
     �
�

�

Position Estimation Using Phase Difference of Electrode Array for 
Two-Dimensional (2D) Communication System 

Supaporn Chantanakorn 

�

�

�

Cooperative Education Report submitted in partial fulfilment for the degree of  
Bachelor of Science Program in Information Technology 

Faculty of Information Technology 
Thai-Nichi Institute of Technology 

Academic Year 2010 

Positionnnn EEstimmmmationn UUUUUsssiinnnngg PPPPPPhhhhhaaaseee DDDDDDiiffffffffffeeeerrreeeennnnnce offff EEElecttttrrrrrode Array fo
TTTTwwoo--DDDDiiiimmmmmmeensionnnnaaalllll (((2222DDDD))) CCCCCCooommmuuunnnnnniiiiicccccationn SSysttteeeem 

Supaporn Chantanakkkkkkoooorn 

Coopppperativeeee Edddduuuuucccatttiiiionn RRRReporrrttttt sssuuuuubbbbbmmmmmmiiiitttttttteeeeeed in parrrtttiiiaaall ffffulfiilllllmmmmmennnnt for thhheee degr
BBBBachelor of SSSSSciencccce PPPPPrrroogrammmm innnn Inforrrrrmation Technollllloogggyy 

Facullltty of Innnnffffoooorrrmmmation TTechnology 
Thai-Nichi Institute of Technology 



     �
�

Position Estimation Using Phase Difference of Electrode Array for 
   Two-Dimensional (2D) Communication System      

Supaporn Chantanakorn B.Sc.(Information Technology) 

Cooperative Education Report submitted in partial fulfilment for the degree of  
Bachelor of Science Program in Information Technology 

Faculty of Information Technology 
Thai-Nichi Institute of Technology 

Academic Year 2010 

Cooperative Education Report Examination Committee:  

Dean, Faculty of Information Technology and 
Committee Chairman

           Prof.Sura Lekhakul, Ph.D.   

________________________ Committee and Advisor 

Saprangsit Mruetusatorn, Ph.D.  

                

 ©Copyright by Thai-Nichi Institute of Technology�

Position Estimation Using Phase Difference of Electrode Array for 
   Two-Dimensional (2D) Communication System      

Supaporn Chantanaaaka orn B.Sccccc.(Information Technology) 

Cooperative Education RReRRR port subububu miiiiittttt ed in pppaaraa tial fululfilment for the degree of  
Baaaacchelorororr oofff f f SSScSS iencn e Proggogggrarr m in Inffororormamamatttit on TTTTTechnology 

FaFaaF cucccultltttl yy yy ofofofofof I I IIIInfffoooro mamamamamattittionononnono  T TT T ecececcchnhh ologgggyy y
ThThThTT ai-Niccccchihhhihi III Insnstitittitututuututettettete offf f TeTeTeechchchchnononoonon loll gy 

AAAcademic Yeeeeae r 2010 

Cooppperative e Eduuucucuu ation ReReReReport Examination Commmmimmm ttee:  

DeDeDeeD anaanan, FFaFFF cuuuulty oof IIInforrrrrmam tion TTTeececceechnhhnhnnh ology and
Coooommmmmmmmittttetettteeee ee Chhairrman

           Prof.f.f.ff SuSuSuSuSuSurarrr  Lekkkkekhakul, Phhh.DD.   

_______ ________________ ______________________________ Committee annnndddd AAdAAdA viviviviisososoossor r r rr

Sapranggsgsg ittt MMM ruetusssatatatatorororororo n,n,n,n,nn  PP PPPPh.h.hh.D.D.D.D   



ii�
�

�

Title    Position Estimation Using Phase Difference of Electrode Array  
for Two-Dimensional (2D) Communication System 

Credit   6 
Candidate   Miss Supaporn Chantanakorn 
Advisor    Saprangsit Mruetusatorn, Ph.D. 
Program   Bachelor of Science Program in Information Technology 
Field of study  Information Technology 
Faculty   Information Technology 
A.D.    2010 

Abstract

Company Name  National Institute of Information and Communications 
    Technology (NICT)  
Place    Kyoto, Japan  
Type of Business Research Center  
Department  New Generation Wireless Communications Research Center 
Position   Research Assistant 
Supervisor Name  Dr.Bing Zhang 

 Two-dimensional (2D) communication is a novel communication technology, 
which uses a sheet of special structure that allows a physical surface to propagate 
radio signals, and a coupler that is used to input / output radio signal. Furthermore, the 
2D communication technology can be applied for energy transmission by using high-
power carrier waves, which can easily allocate a lot of sensors on the two dimensional  
sheet, and gather data from each node with high throughput. 
            In this report, a position estimation method that uses the phase difference of 
input electrodes upon receiving pilot signal from device is proposed. The proposed 
method is described and evaluated by measuring the phase and power level of pilot 
signal, in which reflection does not occur.  The accurate position information of 
devices can be applied to various location-specific multimedia applications in the 2D 
communication system. These applications have a very high possibility that people 
can explore interesting spots or items in more detail.  It makes people have more 
comfortable lives.              

Keyword:  two-dimensional communication / position estimation / phase difference /  
                    pilot signal / carrier wave 

Credit   6 
Candidate   Miss Supaporn Chantanakorn 
Advisor    Saprangsit Mruetetetetetusatorn, Ph.D. 
Program   Bachelor of Scieeeencnccce Program in Information Technology
Field of study  Information Teeeeechnnononology 
Faculty   Information TeTeTeT chnooololl gy 
A.D.    2010 

Abssstract

Company Name  National IIIIInstitute of Inforrrmation and Communications 
    Technoloology (NICTCTCTCT)  
Place    Kyoto, JJapan  
Type of Business RRRReseaaarrrcrr h Centter  
Department  New Genenenenen raaaaatitittitionoono  WWWWWirrrreleelelessssss C C C Comommunicacaac tions Research Center
Position   RRResesesee eaeaaarcrrcrcrch h AAsAsA siisisisisstanant 
Supervisorrr   Name  DDDDr.r.r.r.r BBiBBB ng Zhahahah ng 

 TTTTwowowow -d-ddd-dimimimmmmenenenenne sisiisiononallalal ( ( 2D) coooommmmunication iiss s s a noveeeeelll l cocc mmmmmm uniccccatatatioioioioionnnnn technolo
whiccchhh h uses aaaa s s s hehehheh eteettt of f ff f special structure that allllllowoooo s a ppphphpp ysyssicicalalallal s s s ss suruuruuurface too o oo propag
radio sisisisignggg als, andnddddd a cooouo pler thahahaaaatt t t isisisi uu uuseeddddd d toto iiiininpupupupuputtt tt // / / oouooo tput rraaada io ssssigigigiggnanananal.llll  Fururrurthththhermore, 
2D commmmmmumumuuunininininiccatititition ttteeeecee hnology can be applied for energy ttttttrar nsmimimimimim ssssssss ioioioiion bbybb  using hi
poooower caaarrrrrrrrieiieieier wwwavess,s  which can easillyy yy alalaalloloolol cacacac te a lot of senssooorooo s onnnnn  theehehehee ttt wo dddd dimmimmenee sio
shhhheeeeeeeeeet,t,,, anddd ggggathhehhh r daaaata from eaachchchchh node with high hhh thththththror ughput.
            In this s reppopoop rt, a posisisisittion estimation methodddd tt thah t usesss t  he phase dddifference
innpupupupuputttt eele ececece tttrtrodddes uuuupon reeecccecc iving pilot signal from devvvvicii e is pppprorrr pppposed.dddd T Thehehehehe p pp propo
mmmmethod is descccccriririibed annnnddd d evevvalaaluauaatetedddd bybbyby m mmmeasusuuurrininng g g g ththee phphphhhppp ase anndd dd power level of p
signgngngnalaal, innnn ww wwhiicchc  refleeeeectc ioioioion ddoees nnnnnottttt o ccccccuru .  T heee aacccc urrrrate positionoononon i  nffnffforoororormmamam tion
devices sss cacaacaan n n n beb  appliedededed to vaarir oouus locaaaatitititit oonooo -ssssspepepeep cccificcc muultimmmmmedia apppppliliill cacacacac tioooons in the 
commmmmmmmunicccccatattataatioiiioi n systtteeeme . Theesse appliccaaaaationnnns hahahhahavve aa vvery hiiighg  posososo sisisisibbbbib lity t tthahhh t peo
can exee plp orore eee ininini tereestsstststing spottss ooor itemsmmmss in mmmmom rre ddeetaiil.  It mmmmakkesesesse  p pppeoplp e hhhah ve m
comfffortablblle eee lliiiiivvvevvev s.sss               

Keywywywywywy orooo dd:d: two-ddididimememememmensnsnnsn ioi nanaaalll coccc mmunication / posiisisititititiononon ee eestststststimimimimmimaaata ion / phhhhasaaaa e didididdifferen
                    pilooolot siss gnnnalalalala  / / // ccccarararaa rier wwavavvvaveeee 



