttt = (chhhaaarr****)))malloc(sssiizzeeooofff(ffff cchhaaarrr*)*MAX_LINNNNEE))))); 

  

( ( ) ){

Input level file 2



92 

 

  ch4 = strtok(buf4, " "); 

  i = 0; 

  while(ch4 != NULL){ 

   if(flag == 0){ 

    name4_list[num4] = strdup(ch4); 

    flag = 1; 

   }else{ 

    data4[num4][i] = atof(ch4); 

    i++; 

   } 

   ch4 = strtok(NULL, " ");} 

  num4++; 

 } 

 fclose(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; 

 printf("Input start sink number(0 - 7) :"); 

 gets_s(si); 

 start = atoi(si); 

Input start sink number 
from sink 0-7. 

  i  0; 

  while(ch4 != NULL){ 

   if(flag == 0){ ff

    name4__llllist[nummmm4] = strdup(ch4); 

    flag = 1; 

   }else{ 

    dattta4[num4][i] = attooof(ch4); 

    i++++; 

   }}} 

   ch4444 = strtokk(NULL, """" ");}

  nnnuuummm4++; 

 } 

 fclose(fpp444)); 

 ffree(buf4); 

int j, k; t

  

double***** d1;

 d1 = (double**)mmmmalllllllloc((sssiizeeof(ff ddoubbblleeee*)****MMMMMMMAAAXXXX_LLLIINEEEEE); 

for(i=0;i<MAXXXXX_LINE;iii+++)){{ 

  d1[i] = ((doubllleee*****)))mmaaaalllllllllooc(((((sssiiiizzeeeeooof(ff douubbbblle))))******77777)));;; 

 } 

char si[[[[3333]]];;;; r

iiintt sttart; tt

int end;

( ( ) )
Input start sink number
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 if(start < 0 || start >= 7){ 

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

  start = 0; 

 } 

 printf("Input end sink number(start+1 - 7):"); 

 gets_s(si); 

 end = atoi(si); 

 if(end <= 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(data1[k][j] - data1[k][j+1])<180){ 

    d1[k][j] = abs(data1[k][j] - data1[k][j+1]); 

   }else{ 

    d1[k][j] = abs(abs(data1[k][j] - data1[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<num2;k++){ 

  for(j=start;j<end;j++){ 

Input end sink 
number from 
start+1 - 7. 

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

  start = 0; 

 } 

 printf("Input end sink number(sttaaarrrrrrrrrttt+1 - 7777777):");

 gets_s(si); 

 end = atoi(si); 

if(end <= start || end > 7){ ff

  printf("Input end sssssssiiiiiiink numbbbbeeeerrr error. ennnnnnndd sink num set to 7\n");

  end = 77;;;; 

 } 

for((kk===0;k<numm1;k++){ 

  ffffoooorrr(j=ssssttttaaarrrrt;j<end;j+++++++){ 

   if(abs(dattttaaaa1111[[kkkk][j] - data1[kkk]][[[jjj+++++1])<180){{ ff

    d1[k][j] = abs(data1[k][j] - data1[kkkk][j+++111]); 

   }else{ 

    d1[k][j] = abs(abs(data1[k]]]][[[jjj] - data1[[[kkk][[jj+1])))---3360)));;; 

   } 

  } 

 } 

doouuuble** d2;

 dd2 = (douuublleee**)mallocc((siizzeoff(fff ddooubbllle***)*MAX_LLINNE); 

for(i=0;;;;iii<<<<MMMMAX__LLLLIIIINNNNEE;i++){ 

  d2[i] = (doubbllle*)maaalllllloc((sssiizeof(ff dddoubblllee)*7); 

 } 

Input end sink 
number from 
start+1 - 7.
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   if(abs(data2[k][j] - data2[k][j+1])<180){ 

    d2[k][j] = abs(data2[k][j] - data2[k][j+1]); 

   }else{ 

    d2[k][j] = abs(abs(data2[k][j] - data2[k][j+1])-360); 

   } 

  } 

 } 

  

 double min; 

 int min_num; 

 double buf_min; 

 int l; 

 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* wfp; 

 FILE* xfp; 

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

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

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

    d2[k][j]  abs(data2[k][j]  data2[k][j+1]); 

   }else{ 

    d2[k][j] ==== abbsss(abs(data2[k][j] - data2[k][j+1])-360); 

   } 

  } 

 } 

double min;

int min_num;

double buf_mmmmin; 

int llll;;;

doubbllleee x_s; 

douubbble yy_ss; 

dddouble x_e;;;

ddoubbllle y__e;

chhhaaar* a;

char* regggg; 

doubbbllleee td; 

int tttd_num; t

doouuuble e_max; 

 FILE* aaaafffpppp;;;; 

 FFFIILLLEEE*** wfp; 

 FILE* xfp; 

( )
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 fprintf(wfp, "reset\n"); 

 fprintf(wfp, "set term post eps color \"Arial\"\n"); 

 fprintf(wfp, "set output \"phase_arrow.eps\"\n"); 

 fprintf(wfp, "set xrange[25:125]\n"); 

 fprintf(wfp, "set yrange[12:52]\n"); 

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

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

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

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

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

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

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

 

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

 gets_s(fname); 

 

 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; 

 

Input formula by choosing number.  

 fprintf(wfp, set term post eps color \ Arial\ \n );

 fprintf(wfp, "set output \"phase_arrow.eps\"\n");

 fprintf(wfp, "set xrange[25:125]\n"))));

 fprintf(wfp, "set yrange[12:52]\nn""""");

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

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

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

 fprintf(wfp, "set mytics 4\nnnnnnn"""");

 fprintf(wfp, "sseet nnnookey\n"""""""");

 fprintf(wfp, """""ssset sizzzeeee sssqquareeeee\\\\\nnnnn""\\\\\ );

 fpriiinnnttf(wfffppp, """""""set gggrrrrrrriiiiiiiddddd xxtttttiiiiiiccccssss yytttiiiicsss mmmmxxttttiiiicccsssss mmmyyyyyyytticcss\\\\\nnnn"");;

 priintf(""IIIIInnnnnnnnpppppppuuuuutt nnnnnuuuuuuuuummmmmmbbbbbbeer(1:Poowwwwwwwwerr, 2:Abs, 3:Sqrt) ::::::::: ");

 ggets_s(fnammmme); 

int formmm;; t

 foorrrrmm = aatoiiii(fname); 

iif(form != 1 &&&& ffforrrmm !===== 2 &&&&& ffforrrrrrmmmmmm !!!=3333))))))){{{ fff

  printf((((""wrong innnnpuutt numbbeeerrrr!\nn"""))))));;;;;

  exit(0)); 

 } 

 td = 0.0000;; 

 tttdd_num = 0; 

 e_max = 0; 

InnInInput formula bybyb  ccchhohhh osing nuuumbbberee .



96 

 

 for(k=0;k<num2;k++){ 

  min = 10000000; 

  min_num = 0; 

  for(j=0;j<num1;j++){ 

   buf_min = 0; 

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

    if(form == 1){ 

     buf_min += pow((d1[j][l] - d2[k][l]), 2); 

    }else if(form == 2){ 

     buf_min += abs(d1[j][l] - d2[k][l]); 

    }else if(form == 3){ 

     buf_min += sqrt(abs(d1[j][l] - d2[k][l])); 

    } 

     

   } 

   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); 

  }else{ 

   printf("input file error 1 %s!\n", name2_list[k]); 

  } 

  a = strtok(NULL, ","); 

  if(a != NULL){ 

   y_s = atof(a); 

  min  10000000; 

  min_num = 0;

  for(j=0;j<num1;j++){ 

   buf_min = 0; 

   for(l=start;l<ennnd;l=l+1){{ 

    if(forrm == 1){ ff

     buf_min +=== pow((d1[j][l] - d2[k][l]), 2); 

    }}}eelse if(form == 2){ ff

     bbbbuuf_mmmmin += abbbssss(d1[jj]][[[[lll]]] - d2[k][l]); 

    }eeelllsse iiff(form == 3){ ff

     buf_min += sqrtt((abss(d1[j][[[lll]]] --- dddd2[kkkk]]]][[[[l])); 

    } 

    

   } 

   if(min > buf_min){ ff

    mmmmmiiiin == buf_min; 

    min_num = j;

   } 

  } 

    reeggg = strddddduuuup(naaaaammmmme222___listttt[k])))); 

  a = strttook((regg,,,, """",,")));;;

  if(a != NULLLL)))){{{ ff

   x_s = atof(a); 

  }}}}eeellsse{ 

   printtttffff("inppuuuuuuuuuutt fffiiillllle eerror 1111 %s!!!\\\\\\\\\nnnn", nammmee2_liist[k]); 

  } 

( )
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  }else{ 

   printf("input file error 2 %s!\n", name2_list[k]); 

  } 

  reg = strdup(name1_list[min_num]); 

  a = strtok(reg, ","); 

  if(a != NULL){ 

   x_e = atof(a); 

  }else{ 

   printf("input file error 3! %s\n", name1_list[min_num]); 

  } 

  a = strtok(NULL, ","); 

  if(a != NULL){ 

   y_e = atof(a); 

  }else{ 

   printf("input file error 4! %s\n", name1_list[min_num]); 

  } 

   

  if(x_s == x_e && y_s == y_e){ 

   fprintf(xfp, "%f %f\n",x_s, y_s); 