�
�

�

iii

Acknowledgement 

 First and foremost, my utmost gratitude to my supervisor of this project,  
Dr.Bing Zhang for her sincerity, encouragement and advice to inspire me to complete this 
project.  My sincere thanks go to Dr.Takashi Matsuda for the valuable guidance and 
support from the initial to the final level enabled me to develop an understanding of the 
subject.  Without his guidance and persistent help this report would not have been 
possible. 
        Then I would like to thank my advisor, Dr.Saprangsit Mruetusatorn for unselfish and 
unfailing support as my report advisor and thank for his help and direction suggested 
until the completion of the project. 
         Besides, my sincere gratitude to the National Institute of Information and 
Communications Technology (NICT) for scholarship of accommodation cost in Japan 
and provide me with a good environment and facilities to complete this project.  In 
addition I would also like to take this opportunity thanks to my university,  
Thai-Nichi Institute of Technology (TNI) for allowing me to do the internship at NICT.  
It gave me an opportunity to participate and learn this subject. 
        Last but not least, an honorable mention goes to my father and mother who are 
wonderful parents for their great encouragement, advice and benefactor to support me to 
complete the project.  Without helps and big love of my parents, I would face many 
difficulties while doing this project.  Also thanks NICT research team and my friends   
who were doing this project with me and sharing ideas. They were helpful that when we 
combined and discussed together, and had this task done. 
�
�
�
�

�

�

�

�

Acknowledgement 

First and foremost, my utmost grgrgrgrgratitude to my supervisor of this proj
Dr.Bing Zhang for her sincerity, encouraaageeeememm nt and advice to inspire me to complete 
project.  My sincere thanks go to Drrrr.T.T. akkkkasaaa hi Matsuda for the valuable guidance 
support from the initial to the final levvevv l enaaba led me to develop an understanding of
subject.  Without his guidance andddd persisteeene t help this report would not have b
possible.
        Then I would like to thank my y  advisor, Dr.SaSS prangsit Mruetusatorn for unselfish 
unfailing support as my report adddvisor and thaaaaanknnnn  for his help and direction sugge
until the completion of the projecttt.tt  
         Besides, my sincere graaattit tude to oo o the NaNaaational Institute of Information 
Communications Technology (N(N(NICT) fffoor sscholarshshshs ip of accommodation cost in Ja
and provide me witthh h h aa aa gooddd  environnnnnmemmementntnttnt and facccic litiessss tt ttooo o complete this project. 
addition I would also lililillikkke ttttto ooo tatakekkke ttttthihisss opppppoppp rtttununununniiti y thhhanks to my univers
Thai-Nichi Insnssn tititt tute oooof Technonononoolollologygygyg  (((((TNTNTTTNTNI))) fororrorr aaa aallllllowowowowinnnng g ggg me to ooo do theeehee i  nternship at NI
It gave me aaaannn oppopopoportunnittyy y y ttotototot  ppaarticipappapp ttettete aa a dnddd lll leaeaeaeaarnrrr  this s ssuuuubjbjbjbjbbjeeecee t. 
        Last butututt n  ot lleaeaeaeeaaststtst,,, an honoraababaa le mention ggoes to mmmy y y yy fafaffafather andndndndnd mother who
wonderrrrfufuf l paaaarrererentntntntnts s fofoofoorr r thhhheieieeee r great eeene couragement,  advice anananaannd dd beeeenennn factcttoroo  to o suss pport m
compleleleel te ttthhhhe ppprororoojejejejej cttt.  WWWWithout hhhhelps and big lovovvove of mmmmy yyy papappareeentntnttnttss,s,ss, I I woulddldldd face m
difficculululultit es wwwwwhhihihihhilelll  ddddooinggggg this prrooojoo ecct.t.t.  AlAlAlAlAlAlsosososososo ththththht anaaaankss N  ICT rrererrresearararchcchchh t t ttteeeae m annnnddd d my frie
who werereereree ddddoioioioio ngnnn  tttthhhih s pprprproject wiiththhtht  me and sharing iidididdeas. Theeeeey yyyy weeeererrr  hhhhhelelelele pfppp uululu  that when
combmbmmbm iniininneede  anddndndd disiisiscusssssede  together, and had this task done.



�
�

�

iv

Contents 

Chapter

1. Introduction               1 
1.1 Work Place Name                1 

1.1.1 Name in English                       1 
1.1.2 Name in Japanese                       1 

1.2 About NICT                                               1 
1.3 NICT Action Principles                      2 

1.3.1 Creating Technologies                                                                                      2 
1.3.2 Contributions to Society                                                                                  2 
1.3.3 Devotion to Self-Improvement                                                                         2 

1.4 NICT Organization Chart                                                                                           2 
1.5 Work Place Location                                                     3 
1.6 Work Description                                                                                                  3 
1.7 Supervisor                           3 

1.7.1 Supervisor Name                       3 
1.7.2 Supervisor Position                      3 

1.8 Period of Work                                             3 
1.9 Research Objective                       4 
1.10 Expected Result                        4 

2. Two-Dimensional Communication System         5 
2.1 Introduction                         5 
2.2 Related Work                        6 
2.3 2D Communication System                      6 

3. Applied Theories              8 
3.1 Phase Difference of Multiple Inputs               8 

3.1.1 Phase Difference Equation                9 
3.1.2 Wave Function Equation             10 

3.2 Path Loss                 10 
3.3 Position Estimation Equation              11 

4. Experimental Evaluation           13 
4.1 Working Plan                13 

4.1.1 Study about 2D Communication            13 
4.1.2 Measure phase and power of 2DC sheet            14 

4.2 Work Description                14 
4.3 Experimental Setup and Description             14 
4.4 Position Estimation Method              17 

Contents 

Chapter

1. Introduction              
1.1 Work Place Name               

1.1.1 Name in English                      
1.1.2 Name in Japanese                      

1.2 About NICT                                              
1.3 NICT Action Principles                     

1.3.1 Creating Technologies                                                                                     
1.3.2 Contributions to Socieeetttyt                                                                                   
1.3.3 Devotion to SeSeSeelf-Impprrrorr vementntntntn                                                                         

1.4 NICT Organizatttatiion ChChhChararrara tttt                                                                                                
1.5 Work Place Locaaaatation                                                    
1.6 Work Deesescripipipiptititt oonoo                                                                                                         
1.7 Supervissssoroo                           

1.7.1 Supepepep rvrvissii orororrro  N N N NNNammmme e                       
1.77.7.7 2 SuSuSuSupppervvvvvisisissisoooro  PPPoososiittitti ioi n                     

1.8 Peeeerir od of fff WoWoWWoWW rkrkk                                                
1.9 Reseeaaraa chchh O O Objeeecece tiveee                         
1.10000 E EExpxpxpppectetetetedd d ddd ReReReesult                        

2. TTTTTwowowwowo-Dimenssiss onaaala  Commuunininin cation System         
2.1 Intrrroductionnn                        
2..222 2 ReRReReRelllalateeeeddd Woooork                       
2.3333 3 2D Commuuninininniccation SSSSysyysy tetetemm m                       

3. Appliiiiieddededed T TT T heh ories             
3.1 PhPhPhPhaaaase DiDiDiDD ffffffff erence oooof Multippple Inputss              

3..1.1 PhPhhasasasasseee e Difffeeeere ence Equuuattiion                
3.1.11 2 WaWaWaaveeee FFunununu cttioioion Equauauauauattit ononnnn             

3.2 PaPaPPaPaath Loossoso s                  
3.3 PPoPPoPossiss tiooon Estimmatatatttioioioioioion nn n n EqEquauaatitittionooo               

4. Exxxpx erimentaaaal EEvEEE aluationononnnn           
4.1 WWoWW rking PlPlPlPlann                

4.1.1.111 11 SttSttStudududdudyy y about 222D Commomommuninininicacaacacatititiono             
4.1.2 Measure phase and popopoowewewwewerr of 2DDDCDD  sheeheet            

4.2 Work Description                
4.3 Experimental Setup and Description             



�
�

�

v

Contents (Continue) 

4.5 Experimental Method               19 
4.6 Experimental Result and Discussion            22 

5. Experimental Conclusion           37 
5.1 Concluding Remarks               37 
5.2 Experimental Conclusion              37 
5.3 Recommendations               37 

6. Developed Applications            38 
6.1 Introduction                 38 
6.2 Digital Scope System on the Sheet             38 

Bibliography                 40 
Appendix A                41 
Appendix B                91 
Appendix C             105 
Curriculum Vitae              111 

Contents (Continue) 

4.5 Experimental Method               
4.6 Experimental Result and Discussionnn            

5. Experimental Conclusion            
5.1 Concluding Remarks               
5.2 Experimental Conclusion              
5.3 Recommendations               