  }else{ 

   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 lc %d\n", 

x_s, y_s, x_e, y_e, 1); 

   }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 lw 4 lc %d\n", 

x_s, y_s, x_e, y_e, 2); 

   }else{ 

    fprintf(wfp, "set arrow from %f,%f to %f,%f lw 4 lc %d\n", 

x_s, y_s, x_e, y_e, 3); 

   printf( input file error 2 %s!\n , name2_list[k]); 

  } 

  reg = strdup(name1_list[mmmmiiiin_nnnum]); 

  a = strtok(reg, ",");

  if(a != NULL){ ff

   x_e = atof(a)));; 

  }else{ 

   printf("innnpppppppppuuut file errrrroooor 3! %s\nnnnnnn"", name1_list[min_num]); 

  } 

  a = sssstrtok(NNNNUUULL, """,,,,"""");

  iiifff((aaa != NUULL){{ fffff

   y_e = atof(a)));; 

  }}eeeellse{{ 

   printf("iiinnnnnnnnnppppppppppuuuuuuuttttt ffffffiiillllle errrroor 44!!! %%%%%%%sssssss\\\\\\nnnnnnn"""""", name1_llllist[[mmmmin_num]); 

  }}} 

  

  if((((xx_s == x___eee && y_s == y_e){ ff

   ffpppprrrrrrriiiinnntttffffff((((((xxxxffffpppp,,,, """"%%%%%ffff %%%%ffff\\\\\ffffffffff nnnnnn"",x_ssss, yyyyyy_sssss))))));;; 

  }else{ 

   if(sqrt((pppppowwww((x_s--xxxxx___e),, 222222)))))+poooww(((((yy_sss--y_e), 222)) < 10){ ff

    ffppppprrrriiiiiinnnnnttf(((wwwwwwfffppppppp,, "set arrrrrrrrooooowwww ffffrroommm %%%%f,,,%%%%%%%fff tttoooooo  %%%%%%%%fffff,%%fffffff llw 444 llllc %%d\n", 

x_sss,,, y_sss, xxxxx_e, y_e, 1); 

   }eellssee iiiff(sqrt(pow((x_s-x_e), 2)+pooww((y_s-y_eee))))), 22)) >= 10000 &&&& ff

sqrt(((ppppow((x_s-xx_eeee)))),,, 2)+poooowww(((((((yyyy_s-y_e), 2)) < 20){ 

    fprriiintffff(((wwwwfp, "seeeet arrrooooooowwww froommmmmmmm %f,%%ff to %f,%%ffff llw 4444 lllcc %d\n", 

x_s, y_s, x_e, y_e, 2); 

} {
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   } 

   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(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 = %.2f%% (%d/%d)\n", (double)(num2-

td_num)/num2*100, num2-td_num, num2); 

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

(double)td/num2); 

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

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

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

 fclose(wfp); 

 fclose(xfp); 

 

 double min2; 

 int min_num2; 

 double buf_min2; 

 

 FILE* wfp2; 

 wfp2 = fopen("result_level.plt", "w"); 

 

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

   if(sqrt(pow((x_s-x___ee), 2)+pow((y_s-y_e), 2)) > e_max){ ff

    e_max = ssssqrttt(((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){ ff

   td_num++; 

   } 

  } 

 } 

  

 fpriiinnnttf(affffppp, """""********* uuuuuuussssiiiiinnnnggggggg pppphhhhhhaasse ooonnnnlllyyyyyy *********\\\nnn");

 fpriiiintf(affpp, "ccoooooorrrrrrrrrreeeeccccctt estimmaatttttiiiiiiionn ratio = %.2f%%%%%%%%%%% (%d/%ddddddd)))\\\\\\nnnnnnnn", (dddooouuubble)((num22--

td_nummm))))//num2*10000,,, nummmm2-td_nummmm, nnnnum2); 

 fprintf(afffppp, "avvvvvvveeerage of error distanncce == %%.2fcm (%.2fcm)\\\\\nnnnnnnnn", (ddooouubblee)td/tddd_numm, 

(ddoouuubbblle)td/num222))); 

 fpprrrriintf(aafp,,, ""maximuuuuuuuuuuummmmm error distance = %.2fcm\n", eeee___max); 

 fprintf(wwwwfffp, "plott \\\\\\\\"""""pppphhhhhaaassseee.dddddaaaatttt\\\\""""" wwwww pppp pppsssss 222 ptt 6666666\\\\nnnnn""""")))));;;

 fprintf(wfp, "seeettttt outtpput\\nnn");;

 fclose(wfp); 

 fclooose(xfpp)); 

dddouble mmmiiiinnnn22222;

int minn__nnnnuuuum2;

dddoubbbllle buf_min2; 
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 FILE* xfp2; 

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

 

 fprintf(wfp2, "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(wfp2, "set yrange[12:52]\n"); 

 fprintf(wfp2, "set xtics 5\n"); 

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

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

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

 fprintf(wfp2, "set nokey\n"); 

 fprintf(wfp2, "set size square\n"); 

 fprintf(wfp2, "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_num2 = 0; 

  for(j=0;j<num3;j++){ 

   buf_min2 = 0; 

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

    if(form == 1){ 

     buf_min2 += pow(((data3[j][l]-data3[j][l+1]) - 

(data4[k][l]-data4[k][l+1])), 2); 

 xfp2  fopen( level.dat , w );

 fprintf(wfp2, "reset\n");

 fprintf(wfp2, "set term post eps ccooooooooollllor \"""AAAAAAAArial\"\n");

 fprintf(wfp2, "set output \"levell____aarrrow.eepppppssss\"\n");

 fprintf(wfp2, "set xrange[25:112222222225]\n");

 fprintf(wfp2, "set yrange[12:::::::::555552]\n");

 fprintf(wfp2, "set xtics 5\nnn"""""""");

 fprintf(wfp2, ""sseettt yyytics 17777777777, 5\n");

 fprintf(wfp2222,,, "set mmmmxxxxtttttiiiiics 44\\\\nnn""""\\\\ );

 fpriiinnnttf(wfffppp222, "set mmmmmmmyyyyyytttticccccccsssssss 44444\\\\nn"""\\\ );

 fpriinntttffff(wfp2, """ssssseettttt nnokey\n");

 fpriiiintf(wwffpp2, ""ssssssssseeeettt sssiizze squuaaarrrrrrreeee\nn");

 ffprintf(wfp2222, "seeeeeeetttt grid xttiiiccccccccssssssssss yyyyyytttttiiiicccss mxxttiicss mmmyyyytttttiiiiiiiccccccssssss\\\\\nnnnnnnn");

 tdd == 0.0;; 

 td_num ==== 0; 

 e_max = 0.0; 

  

for(((kkk=0;k<num44;;k++))){{{{{ 

  min2 = 100000000000000000; 

  mmmminnnnn_num2 = 00;

  ffooorrr((j=0;jjj<<<<nnnnuuuumm3;j++){ 

   buf_mmmmin2 == 00; 

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

( ){
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    }else if(form == 2){ 

     buf_min2 += abs((data3[j][l]-data3[j][l+1]) - 

(data4[k][l]-data4[k][l+1])); 

    }else if(form == 3){ 

     buf_min2 += sqrt(abs((data3[j][l]-data3[j][l+1]) - 

(data4[k][l]-data4[k][l+1]))); 

    } 

     

   } 

   

   if(min2 > buf_min2){ 

 

    min2 = buf_min2; 

    min_num2 = j; 

   } 

 

  } 

   

  reg = strdup(name2_list[k]); 

  a = strtok(reg, ","); 

  if(a != NULL){ 

   x_s = atof(a); 

  }else{ 

   printf("input file error 1 %s!\n", name2_list[k]); 

  } 

  a = strtok(NULL, ","); 

  if(a != NULL){ 

   y_s = atof(a); 

  }else{ 

   printf("input file error 2 %s!\n", name2_list[k]); 

     buf_min2 +  abs((data3[j][l] data3[j][l+1])  

(data4[k][l]-data4[k][l+1])); 

    }else if(ffoooormm == 3){ ff

     buf_mmmmiin2 += sqrt(abs((data3[j][l]-data3[j][l+1]) - 

(data4[k][l]-data4[k][l+1]))); 

    } 

    

   } 

  

   if(miiin2 > bbuf_min2){ ff

    min22222 = buf_min2; 

    miiiin_num2 = j;

   } 

  } 

  

  rrrreg = strdduuuuppppppp((((nnnnnaaaammmmmeee22222__llllliiiisssttttt[[[kkkkk]]]]])))));;;; 

  a = strtoookkk(rreeeg, """,,");;

  if(a !== NULL){{ ff

   x__s === aaaaaattooff((((aaaa)))));;

  }eelllssseee{ 

   printff(("""iiiiinnnnnpppppuuutt ffiiillllee eeerrrrrrrooorrr 11111 %%%%s!\\nnn"",, naame2_list[kk]]]])));;; 

  }}}} 

  a = strtok(NUUUUULL, ",,,"""""")));

  if(a != NULL){ ff

( )
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  } 

  reg = strdup(name1_list[min_num2]); 

  a = strtok(reg, ","); 

  if(a != NULL){ 

   x_e = atof(a); 

  }else{ 

   printf("input file error 3! %s\n", name1_list[min_num2]); 