6. Developed Applications            
6.1 Introduction                 
6.2 Digital Scope System on thee e Sheet             

Bibliography                 
Appendix AA                 
Appendix BBBB                
Appendix C             1
Curriccccululuulumumumum V VVitiititittaeaeaeaea               1



�
�

�

vi

Table Contents 

Table 3.1 The database of first time                                11 
Table 3.2    The database of second time                                                      11 
Table 4.1    The database of phase and power level                            18 
Table a-1 The correct estimation using phase, power level and  
 phase+(power level(x10))                         79 
Table a-2   The average of error distance using phase, power level and  
 phase+(power level(x10))           79 
Table a-3 The maximum error distance using phase, power level and 
 phase+(power level (x10))             80 
Table a-4 The correct estimation with number of input electrode    80 
Table a-5    The average of position error with number of input electrode       81 
Table a-6    The maximum error distance with number of input electrode       81 
Table a-7    The correct estimation ratio, average of position error and  
 maximum error distance of square equation                                            82 
Table a-8  The correct estimation ratio, average error distance and 
                  maximum error distance of absolute equation                                        82 
Table a-9 The correct estimation ratio, average of position error and  
 maximum error distance of phase, level, weight of level by  
 using square root equation                 83 
Table a-10 The correct estimation using phase, power level and  
    phase+(power level(x10))                83 
Table a-11 The average of error distance using phase, power level and  
          phase+(power level(x10))                                                                    84 
Table a-12 The maximum error distance using phase, power level and  
 phase+(power level(x10))                84 
Table a-13 The correct estimation with number of input electrode                            85 
Table a-14 The average of position error with number of input electrode                 85 
Table a-15 The maximum error distance with number of input electrode                 86 
Table a-16 The correct estimation ratio, average of position error and  
 maximum error distance of square equation                                           86  
Table a-17 The correct estimation ratio, average error distance and  
                 maximum error distance of absolute equation             87 
Table a-18 The correct estimation ratio, average of position error and 
                  maximum error distance of phase, level, weight of level by 
 using square root equation                87  

Table Contents 

Table 3.1 The database of first time                                
Table 3.2    The database of second tiitimemeeme                                                      
Table 4.1    The database of phase aaaaandnn  pooower level                            
Table a-1 The correct estimationnn using pppphase, power level and  
 phase+(power level(x1x11x10))                          
Table a-2   The average of errorr d dddistance ussssing phase, power level and  
 phase+(power level((((x10))           
Table a-3 The maximum errooorr r distance usingnngng phase, power level and
 phase+(power leveveeevel (x10))             
Table a-4 The correct estimmamam tion wittttthh h nun mberr oo oof input electrode    
Table a-5    The average of ppoppp sition eeerrrorrrrrr w ith nuuuumbmmm er of input electrode       
Table a-6    The mmmmaaximimimmum eeeeerror distattt ncnccce with nummmber ooofo  iiinpnpnpnpputu  electrode       
Table a-7    The cccccorrecttt estimatatatatatiioi n n n nn rarararaatio,oo  aavevevverageggegege o f f pop sitionnnn error and 
 mmmmmaximimimum eeeerrrr ororoorr d d dddissi tattat ncnccee offf s ququuuq aaara e eee eqeqeqeqquaaaaau ttititt on                                             
Table a-8  Theh  corrrrreerr ctctctctt eeee ests imatioooonn n ratio, averrarr ge errorororororor dd d ddisii tat nce and 
                  maaxixiixixiimmmmumum m mm error disttttaaaance of absoluuuuutet  equation nnnn                                        
Table a-a-aa-999 ThThThThThT e eee coc rrrrrececceccct t estimaaatttit on ratio, averagggge e of posssssitititittioioii n eeeree ror anannnd  
 mmmmaaxaxa immmimmummmmm error diisisii tance of phase, leleleeevel, weieieieiighghghghg ttt offfof l llllevevevevveveleelelel b y  
 uusiingngngnn  sququququare roototott e eeeququququuataataata iiioiioion n                 
Table a-11101110 Thhheheh  cororrrrrer ct estimation using phase, power levvvvvel annndnd    
    phphphhase++++((power level(x10))))))))                
Taabblbble a-111111 T T TTThe aaaavverage of errrrororor r dddistance u iiisingngnggg p pp phase, powwweeer levvvevvv llll aand  
          ppphp assssee+eee (powerrrr ll level(x10))                                                                     
Table ee aaa-a 1222 T T TTheee maximuuumuu  error distance using phase,ee,e,e,e  p ower lllevele  aandndndnddn   
 ppppphahaahase+(poooowwer level(x10))                  
Taaaaablbb e a-13 TTTTThhhe correeeeecttttc  e eeeestststststimiii atatatatioioioioionnn n n wwiwiwiwithhhhh nn nnnumbebebebeber ofofofoff inpnpppput eelectrodeddedede                            
Table a--1444444   The averrrage of ff poossition eeeerrrrrrrrrror wwwwwithhh h nummmbeer of fff inii put elecctrtrtrttroddododode e                 
Table a-a-a-a-1155155 T   he maaxaxaximum eerrroor distaaaannnce eee e wiwiiiiththhthth nummmbeer of iinnnpn ut eleectctctctc rororororodede                  
Tabllleee ee a-16 TTTThe ccoooro rect estiimaaation raaaatiio, aavvvevv raagge ooof ppositionnnnn e rrorrrrr a aandndnndnnd  
 mmmmmaximmmmum errorrrr disisstance ooof squararararree eqqquuuatioon                                           
Tablllle eee a-17 TTTheheheehee c ccorrereeect estiimatiiion ra itio, average error disssi ttat nccccce ee e ana d  
                 maxaxaxxaximimimimimmumuuu  eeerrrrrrrroro  distance of absolute eqquaauaaaatititititt ono              
Tabllleee ee a-a--a-188818 Theheheheh  cccoroororrorrererereeectctctct estimmmmmatatatatatioioioon n ratio, averarraagegegege of poopoopoposisisisis tittititt onononononon errrrrrorooo  and 
                  mmmamm xixixix mum mm ererrerrrorororororrrrr r dididiistststts anaaa ce of phase,e,e, ll levvevevevellelee , wewewewewweiigii ht oooff ff levvvev l by 
 uuuusiiiing squuuuarararare ee roootototot eee eququququququatataaata iooiooioionnnn n                



�
�

�

vii

Image Contents 

Figure 1.1 NICT Organization Chart               2  
Figure 1.2  NICT Location                  3 
Figure 2.1  2D sheet construction                7 
Figure 2.2 Evanescent wave                 7 
Figure 3.1 Different distance of two electrodes array            8 
Figure 3.2 Phase Difference                 9 
Figure 4.1 The experimental setup             15 
Figure 4.2  The cross section view of the wave absorber         15 
Figure 4.3 Client device for pilot signal transmission         16 
Figure 4.4 The antenna               16 
Figure 4.5 The electrode              17 
Figure 4.6 Phase angle measuring device           17 
Figure 4.7 The arrangement of electrode           17 
Figure 4.8 Phase and Power level�information         17 
Figure 4.9  The experiment set up           20 
Figure 4.10 The measurement condition          20  
Figure 4.11  Example of gather data in Microsoft Excel       21 
Figure 4.12  Display window of phase and power level information     21 
Figure 4.13  Example of position estimation graph        22 
Figure 4.14  Example of correct estimation ratio graph       22 
Figure 4.15  The position estimation using phase information      23 
Figure 4.16  The position estimation using power level information     24 
Figure 4.17  The position estimation using summation of phase and  
 power level (x10)           24 
Figure 4.18  The range of input electrode          25 
Figure 4.19  The result using phase and square equation with  
 three patterns of input electrode         25 
Figure 4.20  The phase information result with 4 times of k        26 
Figure 4.21  The correct estimation ratio using phase information       27 
Figure 4.22  The correct estimation ratio using power level        27 
Figure 4.23  The correct estimation ratio using summation 
 information of phase + (level (x 10))          27 
Figure 4.24  The average of error distance using phase information       27 
Figure 4.25  The average of error distance using power level information      28 
Figure 4.26  The average of error distance using summation  
 information of phase + (level (x10))          28 
Figure 4.27  The maximum error distance using phase information     29 
Figure 4.28  The maximum error distance using power level       29 
Figure 4.29  The maximum error distance of phase + (level x 10)  
                     information using 3 equations           29   