  } 

  a = strtok(NULL, ","); 

  if(a != NULL){ 

   y_e = atof(a); 

  }else{ 

   printf("input file error 4! %s\n", name1_list[min_num2]); 

  } 

 

  if(x_s == x_e && y_s == y_e){ 

   fprintf(xfp2, "%f %f\n",x_s, y_s); 

  }else{ 

   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 lc %d\n", 

x_s, y_s, x_e, y_e, 1); 

   }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 lw 4 lc %d\n", 

x_s, y_s, x_e, y_e, 2); 

   }else{ 

    fprintf(wfp, "set arrow from %f,%f to %f,%f lw 4 lc %d\n", 

x_s, y_s, x_e, y_e, 3); 

   } 

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

  reg  strdup(name1_list[min_num2]); 

  a = strtok(reg, ",");

  if(a != NULL){ ff

   x_e = atof(a); 

  }else{ 

   printf("inputt fffffffffiiile error 3! %%%%%%%%%%s\n", name1_list[min_num2]); 

  } 

  a = strtok(NULL, """""",");

  if(a != NNNNUUULL){ ff

   y_e = atof((a); 

  }}}}eeellsssee{ 

   printf("inpuutttttt fffile error 4! %%%%%sssss\\nn", name1_llisst[min_nuuuummm2]); 

  }} 

  iiifff(x_ssss == x_e && y_s == y_e){ ff

   fprintf(xfffppppp2222, ""%f %%ffff \ff n"",x_s, y_sss))); 

  }eelllsse{ 

   iiiffff((((ssssssqqqrrrttttt((((((ppppppooowwwww((((((((((((xxx___ssss-xxxx_eeeeee))))))),, 2))+++++pppppoooowwwww((((((((((yyy_sss-yyyyy__e), 2)) < 1110){ ffff

    fpprrrintffff(((wwwwffffppppp,, "seeeettttt arrrrooow ffffrommmm %ffff,%%%%%%f to %f,%%%%%fffff lllllwww 44444444 lc %%d\n", 

x_s, y_s, x_e, y_e, 1); 

   }else iiffff(((ssqqqqqrrrrttttt((((((pppowwwww(((((((((((xxxxxx___s-x_e)))))),,, 222)))+++++++ppppppoowwww((((((((((yy___sss--y_e), 22)) >=== 100 &&&&&& ffff

sqrttt((pooowww(((xxxxx_s-x_e), 2)+pow(((((yyyy_s-y_e), 2)) < 20){ 

    fprintf(wfp, """"sssseeetttt arroowwwww fffffrrroooommmmmm %%%%%%%fffff,%%%%%f tttttoooooooo %%%%%%%%%%f,%f lwww 4444444 lc %%%%%d\n", 

x_s, y_s, x_e, y__ee,,, 222); 

   }elsee{ 

    fprintf(wfp, "set arroww froom %f,%f to %f,%f lw 4 lc %d\n", 

)
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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++; 

   }    

  } 

 } 

 

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

 

 fprintf(afp, "correct estimation ratio = %.2f%% (%d/%d)\n", (double)(num2-

td_num)/num2*100, num2-td_num, num2); 

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

(double)td/num2); 

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

 

 fprintf(wfp2, "plot \"level.dat\" w p ps 2 pt 6\n"); 

 fprintf(wfp2, "set output\n"); 

 

 fclose(wfp2); 

 fclose(xfp2); 

 

 printf("Input weight for level:"); 

 gets_s(fname); 

 

 double weight; 

 weight = atof(fname); 

 

 double min3; 

Input weight number. 

    e_max  sqrt(pow((x_s x_e), 2)+pow((y_s y_e), 2)); 

   } 

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

   td_num++; 

   }    

  } 

 } 

 fprintf(afp, "****** uusing lllllleeeeeeeevvel onlyyyyy ***********\\\\n");

 fpriiinnnttf(affffppp, """""ccorreecccccccttttttt eeeesstttiiiiiiimmmmmmmaaaatttiion rrraaaattiiooo == %%%%%%%.222fff%%%%%%%% (((%%%%%%%%ddddd//%%%%%%%dddd)))\n"", (((dddooouble))))((((num2-

td_num)/numm2222*100, nuum2-td_num, nuuum2); 

 fpriiiintf(affpp, "aavvvvvveeeeeeeerraaaagggee of errrrooooooorrrr ddistance = %.2fccccmmmmmmmmmm (%.2fcccmmmmmmm)))))))\\\\\\\\nnnnnnn"", (dddooouuble))td/td_nnnnum, 