Image Contents 

Figure 1.1 NICT Organization Chart              
Figure 1.2  NICT Location                  
Figure 2.1  2D sheet construction               
Figure 2.2 Evanescent wave                
Figure 3.1 Different distance of twwoww  electrrorodes array           
Figure 3.2 Phase Difference                
Figure 4.1 The experimental seeetttut p             
Figure 4.2  The cross section viiiew of the wavevee absorber         
Figure 4.3 Client device for pppppiiilii ot signal transmmmmission         
Figure 4.4 The antenna               
Figure 4.5 The electrode              
Figure 4.6 Phasesees a anggglelll  meeaeaae suring dddddevviiicicii e           
Figure 4.7 The aaaaarrangement ooooof fff elellelececececectrt dooodde            
Figure 4.8 PPPPPhahh seee and PPPPPowowwwo ereererer ll eveveevellll ininii foormr atatatattiiioioi nn nn n         
Figure 4.9  Thhe exxpepepepep rriirimemmemementn  set uuuupp p           
Figure 4.10 Thhe e ee memememmem asassurement coooocondition          
Figure 4444.1.1.111 EEEE EExaxaxaxax mpmplelee o o oooof f gatherrr d dddata in Microsoooftftff  Excel       
Figureerere 4.12  DDDDisisisisplplplpllaaaya  wwwwwindow oofoffo  phase and powerrrrr level iinnnfnn orrrmamamamatititiitionononononon     
Figure 44 44.1.. 3  EEEEExaxaaaammmpm leeee of posiittiititionononon eee eestststststiiimimim tttatatiiiioionnn nn grgrgrggrgrapapapaaphhh hh        
Figure 444...1.14 4 4   Exxxax mpppllelelle of correct estimation ratio graph         
Figggugg re 4 44.11155  TT TThhe pooososition estimation uuusisingngnggg ppphase informationonoonon      
Figugugugure 4.116666 6  T T TTThe ppppoosition estimamamaam tittition using powwweererererr l evel informmmmam tioono      
Figure 44 4.17  TTTThe ppppposition esesesesttitimation using summatitiioononoo  of phasssse ee andd dd  
 ppppowwwer level ( ( ((x10)            
Fiiiiigugg re 4.18  TTTTTheheheh  rangee oof input electrode           
Figuguggug re 4.19   TT T TThhhe resulllllltt t usuususinininining gg phphhhasasasasaseee ananananand sqsqsqsqsquarerereree eeeeququuuataaa iooooon wwwiw th 
 three pattttternnns ooffof innnputttt eleeeectctcctc roddeddd          
Figuree 44 4 44.200 0 00 0    The phahahahase inforrrmaaation reseeessullllttt t t wiwiiwiiththhthth 4 timmmess of k k        
Figuurrrerr  4.21  TT T The ccoooro rect estiimaaation raaatiio usssssiniii g pphaasse iinformmataaaaa ion       
Figureee 4444 4 222.22 222  TTTTThe corororo rect estiimi aaation raaatiio usinnnnng gggg ppowwwer level        
Figuuuurerrr  4.23   T T Theheheehee c ccorrerereectc  estiimatiiion ra itio using summatiiiion nn n
 infnfffforororroro mamamammam tit onnn oo o of f phase + (level (x 10))           
Figuuurrrerr  44444.222.24  Theheheheh  aaaavevveveveverarararaaagegegege of errrrrrorororororr rr did stance usingngnngg ppp p phhhahah seeseee i ii iinfnfnfnfnfnfoororororrmmmmam tiitiionooo        
Figurrrre 4.25  TTTTThee a veraaagegegeee o oooof ff fff erererrororoororrrr distance usingngngng pp p ppooowwowerererererer llllleeeve el innnfn orrrrmam tion      
Figurre 4.26  TTTThheheh  averaaaagegegege of ff ererererrororororr r rr dididididid ststtststanananannancecececece uuuuu sisis ngnnngn  ssssumumu maatititiitionoooo  
 informamamam ttit on offff f phase + (level ((((x10)0))          
Figure 44 4.27  The maximummmmm errooooro  disttaance uusing g php aseee e information     
Figure 4.28  The maximum error distaaaancnncncceee uusing power level       
Figure 4.29  The maximum error distance of phase + (level x 10)  

i f ti i 3 ti



�
�

�

viii

Image Contents (Continue) 

Figure 4.30  The correct estimation ratio using phase information       30 
Figure 4.31  The correct estimation ratio using phase information      30 
Figure 4.32  The correct estimation ratio using phase + (level(x10))      31 
Figure 4.33 The average of error distance using phase information      31 
Figure 4.34 The average error distance�using power level        31 
Figure 4.35  The average error distance using phase + (level(x10))     31 
Figure 4.36  The maximum error distance using phase information      32 
Figure 4.37  The maximum error distance using power level information    32 
Figure 4.38  The maximum error distance using phase+(power level(x 10))             33 
Figure 4.39  The correct estimation ratio of square equation       33 
Figure 4.40  The average of error distance of square equation      33  
Figure 4.41  The maximum error distance of square equation       34 
Figure 4.42  The correct estimation ratio of absolute equation       34 
Figure 4.43  The average error distance of absolute equation      35 
Figure 4.44  The maximum error distance of absolute equation        35 
Figure 4.45  The correct estimation ratio of square root equation       35 
Figure 4.46  The average of error distance of square root equation      35 
Figure 4.47  The maximum error distance of square root        36 
Figure 6.1    Digital scope on a 2D communication sheet to  
 view media contents at indicated location in an atlas      39  

The input electrodes are clipped on the top  
Measurement step is 2.5cm. 
Figure a-1  The experiment set up            42 
Figure a-2    The measurement condition and measurement step is 2.5 cm interval   42 
Figure a-3    The correction estimation ratio of phase, power level and  
 summation of  phase and power level(x10) information with  
 equations 3.1, 3.2 and 3.3           43 
Figure a-4    The average error distance of phase, power level and  
 summation of phase and power level(x10) information with  
 equations 3.1, 3.2 and 3.3          43 
Figure a-5    The maximum error distance of phase, power level and  
 summation of phase and power level(x10) information with  
 equations 3.1, 3.2 and 3.3           44 
Figure a-6    The correct estimation of phase, power level and summation of  
 phase and power level(x10) information in the three ranges of  
 the input electrode           44 
Figure a-7    The average error distance of phase, power level and  
 summation of phase and power level(x10) information in  
 the three ranges of the input electrode         45 

Image Contents (Continue) 

Figure 4.30  The correct estimation ratiiiiioo o oo using phase information       
Figure 4.31  The correct estimation raattit o uusuu ing phase information      
Figure 4.32  The correct estimation raraaararatio uuusing phase + (level(x10))      
Figure 4.33 The average of error disisisistance uusu ing phase information      
Figure 4.34 The average error distaanaa ce usinnnng ggg power level        
Figure 4.35  The average error disstttance using g g g phase + (level(x10))     
Figure 4.36  The maximum errorrr d d distance usinnnng phase information      
Figure 4.37  The maximum errorrr distance usinnggg g power level information    
Figure 4.38  The maximum errrrooooro  distance using g phpp ase+(power level(x 10))             
Figure 4.39  The correct estimmmmaation ratiiiiio oo of squarrrre eee equation       
Figure 4.40  The average of erererror distttaaanceeeeee of squaaaarerrr  equation      
Figure 4.41  The mmmmaaximimimmum eeeeerror distattt ncnccce of squareee equauauaationonnnn       
Figure 4.42  The cccccorrecttt estimatatatatatiioi n n n nn rarararaatio oo offff aaa absbb oloolololutuuu e e equationnnn       
Figure 4.43  TTTTThe aaavvveragegegegege eerrrrrrrroorororro  ddddiistaaannnce e ofo  aaaabsbsbbbsoloololo utututute e eqeeqee uationnn      
Figure 4.44 4  Theh  maxaxaaximimmmmumumumumu  errorr dddd istance foff aaaabsolutte e eqeqeqeqeqequuuauu tit on        
Figure 4.45  Theeehe c ccc ccooororo rereect estimattiiioion ratio of squuuuuara e root equqquququatatatttion       
Figure 4444.4.4.446 TTTT TTheheheheh  aaveerararaagggegegg  of errororoor distance of sqqquauuu re rooooot t t tt eqeqeqeqequaaaatitttt on      
Figureerere 4.47  TTTThehehehh  mmmmmaximimimimi um errrrror distance of squaraaaa e roott        
Figure 66 66.1..    DDDiDD gigigigigig tal ssscs ope onnn a aa 2 222DDDD D ccococoommmmunnunnunicicicicicicataatatata ioiooioion nnnn sheet ttotototto  
 vieieeiew mmememeedia contents at indicated location in anannann atlasasasass        