(doubleee))))ttd/num2); 

 fprintf(afffppp, "mmmmmaaaaaaxximum error distancce == %%.2fcm\n", e_max)));;;; 

 fpprrrriintf(wwfppppp2222, "plot \""llllllleeevvel.dat\" w p ps 2 pt 6\n");

 fprintf(wwwwfffp2, "sett oooooouuuuutttttpppppuuutttt\\\\nnn""""))));;;;;

 fclose(wfp2); 

 fclooose(xfpp2); 

 printf("IIInnnnnnnppuuuuuutttttttt wweeiiiiggggghhhhhtttt fffffoooorrrrr lllleeeeevvvveeell:"");

 gets_s(ffffnnaaaammmme); 

double weight; 

( )

IIInput weeigi ht numbeer.r
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 int min_num3; 

 double buf_min3; 

 

 FILE* wfp3; 

 wfp3 = fopen("result_total.plt", "w"); 

 FILE* xfp3; 

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

 

 fprintf(wfp3, "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(wfp3, "set yrange[12:52]\n"); 

 fprintf(wfp3, "set xtics 5\n"); 

 fprintf(wfp3, "set ytics 17, 5\n"); 

 fprintf(wfp3, "set mxtics 4\n"); 

 fprintf(wfp3, "set mytics 4\n"); 

 fprintf(wfp3, "set nokey\n"); 

 fprintf(wfp3, "set size square\n"); 

 fprintf(wfp3, "set grid xtics ytics mxtics mytics\n"); 

 

 td = 0.0; 

 td_num = 0; 

 e_max = 0.0; 

 

 for(k=0;k<num2;k++){ 

  min3 = 10000000; 

  min_num3 = 0; 

  for(j=0;j<num1;j++){ 

   buf_min3 = 0; 

double buf_min3; 

 FILE* wfp3; 

 wfp3 = fopen("result_total.plt", "wwwwwwwww");

 FILE* xfp3;

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

 fprintf(wfp3, "reset\n");

 fprintf(wfp3, ""sseettt tterm poooooooooosssst eps coooolllllllooorr \\\""""""AAAAAAArial\"\nnn"""""))));

 fprintf(wfp3333,,, "set ouuuutttttttpppuut \""ttttoootttttaaall___aaaarrrrrrrrroowwwww.epppppssss\\\\""\\nn");

 fpriiinnnttf(wfffppp333, "set xxxxxxxrrrraaaannnngggggggeeeeeee[[[[[222222555:1122555]]]]]]]\\\nn"));;

 fpriinntttffff(wfp3, """ssssseettttt yyrange[12::5555555222]\n");

 fpriiiintf(wwffpp3, ""ssssssssseeeettt xxxxxttics 5\nn"""))));

 ffprintf(wfp3333, "seeeeeeetttt ytics 177777,,,,,, 55555555\\\\\\\nnnnn""""");

 fprintf(wwffffp3, """sssssseet mxtics 4\n"\\ );

 fprintf(wwwfp3,, "set myticss 44444444\\\\\\\\nn""\\\\ ));

 fpprrrriintf(wwfppppp3333, "set nooooookkkkkkkkkkeeyy\n");

 fprintf(wwwwfffp3, "sett ssssssiiiizzzzeee sssqqqquuuaaaarrrreee\\\\nnnn""""")))));;;;

 fprintf(wfp3, "ssseeeeeett grriiidd xxttticss yyticcs mmmmxxxxtttttiiiccs mmmmmytttiicccs\nnn"");

 td === 0.0;

 tdd___num = 0; 

 e_max = 0000.00000; 

fffor(((kkk=0;k<num2;k++++))))){ 

  min3 = 10000000; 
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   for(l=start;l<end;l=l+1){ 

    if(form == 1){ 

     buf_min3 += pow((d1[j][l] - d2[k][l]), 2) + 

pow(((data3[j][l]-data3[j][l+1]) - (data4[k][l]-data4[k][l+1])) * weight, 2); 

    }else if(form == 2){ 

     buf_min3 += abs(d1[j][l] - d2[k][l]) + abs((data3[j][l]-

data3[j][l+1]) - (data4[k][l]-data4[k][l+1])) * weight; 

    }else if(form == 3){ 

     buf_min3 += sqrt(abs(d1[j][l] - d2[k][l])) + 

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

    } 

       } 

   if(form == 1){ 

    buf_min3 += pow((data3[j][l] - data4[k][l]) * weight, 2); 

   }else if(form == 2){ 

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

   }else if(form == 3){ 

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

   } 

    

   if(min3 > buf_min3){ 

 

    min3 = buf_min3; 

    min_num3 = j; 

   } 

  } 

  reg = strdup(name2_list[k]); 

  a = strtok(reg, ","); 

  if(a != NULL){ 

   x_s = atof(a); 

    if(form  1){ ff

     buuff_min3 += pow((d1[j][l] - d2[k][l]), 2) + 

pow(((data3[j][l]-data3[j][l+1]) - (data4[k][[llll]-ddaata4[k][l+1])) * weight, 2); 