Thhhhe ee input tt elelelellectttrtt odeeeses are clipppeddededd on the top  
Measururement steppppp iis 2.5cm.m... 
Figugg reee a a a-1111   TThT ee e experimmmemm nt set up             
Fiiigugg re a-2    ThThThThT e measuururu ement condition and measuremeenee t stepp iii is 2.5 cm intervvvav l   
Figuguggug re a-3    ThTThThT e correececece tttitiononononon e e stttimimimimmatatatata ioiooon nnnn raaaaatittt o ofofofofof p ppphahahhaasesss , ppopowweww r levellll l and ddd d  
 summatiiiiion oof  pppphaaase aaandndnd p ppppowowo eeeer leeevvel((xx1000) infnfnfnfforo mationn w wwwwititititith  
 equatioooonsn  3.1, 333.2 and 3.3 333           
Figurrrerr  a-4    ThTTT e avavvva erage errrror distancecccee of f pphphphphasse, ppoowwer leveelelelel and 
 sssssumu mamamamation of ppphp asasse and ppppopower llelelelevvvel(((xxx10)0)))) inforrrmamamammm titititiiononononon www witittitthhhhh  
 eequququuuquatatatioi nsnsss 3 .1, 33.22 and 3.33 33          
Figuuuureeerer  a -5    Thhhhhee e ee mamamammam xixx mumuuum mmm error distance of phase, ppppowowowowoower llllevevevvee eelellee  and 
 sumumumumummamamamaam tititittiononoonoon o f phhhhasasasasaseeee ana d power leeeveveveel(l(l((l x10)))0)0)0) i i iiinfnfnfnfnfn orororororormmammam tiititiono  with hhhh  
 eeeqququuaatata ionsss 3 3.1.1.1.1. , , 3.3.3.333 22 2 ananananand d 3.3           
Figurre a-6    ThThThThe correceccece ttt t ese tiiimamamamatititititionononononon ooo off ff ff phphphphphphasasasaa eeee,e  pppppowowowwowereer levelelellel a a a nd ssuuuumuummmmamm tion of  
 phaseee a aaanndn  powwwwwer level(x( 100) infformmation in theeee t t hrhrhrh ee rannnngeggg s of 
 the input electttc rodeee           
Figure a-7    The average error distancececeec oo ooffff php ase, power level and 
 summation of phase and power level(x10) information in  

th th f th i t l t d



�
�

�

ix

Image Contents (Continue) 

Figure a-8    The maximum error distance of phase, power level and  
 summation of phase and power level(x10) information in  
 the three ranges of the input electrode         45 
Figure a-9    The correct estimation ratio, average of error distance and  
 maximum error distance of square equation by using  
 the information of  phase, power level and four weight of  
 power level which k=1, k=2, k=5 and k=10         46 
Figure a-10  The correct estimation ratio, average of error distance and  
 maximum error distance of absolute equation by using  
 the information of  phase, power level and four weight of  
 power level which k=1, k=2, k=5 and k=10       46  
Figure a-11 The correct estimation ratio, average of error distance and 
  maximum error distance of square root equation by using  
  the information of  phase, power level and four weight of  
    power level which k=1, k=2, k=5 and k=10         47 
The input electrodes are clipped on the top and right and measurement step is 
2.5cm. 
Figure a-12  The experiment set up           47 
Figure a-13  The measurement condition and measurement step is 2.5 cm interval    48 
Figure a-14  The correction estimation ratio of phase, power level and  
 summation of phase and power level(x10) information with  
 equations 3.1, 3.2 and 3.3            48 
Figure a-15  The average error distance of phase, power level and  
 summation of phase and power level(x10) information with  
 equations 3.1, 3.2 and 3.3           49 
Figure a-16  The maximum error distance of phase, power level and  
 summation of phase and power level(x10) information with  
 equations 3.1, 3.2 and 3.3          49 
Figure a-17  The correct estimation of phase, power level and summation of    
                    phase and power level(x10) information in the three ranges of  
 the input electrode           50 
Figure a-18  The average error distance of phase, power level and  
 summation of phase and power level(x10) information in  
 the three ranges of the input electrode        50 
Figure a-19  The maximum error distance of phase, power level and  
 summation of phase and power level(x10) information in  
 the three ranges of the input electrode        51 

Image Contents (Continue) 

Figure a-8    The maximum error distannnncccecc  of phase, power level and 
 summation of phase and ppopp wwwwer level(x10) information in  
 the three ranges of the innnpnpnn ut eeelectrode         
Figure a-9    The correct estimation rrratio, avavaverage of error distance and  
 maximum error distancncncnce of squuuara e equation by using  
 the information of  phhhah se, powerrr r level and four weight of 
 power level which kkkk===1= , k=2, k=555  and k=10         
Figure a-10  The correct estimatttiioi n ratio, averaaaagegg  of error distance and  
 maximum error disississtance of absolutttee ee equation by using  
 the information oooofff  phase, popopoower levveveveel and four weight of 
 power level whiccch k=1, kkk=2, kk  =5 andddd k=10       
Figure a-11 The cocoocorrecccct estitiiimmam tion r tattiioiooo,, ,,, average ooof errrroooro  ddddisisisisstattt nce and 
  maxiimmummm m error diiiststststs annnnncecececc  o f f sqsquauauuarerr  rrrrroooooo t equationnnn by using  
  thtthththe innnfffformatattaatioon nn n ooofofo   ppphasaassee, ppowwwwereererer lleveveveveeelel aaaaa nndn  four r weww iggggghtthththt o oof  
    power lelelleveveeeell lll wwhwww ich k===k 1, k=2, k=5 5555 and k=k==1010101100         
The input elleeceectrododdddesesesesese  aa a rrre clipped ooon the top annnnnd ddd right annd ddd d memmmm asurreememement step is 
2.5cm.. 
Figureerere a-12  TTTThehehehh  eeeeexxxpererrre iment seeeet up            
Figure aaaa-13  TTTTTheheeee meaaaasuremennntnt ccccononononndiddidididititititionon aandndndndndnd mmmm m meaeaeaae sssuremenennnnnt t stepepepp iiissss s 222.22 5 cmmm ii innterval    
Figure aaa---1--14 4 44   Thhheheh  corrrrrrer ction estimation ratio of phhase, poweeeree  levvvveleeee  aaaandndndnddn   
 suuumu mamaaatit on of phase and poppopp weww r level(x10) inforrorrrmatiiiioonooo  wwwwwitiiii h  
 eeeequatttiiioi ns 3.1, 3.2 2 2 aanana ddd 3.3              
Figure aa-15  TTTThe aaaaaverage eeeerrrrrrr or distance of phase, poooowewww r level anaaa d  
 ssssummmmation ooooof phase and power level(x10)0)0)0))) i  nformaaaaaatit onnnn wwitititi hhh hh  
 eeeeeququququations 3333.1, 3.2 and 3.3           
Fiiguguggug re a-16 6  TT T TThhhe maximiimmmimmimi umummmum e e rrrrorororr dddd disiisisi tatatatatancee eee off ppppphahhahahaseseee,, poooooweeer rrr level ananananand  
 summatiiiiion of ppphp aasse and popopopopoweeeer r leeevvvel(xxx1000) infffforooo mation wwwwitittitithhhh h  
 equatioooonsn  3.1, 333.2 and 3.3 333          
Figurrrerr  a-17  TT T The ccoooro rect estiimaaation offff pphaseseee, pooweerr leevel annd ddddd summmmmmmm atataataation of   
                    phppppp ase anaa d poweeeer leleevel(x11100)0)) infororororrmmmatiooon iin the thththhhhreeee ee ee rararararangngnngeseseseses oo offf  
 tthehehee i iinpnnpututt e electrodde           
Figuuuureeerer  a -1888 8  Thehehehhee a a aa avevevevev rar gegeee e e e rror distance of phase, powewewewewewerrr r levevevevevel ll l anaannaa d  
 sumumumumummamamamaam tititittiononoonoon o f phhhhasasasasaseeee ana d popp wer leeeveveveel(l(l((l x10)))0)0)0) i i iiinfnfnfnfnfn orororororormmammam tiititiono  in  
 ttthhhehh  tttthhree rrrananannngegegegegesssss s ofofoff t tt thehhh  input electrorororodedededed         
Figurre a-19  TTTThheheh  maximimmimi umuu  eerrrrrrrrorororrrr d ddd disisisisi tataaatatancnncncnn e eee ofofofofof p pphahahahahah sssesee, poweweweewer rrrr level lll anand ddd  
 summamamamatitition of ffff phase and power leevev l(x1000) inffoororo mmamam tion iiiin  
 the three rangegegegeges offff ttthe innnput ellectrooode        



�
�

�

x

Image Contents (Continue) 

Figure a-20  The correct estimation ratio, average of error distance and  
 maximum error distance of square equation by using  
 the information of  phase, power level and four weight of  
 power level which k=1, k=2, k=5 and k=10               51 
Figure a-21  The correct estimation ratio, average of error distance and  
 maximum error distance of absolute equation by using  
 the information of  phase, power level and four weight of  
 power level which k=1, k=2, k=5 and k=10       52 
Figure a-22  The correct estimation ratio, average of error distance and  
 maximum error distance of square root equation by using  
 the information of  phase, power level and four weight of  
 power level which k=1, k=2, k=5 and k=10              52 

The input electrodes are clipped on the top and right and measurement step is 5cm. 
Figure a-23  The measurement condition and measurement step is 5 cm interval     53 
Figure a-24  The correction estimation ratio of phase, power level and  
 summation of phase and power level(x10) information with  
 equations 3.1, 3.2 and 3.3               53 
Figure a-25  The average error distance of phase, power level and  
 summation of phase and power level(x10) information with  
 equations 3.1, 3.2 and 3.3            54 
Figure a-26  The maximum error distance of phase, power level and  
 summation of phase and power level(x10) information with  
 equations 3.1, 3.2 and 3.3           54 
Figure a-27  The correct estimation of phase, power level and  
 summation of phase and power level(x10) information in  
 the three ranges of the input electrode         55 
Figure a-28  The average error distance of phase, power level and  
 summation of phase and power level(x10) information in  
 the three ranges of the input electrode          55 
Figure a-29  The maximum error distance of phase, power level and  
 summation of phase and power level(x10) information in  
 the three ranges of the input electrode         56 
Figure a-30  The correct estimation ratio, average of error distance and  
 maximum error distance of square equation by using  
 the information of  phase, power level and four weight of  
 power level which k=1, k=2, k=5 and k=10        56 
Figure a-31  The correct estimation ratio, average of error distance and  
 maximum error distance of absolute equation by using  
 the information of  phase, power level and four weight of  
 power level which k=1, k=2, k=5 and k=10        57 

Image Contents (Continue) 

Figure a-20  The correct estimation ratiiiiioo,o,oo, average of error distance and 
 maximum error distance ofo  ssssquare equation by using  
 the information of  phaseseeesese, powwwer level and four weight of 
 power level which k=1, k=2, kkk=5 and k=10               
Figure a-21  The correct estimation n n n ratio, avveverage of error distance and 
 maximum error distaannnce of absoloololute equation by using  
 the information of  pppphhah se, power lel vel and four weight of 
 power level which kkk=1, k=2, k=5 aaaand k=10       
Figure a-22  The correct estimaatatattion ratio, averaggegege of error distance and 
 maximum error ddddiiistance ofooffo  s s square roooooot equation by using  
 the information ooof  phaseee, pooooowewww r leveeeel and four weight of 
 powererrer ll llevvveleee  whihihiihich k=1, kkkk==2,22,2,22, k k=5 and kkkk=10 00 0              

The input elleececectrtrtrt odeseses areee c cc cliipppppppppedeededd on n thththt e e tttot p pppp aaanna dd dd rrrir ghghghhhg tt and mmemem asurururureemememe ent step is 5c
Figure a-23 3  Theh  meaeaeeasusuuurererereremmmem nt connno dition a ddndd mmmmeasurememmememmeneenee t t step is 5 cmmmmm interval     
Figure a-24  Theeehe c c ccccooororo rereection estimmmmam tion ratio of ff ff php ase, powwwwwererer llevel aandndndn   
 sssssumumumummu mam titiionononnonn of phasssseee and power levveevel(x10) iiiiinfnfnfnforoo mammamm tion wwwwitthh hh  
 eeququququatatttioioioi nsssss 3.1, 3.2 2 2 and 3.3               
Figure aaaa-25  TTTTTheheeee averrrar ge errorororo  ddddisisistaatatatat ncnncnce e ffofof pp ppphahahahhah seseseses , ,, popppp wer leeeleeevev l ananananddd ddd  
 sumummummaattitittion of phase and power level(l(x10) infffffoooroo matitititiiononnonno  www w wwiith hh  
 eqqquq atioooions 3.1, 3.2 and 3.3 33            
Figugugugure a-226666 6  T T TTThe mmmmaximum errrrrroororoo dd diiistance off phahahahaasessess , power leeevvevvv l annnnnnd dd  
 ssssummmammm tion of f phphphp ase and power level(x1x1x11110)0) informmmam tionnn with  
 eeeequuuata ions 3.1.1.1.1, 3.2 and 3.3           
Fiiigugg re a-27  TTTTTheheheh  correctctcttc  estimation of phase, power leveeeel and  
 ssuuumu matiooonnoo  oooofffff phhpp asasasseee e anananana d dddd popopop wwwwew r lelelelelevvevevel(l(l(l(x1xxxx 0)0)0)0)0) infnfnffnformatiiiioooono  in nnn n  
 the threeee rangesss s offf the inpnpppputuuuu  eelelllectttroror de         
Figuree aa a aa-288 8 88 8    The aveveveverage errrror distancccceee ofofofofof p phhahahhasse, ppoowwer leveveel and  
 ssssummmamamam tion of ppphaasse and pppppoweer rrr levvvel(xxx100) inforrmmmammm tionnnnn i iiin nnnn  
 tttttheh  thrhrrreeee  rangesss s offf the inpnpnpnpnput electcctctctrroode          
Figuuuurerrr  a-29 9  T T Theheheehee m mmaxximiimi um error distance of phahhh se, poweerrr r lleveeeeellll ana d  
 summmmmmamamamammatititt onn oooof ff phpp ase and power level(x10)0)0)0)0)0) i iinfnfffororororormamammamatit on in  
 thehehehehe t hrhrhrrhreeeeeeee rr rranananngegg s ofofofofof tt tt hehhhe inppput electttrororodededeed          
Figurrrre a-30  TTTTThee c orreeeccct eeeeestststststimimiimii atatattatioiioon ratio, averaaaagegeegege oo o of ff ererererererrorororororr distaaana ceeee and 
 mmmmaaaxa imummmmm e ee errr orr dd ddisisisi tatatatataancncncncncn e ee oofofffo  s s ssququququuq araare eeee eeqeqqequuuationnnn bb bb by y usinnnnng g  
 the infnfnffoororo matiooonono  of  pppphase, power lelevel annnd fourururur wwwweeight ofooo  
 power level wwwwwhichhh kkk=1, k=k 2, kk=5 aaandnn  k===10        
Figure a-31  The correct estimation raaaatiititiooo,o aa average of error distance and 
 maximum error distance of absolute equation by using  

th i f ti f h l l d f i ht f



�
�

�

xi

Image Contents (Continue) 

Figure a-32  The correct estimation ratio, average of error distance and  
 maximum error distance of square root equation by using  
 the information of  phase, power level and four weight of  
 power level which k=1, k=2, k=5 and k=10        57 

The input electrodes are clipped on the top and bottom and measurement step is 
2.5cm. 
Figure a-33  The experiment set up           58 
Figure a-34  The measurement condition and measurement step is 2.5 cm interval    58 
Figure a-35  The correction estimation ratio of phase, power level and  
 summation of phase and power level(x10) information with  
 equations 3.1, 3.2 and 3.3           59 
Figure a-36  The average error distance of phase, power level and  
 summation of phase and power level(x10) information with  
 equations 3.1, 3.2 and 3.3            59 
Figure a-37  The maximum error distance of phase, power level and  
 summation of phase and power level(x10) information with  
 equations 3.1, 3.2 and 3.3           60 
Figure a-38  The correct estimation of phase, power level and  
 summation of phase and power level(x10) information in  
 the three ranges of the input electrode        60 
Figure a-39  The average error distance of phase, power level and  
 summation of phase and power level(x10) information in  
 the three ranges of the input electrode        61 
Figure a-40  The maximum error distance of phase, power level and  
 summation of phase and power level(x10) information in  
 the three ranges of the input electrode         61 
Figure a-41  The correct estimation ratio, average of error distance and  
 maximum error distance of square equation by using  
 the information of  phase, power level and four weight of  
 power level which k=1, k=2, k=5 and k=10                            62 
Figure a-42  The correct estimation ratio, average of error distance and  
 maximum error distance of absolute equation by using  
 the information of  phase, power level and four weight of  
 power level which k=1, k=2, k=5 and k=10       62 
Figure a-43  The correct estimation ratio, average of error distance and  
 maximum error distance of square root equation by using  
 the information of  phase, power level and four weight of  
 power level which k=1, k=2, k=5 and k=10        63 

Image Contents (Continue) 

Figure a-32  The correct estimation ratiiiiioo,o,oo, average of error distance and 
 maximum error distance ofo  ssssquare root equation by using 
 the information of  phaseseeesese, powwwer level and four weight of 
 power level which k=1, k=2, kkk=5 and k=10        