    }else if((((form ====== 2){ ff

     buf_minn3 += abs(d1[j][l] - d2[k][l]) + abs((data3[j][

data3[j][l+1]) - (data4[k][l]-data4[k][l++++1])) * weighttt;;; 

    }ellsse if(form == 3){{{{ ff

     buf_min3 +== sqrt(abs(d1[j][l] - d2[k][l])) + 

sqrt(abs((data3[j][l]-dataa3333[[jj][l+1]])))) - (data4[[[kkkk]]][[lll]]]]]-data4[k][[[[lll+1])))))) * weight; 

    } 

       } 

   iiif(form == 1)))){{ ff

    buuuuf_min3 += pow((ddddata3[j][l] -- ddddata4[kk][l]) ** weigghhhht, 2); 

   }else if(foooorrrrmmmm == 2){ ff

    buf_min3 += abs(data3[j][l] - dataaaa444[k]]][[[l]) * weighhhhtttt; 

   }else if(ffoooorrrmmm == 3){ ff

    buf_min3 += sqrt(abs(data3333[[j][l] - datttaaa4[[k][l])))))) * wwweeeiiiggght; 

   } 

   

   if(min3333 > bbbbuf_miinnnnn333){ ff

    min3 = buf_min3; 

    min_num3 = j;

   }}}} 

  } 

  reg = strdup(name2_list[k]])); 

( )
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  }else{ 

   printf("input file error 1 %s!\n", name2_list[k]); 

  } 

  a = strtok(NULL, ","); 

  if(a != NULL){ 

   y_s = atof(a); 

  }else{ 

   printf("input file error 2 %s!\n", name2_list[k]); 

  } 

  reg = strdup(name1_list[min_num3]); 

  a = strtok(reg, ","); 

  if(a != NULL){ 

   x_e = atof(a); 

  }else{ 

   printf("input file error 3! %s\n", name1_list[min_num3]); 

  } 

  a = strtok(NULL, ","); 

  if(a != NULL){ 

   y_e = atof(a); 

  }else{ 

   printf("input file error 4! %s\n", name1_list[min_num3]); 

  } 

 

  if(x_s == x_e && y_s == y_e){ 

   fprintf(xfp3, "%f %f\n",x_s, y_s); 

  }else{ 

   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 lc %d\n", 

x_s, y_s, x_e, y_e, 1); 

   printf( input file error 1 %s!\n , name2_list[k]); 

  } 

  a = strtok(NULL, ",");

  if(a != NULL){ ff

   y_s = atof(a); 

  }else{ 

   printf("inppuuuuuuuuuttttt file error 2 %s!!!!!!!\\\\\\\n", name2_list[k]); 

  } 

  reg = sttrrrrddddup(nammmme1_list[mmmmiiinn_nnnnum3]); 

  a = sssstrtok(reg, """,");

  iiifff((aaa != NUULL){{ fffff

   x_e = atof(a)));; 

  }}eeeellse{{ 

   printf("iiinnnnnnnnnppppppppppuuuuuuuttttt ffffffiiillllle errrroor 33!!! %%%%%%%sssssss\\\\\\nnnnnnn"""""", name1_llllist[[mmmmin_num3])));;;; 

  }}} 

  a = ssstrtok(NULL,, """"","")));;

  if((((aa != NULLLLL)))){ ff

   yy___eeeeee == aaaattttooofffff((((aaaaa))))));;; 

  }else{ 

   printf("""inppuuut file eeerrrrrorr 44444!! %%%ss\\\n", nammmmme1_liisssst[min_num3]); 

  } 

  iiifff((xxxxx_s == x_e &&& y_s == y_e){ fff

   ffffpppprriiiinnntf(xfp3, """%%%%%ffff %%%%%%fffffffff \\\\\ffffffff nnnnn""",x_s, y_s); 

  }else{ 

   if(sqrt(pow((x_s-x_e))), 2)+pow((y_s-y_e), 2)) < 10){ ff

(
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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 lw 4 lc %d\n", 

x_s, y_s, x_e, y_e, 2); 

   }else{ 

    fprintf(wfp, "set arrow from %f,%f to %f,%f lw 4 lc %d\n", 

x_s, y_s, x_e, y_e, 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(sqrt(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 = %.2f%% (%d/%d)\n", (double)(num2-

td_num)/num2*100, num2-td_num, num2); 

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

(double)td/num2); 

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

 fprintf(wfp3, "plot \"total.dat\" w p ps 2 pt 6\n"); 

 fprintf(wfp3, "set output\n"); 