The input electrodes are clipped oonnn the top aaana d bottom and measurement step is 
2.5cm. 
Figure a-33  The experiment set up           
Figure a-34  The measurement cccondition and meeeae surement step is 2.5 cm interval    
Figure a-35  The correction esssstttimation rrrataaatio of phhhhhase, power level and  
 summation of phhhase and pppowwwewwwer level((((x10) information with  
 equatatta ioioioions 33 33.1, 333.33 2 and 3.3333           
Figure a-36  The aaaaaverage error dddddistatatatatancncnncce ooofo  pppphahhh seeeee,, , poppop wew r leveeeell l and  
 sssssumuuu mmmationnnn o oo f f phphphphphasaasa eeee annndddd pooweerrrr lllleel vvevevevell(ll(l x1x1x111x 000)00) inforrrmammm tiionononon w wwwith  
 equatioooonssnn  33333 111.1. , 3.2 annddd d 3.3            
Figure a-37  Theeehe m m mmmmaxaxaxa iiimi um errorrrrr distance of ppphahhhhhase, poweeerrrr leleleleevvel and d d d  
 sssssumumumummu mam titiionononnonn of phasssseee and power levveevel(x10) iiiiinfnfnfnforoo mammamm tion wwwwitthh hh  
 eeququququatatttioioioi nsssss 3.1, 3.2 2 2 and 3.3           
Figure aaaa-38  TTTTTheheeee corrrrer ct estimmmmatatattioioioi nnnnn n ffofoofof pphhhhhahaseseseese,, popopopoop wwweweew r level ll anaaa d d  
 sumummummaattitittion of phase and power level(l(x10) infffffoooroo matitititiiononnonno  i ii iin nnnn  
 thhheh  thrrreeee  ranges of the inppnppputut e electrode        
Figugugugure a-339999 9  T T TTThe aaaavverage errorrr d d ddiiiistance of phahh seseeee, , poppp wer leveeel llll and ddd   
 ssssummmammm tion of f phphphp ase and power level(x1x1x11110)0) informmmam tionnn in  
 tttthe tttthree rannnnnggeg s of the input electrode        
Fiiiiigugg re a-40  TTTTTheheheh  maximmmmum error distance of phase, powweweer level lll annnnnd  
 ssuuumu matiooonnoo  oooofffff phhpp asasasseee e anananana d dddd popopop wwwwew r lelelelelevvevevel(l(l(l(x1xxxx 0)0)0)0)0) infnfnffnformatiiiioooono  in nnn n  
 the threeee rangesss s offf the inpnpppputuuuu  eelelllectttroror de         
Figuree aa a aa-411 1 11 1    The corrrrrect estiimaaation raaaatiio, a a a aveeeerraararagge ooof error diddididistance aaaaandndnddndnd 
 mmmmaximmmmmum errorrr diisstance ooof squuuuuaree equuuatioon by uuusuu ing gg  
 tttttheh  infnfnfforoo mationnnn o ff f  ppphaseeee, poppp wer rrrr leleevell and four ww wweiieiighghghghghg tt t oofof  
 pppowowowwwwereer levevvvel whihi hch kkk k=1, kk=2222, k=5 andddd k k 11=10000                            
Figuuuureeerer  a -4222 2  Thehehehhee c c cc cororororo rer ctct eee estss imation ratio, average of erererrerrrrroror dididididiststststs anaannaa ce andd  
 mmmmmaxaxaxaxa imimimmmmumumumumumm e e eerror ddddddisisisisistatatatancn e of absollututuuteee e eeeqe uauaatittitititionononononon bb bbbbyyy y usssiniini g  
 ttthhhehh  iiiinnformamm titititit ononononnon o o o fff f  p p p pphah se, power leeleleveevevevell ll annnnnnddd d dd fofofoffour wwwweeiee ghhhhht of  
 ppppowowowower levvvvelelelel w hihihichchchch k kkkkk=1=1=1=1=1= ,,, k=k=k=k=k=k=2,2,2,22 k k kkkk=5=5===  aaaandndndnndnd kk k=10 000       
Figurree a-43  The cccorororo rrect esststststimation ratit o, averarageg  of eeerror ddidid stststs aaance aaaandnnn  
 maximum errrrrrooro  disssssttat ncee of squuare rror ot eqqquq ation by using  
 the information of f  phaseeee, popopop wwwer level and four weight of 
 power level which k=1, k=2, k=5 and k=10        



�
�

�

xii

Image Contents (Continue) 

The input electrodes are clipped on the top and bottom and measurement step is 
5cm. 
Figure a-44 The measurement condition and measurement step is 5 cm interval    63 
Figure a-45  The correction estimation ratio of phase, power level and  
 summation of phase and power level(x10) information with  
 equations 3.1, 3.2 and 3.3           64 
Figure a-46  The average error distance of phase, power level and  
 summation of phase and power level(x10) information with  
 equations 3.1, 3.2 and 3.3           64 
Figure a-47  The maximum error distance of phase, power level and  
 summation of phase and power level(x10) information with  
 equations 3.1, 3.2 and 3.3           65 
Figure a-48  The correct estimation of phase, power level and  
 summation of phase and power level(x10) information in  
 the three ranges of the input electrode         65  
Figure a-49  The average error distance of phase, power level and  
 summation of phase and power level(x10) information in  
 the three ranges of the input electrode        66 
Figure a-50  The maximum error distance of phase, power level and  
 summation of phase and power level(x10) information in  
 the three ranges of the input electrode         66 
Figure a-51  The correct estimation ratio, average of error distance and  
 maximum error distance of square equation by using  
 the information of  phase, power level and four weight of  
 power level which k=1, k=2, k=5 and k=10        67 
Figure a-52  The correct estimation ratio, average of error distance and  
 maximum error distance of absolute equation by using  
 the information of  phase, power level and four weight of  
 power level which k=1, k=2, k=5 and k=10        67 
Figure a-53  The correct estimation ratio, average of error distance and 
 maximum error distance of square root equation by using  
 the information of  phase, power level and four weight of  
 power level which k=1, k=2, k=5 and k=10       68 

The input electrodes are clipped at the 4sides and measurement step is 2.5cm. 
Figure a-54  The experiment set up           68 
Figure a-55  The measurement condition and measurement step is 2.5 cm interval   69 
Figure a-56  The correction estimation ratio of phase, power level and  
 summation of phase and power level(x10) information with  
 equations 3.1, 3.2 and 3.3           69 

Image Contents (Continue) 

The input electrodes are clipped on theeee totttt p and bottom and measurement step is 
5cm. 
Figure a-44 The measurement conditittitittioi n aaand measurement step is 5 cm interval    
Figure a-45  The correction estimatiiiiooon ratiooo of phase, power level and  
 summation of phase annannd powerr r level(x10) information with  
 equations 3.1, 3.2 anddd d 3.3           
Figure a-46  The average error disisisistance of phaaaase, power level and  
 summation of phasee e and power levvvev l(x10) information with  
 equations 3.1, 3.2 aaand 3.3           
Figure a-47  The maximum errrrrrr or distancnncncn e e of phaassesss , power level and  
 summation of phhhase and pppowwwewwwer level((((x10) information with  
 equatatta ioioioions 33 33.1, 333.33 2 and 3.3333           
Figure a-48  The ccccorrecttt estimatatatatatiioi n n n nn ofofooff pphhhhah seseee, , pooop wewweww r level annndd dd  
 sssssumuuu mmmationnnn o oo f f phphphphphasaasa eeee annndddd pooweerrrr lllleel vvevevevell(ll(l x1x1x111x 000)00) inforrrmammm tiionononon i i in n  
 the threeeeeee rrrananananangggegeg s of theheheh  input electctctctrode         
Figure a-49  Theeehe a a aaaavvvevev rarage error ddddiiisisi tance of phaaassesse, power leeleeveveveeel l and  
 sssssumumumummu mam titiionononnonn of phasssseee and power levveevel(x10) iiiiinfnfnfnforoo mammamm tion iiin nnn  
 ttthehehee tthrhrhrhh ee rrranges ofofoffo  the input electrodeddddd         
Figure aaaa-50  TTTTTheheeee maxxxxiimum eerrrrrorororor ddd ddisisisisisi ttttatancnce e ofofofoffof ppp ppphahahahah sesesesee, poweerrrrr r leveveel l l annannnddd d  
 sumummummaattitittion of phase and power level(l(x10) infffffoooroo matitititiiononnonno  i ii iin nnnn  
 thhheh  thrrreeee  ranges of the inppnppputut e electrode         
Figugugugure a-551111 1  T T TTThe ccccoorrect estimmatattata iioion ratio, averaaggegegegee o f error diisststsstanceeeeee aaa ndndndndnd 
 mmmmaxiimimimi um errorororo d distance of square equaaaaatit on by ussssing  
 tttthe iiiinformaatitititit on of  phase, power level and d dddd four weeieeee ghhhhtt offfff    
 pppppowowwower levveelele  which k=1, k=2, k=5 and k=10 00         
Fiiguguggug re a-52   TT T TThhhe correeeeecttttc  e eeeestststststimiii atatatatioioioioionnn n n rararararatio,oo  a  verrararr gggege ooo oof ererrrrrorr r r distancecececece andnnndnd  
 maximuumum errorrrr diisstance ofofofofof absbbsbsbsolutuutu e eqquaation  b bby using  
 the infoooro mationn  off f  phaseeee, poooooweweewewer rr r lellelel vell and fourrrr weight tt ofofofffof  
 ppppowerrrerr level whhiichhh k=1, k=kkk==2, kkkkk=5=5=  aaand kk=10        
Figureee aaaa a 555-53 33 3  TTTTThe corororo rect estiimi aaation raaaatiiio, aveeeerararrr gge ooof error diiissstsss annnncecececece a aa andndndndd 
 mmmaxaxxaxaxximimummmm error d diistance ffof square root equattttioioion bybybybyby  u singgggg  
 theheee i i iinfnnfnfnffororoo maatitititionoo  of  phase, power level annnnddd ddd ffof urruruur w wwweeieie ght of 
 powowowowowerererrr l lllevevevevevvelelelel whiichchchchh k k kk =1, ,, k=2, k=55 a aandndnddn kk k=11=1=110000 00       