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

    fprintf(wfppp,, "set arrow from %f,%f to %f,%f lw 4 lc %d\n", 

x_s, y_s, x_e, y_e, 2); 

   }else{ 

    fprintffff((((wfp, "seettttt arrow from %f,%f to %f,%f lw 4 lc %d\n", 

x_s, y_s, x_e, y_e, 3); 

   } 

   

   ttttdd += sqqqqrrt(pow((xx__ss-xxxx__e), 2)+pooooww((y__ssss--yyy__e), 2)); 

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

    e_max = sqqrt(((ppppow((x_s-xx_e)), 2)+poww(((((((y_s-yyy___e), 2)); 

   } 

   iiifff(sqrt(powwww((x_s-x_e), 2)+powwww((y_s-y_eee)))),,,2))>=2.5){ ff

   td_num+++++;;; 

   } 

    

  }}}} 

 } 

 fpriiinnntf(afpp, "************* usinnnngggggg pppphaassssseeeee aannddddd lleeevvvvvveeel*%.22222fffff *************\\nnn""",,, wweeeiiight); 

 ffprintf(affffpppp, """"""""coorrrrrreeeeecccccttttt eeeeesssttttiiiiimmmmmaaaattttiiioon raattttiiiiiooo === %%%%%.22222ffff%%%%%% (((((%%%%%ddddd/////%%%%%%ddddddd)))))\\\\\nnn", (dddouuubble)(num2-

td__nnnuuum)/num2*11100000000,, num2222-ttdddd___num, num2); 

 fffpriiinttfff(afp, "average ooooooooffff erroooorrrrrrrrr ddddiisttaannnnce = %%%%.2fffffccccccmmmm (%%.222222222ffcm))\\nn", (double))))tddd///ttddd_num, 

(double)td/num2); 

( )
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 fclose(afp); 

 fclose(wfp3); 

 fclose(xfp3); 

 

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

  free(d1[i]); 

  free(d2[i]); 

  free(data1[i]); 

  free(data2[i]); 

  free(data3[i]); 

  free(data4[i]); 

 } 

 free(d1); 

 free(d2); 

 

 free(data1); 

 free(data2); 

 free(data3); 

 free(data4); 

 

 free(name1_list); 

 free(name2_list); 

 free(name3_list); 

 free(name4_list); 

} 
 

 

 fclose(afp); 

 fclose(wfp3); 

 fclose(xfp3); 

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

  free(d1[i]); 

  free(d2[i]); 

  free(data1[i]); 

  free(dattttaaaa222[i]); 

  freeee((((data3[iii]]]]))); 

  ffffrrreeeee(((data44[[i])); 

 } 

 free(d1);; 

 ffree(d2); 

 free(dataaa1); 

 frreeeeee(dataa2))));; 

 free(dataaaa333); 

 free(data4); 

 freeee(name1_listt));; 

 frreeeeee(name2_list); 

 ffree(nammmeeee33_list); 

 free(nammmmeeee4444__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 

 

 
 

Figure B.1 Screen display after start up program 

 

 

        “Gnuplot” is a command-line program that can generate two and three dimensional plots 

functions, data, and data fits. It is frequentlyyyy usseeed for publication quality graphics as well as a

educational purposes. The program runs oooonnnn all mmmaajor computers and operating systems

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

long history, dating back to 1986. Thissss software is nooot distributed under the GPL license, optin

for its own open source license insteaaad. Gnuplot can ppprrroduce output directly on screen, or in 

many formats of graphics files, incllluding PNGG, EPS, SVVVG

Figure B.1 Screen display after start up program 

, JPEG and many others. It is also 

capable of producing LaaTTTTeeeX codeeee that can bbbbee iiinnnncluded diiirrrrectly iinnnn LaTeX documents, making u

of LaTeX's fonts andddd powerffffuuuulll formuulae abilities. The programmm can beeee used both interactively 

in batch mooddddee usiiinnngg scriptss. In thhis section,,, we will presentt howw to useee GGGGnnupllloooott program in thi

experiment.

1111)))) Screen after ssstttartttt up 
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2) Insert experiment data after calculate 

 

 
 

Figure B.2   Click open to choose file name 

 

 
 

Figure B.3   Choose file name and click open 

 

Figure BBBB..2   Click open to cccchoose fileee nnnnaaaame 
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3) Plot an evaluation graph. 

 

 
 

Figure B.4   File path name of experiment data 

 

4) Display result in Microsoft PowerPoint or other program 

 

 
Figure B.5   File result 

FFFFigure B.4444   File path name oooof experimmmeeennnnt data 

4))) DDiispllllay result iiinn Miiiiccrosoft PowerPoint or other program 
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Figure B.6   Experiment data graph 

 

 

 

 
 

Figurrrree B.6   Experiimeeeent data graaaaappphh 
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