The iiinput eleccccttttrooodo es arereerer  c c clippppppedededde  aa aaaattt tt thththththeee e e 4s4s4s4ssiddidddi eeeese  aaaaanndndndndnd measususuusurerr meennntnnn  sssstettt p is 2.55ccccmcc .
Figurree a-54  The eeexpxpxpx erimennnnnt set uppp           
Figure a-55  The measuremmmmem nt cccccondittit on annd meeeasureeme ent step is 2.5 cm interval   
Figure a-56  The correction estit mationnnn rr rratataatiiioio of phhhase, power level and  
 summation of phase and power level(x10) information with  

ti 3 1 3 2 d 3 3



�
�

�

xiii

Image Contents (Continue) 

Figure a-57  The average error distance of phase, power level and  
 summation of phase and power level(x10) information with  
 equations 3.1, 3.2 and 3.3           70 
Figure a-58  The maximum error distance of phase, power level and  
 summation of phase and power level(x10) information with  
 equations 3.1, 3.2 and 3.3          70 
Figure a-59  The correct estimation of phase, power level and  
 summation of phase and power level(x10) information in  
 the three ranges of the input electrode         71 
Figure a-60  The average error distance of phase, power level and  
 summation of phase and power level(x10) information in  
 the three ranges of the input electrode         71 
Figure a-61  The maximum error distance of phase, power level and  
 summation of phase and power level(x10) information in  
 the three ranges of the input electrode           72 
Figure a-62  The correct estimation ratio, average of error distance and  
 maximum error distance of square equation by using  
 the information of  phase, power level and four weight of  
 power level which k=1, k=2, k=5 and k=10       72 
Figure a-63  The correct estimation ratio, average of error distance and  
 maximum error distance of absolute equation by using  
 the information of  phase, power level and four weight of  
 power level which k=1, k=2, k=5 and k=10           73 
Figure a-64  The correct estimation ratio, average of error distance and  
 maximum error distance of square root equation by using  
 the information of  phase, power level and four weight of  
 power level which k=1, k=2, k=5 and k=10                 73 

The input electrodes are clipped at the 4sides and measurement step is 5cm. 
Figure a-65  The measurement condition and measurement step is 5 cm interval    74 
Figure a-66  The correction estimation ratio of phase, power level and  
 summation of phase and power level(x10) information with  
 equations 3.1, 3.2 and 3.3           74 
Figure a-67  The average error distance of phase, power level and  
 summation of phase and power level(x10) information with  
 equations 3.1, 3.2 and 3.3          75 
Figure a-68  The maximum error distance of phase, power level and  
 summation of phase and power level(x10) information with  
 equations 3.1, 3.2 and 3.3          75 

Image Contents (Continue) 

Figure a-57  The average error distanceeee ofoooo  phase, power level and  
 summation of phase and ppopp wwwwer level(x10) information with  
 equations 3.1, 3.2 and 3....333 333           
Figure a-58  The maximum error disssstance oofo  phase, power level and  
 summation of phase annannd powerr r level(x10) information with  
 equations 3.1, 3.2 anddd d 3.3          7
Figure a-59  The correct estimatioooon of phase, pppopp wer level and  
 summation of phasee e and power levvvev l(x10) information in  
 the three ranges offfff the input electroooded          
Figure a-60  The average errorrrr distanceee e e ofooo  phase,  power level and  
 summation of phhhase and pppowwwewwwer level((((x10) information in  
 the ttthrhrrhreee rrranaaa geess s ss of the inp ttutututt electrode         
Figure a-61  The mmmmmaximum errrroroooro  dddddisisiisistatataancncce e ofofofof p p pphahaaaasesesese, poppp wer leeeevvvel and  
 sssssumuuu mmmationnnn o oo f f phphphphphasaasa eeee annndddd pooweerrrr lllleel vvevevevell(ll(l x1x1x111x 000)00) inforrrmammm tiionononon i i in n  
 the threeeeeee rrrananananangggegeg s of theheheh  input electctctctrode           
Figure a-62  Theeehe c c ccccooororo rereect estimattiiioion ratio, averaaaaageg  of error rrrr dididid ssssts ance aaaannndn  
 mmmmmmaxaxaxaaximiimumummumm ee  rror disssstttat nce of square eqee uationnnnn b b bbby yyyy usssssinii g  
 ttthehehee infnfnfnn ormmmamm tion off f ff  phase, power levvevvv l and fofofofofourr ww wweieieiighghghghghght ttt t ofoo  
 ppppowwwwwer leeeve el whiiccchhchch kkk k=11=1=1=11, kkkk=k=22222,2 kkk kk=5=5=5=5=55 aa aaaandnddnddn  k=10       
Figure aaa---6--63 3 3   Thhheheh  corrrrrrer ct estimation ratio, average of error ddiddd stannnncecececeec  aaa aandndndndn  
 mmmmaximmmmumu  error distance ofoof a aabsolute equation bbbbby yyyy usininnining g  
 ttttthheh  infnfnfnformation oof f ff p phhhase, power lelelelevevevevevvel and four wwwwweighhhhhht t ofofofoff  
 ppppoweereree  level wwwwhihihih ch k=1, k=2, k=5 and kkkkk=1=== 0           
Figugg reee a a a-66664 444  TTTTheee correctt e eeeestimation ratio, average of errrrrrrror r distaananaa ceeee anddddndd  
 mmmmmaaxaxa imumm eerror distance of square root equataaa ion byyyyy uu u sssiss ng  
 tthhheheh  informmmaaaamm tititionononoon o f f ff ppp pphahahahahasesesesese, popopooower lelelelelevel llll anddddd fofooour weiighghghghght ofooff  
 power leeevelllll whhiihichhh k=11111, k=k=k=k==2,22  kkkkk=5 a aand kk=1110                 

The iiniii put elelelelelecececeecctrttt odesessse  are clippppedd at thheeeee 4sidddddese  aaand meeasuremmmemmm nt sssssteteteteeepppp p is 5cmmmmm. 
Figureee aaaa a 666-65 55 5  TTTTThe mmmmeaee suremeeeent condittitiiooon andddd mm measuurement stststttteppppp i i iiss s s 5 5 5 5 cmcmcmmm iii intntntererererval    
Figuuuurerrr  a-66 6  T T Theheheehee c ccorrereeectc ion es itimation ratio of ff hhphase, powwwweer levevevvveelle  anddddd  
 summmmmmamamamammatititt onn oooof ff phpp ase and power level(x10)0)0)0)0)0) i iinfnfffororororormamammamatit on witttth hhh  
 equququququatttioioioioioi nsnsnsnsnss 3 3 3 .1, , 3.22 222 anananana d d 3.3           
Figurrrre a-67  TTTTThee a veraaagegegeee e eeeerrrrrrrrrrrororor d d dddisiistance of pphasessese, , , popopopowewewewewewer rrrr llell vel aaana d dddd  
 ssssummmmmationonnono  o o f phphphhasasaase eeeee ananannana ddd dd popoppoopowewewewewwerr rrr leeevvevevevev l(l(l(ll xxx10)) iiiinfnfnfnfnformaatitititiionnnnn w ith  
 equatattioioioionnns 3.1, , 3.2 and 3.3 3          
Figure a-68  The maximummmmm errooooro  disttaance oof phaahase, popopoop wer level and  
 summation of phase and popopoowewewer levelll(x10) information with  
 equations 3.1, 3.2 and 3.3          



�
�

�

xiv

Image Contents (Continue) 

Figure a-69  The correct estimation of phase, power level and  
 summation of phase and power level(x10) information in  
 the three ranges of the input electrode         76 
Figure a-70  The average error distance of phase, power level and  
 summation of phase and power level(x10) information in  
 the three ranges of the input electrode              76 
Figure a-71  The maximum error distance of phase, power level and  
 summation of phase and power level(x10) information in  
 the three ranges of the input electrode            77   
Figure a-72  The correct estimation ratio, average of error distance and  
 maximum error distance of square equation by using  
 the information of  phase, power level and four weight of  
 power level which k=1, k=2, k=5 and k=10                    77 
Figure a-73  The correct estimation ratio, average of error distance and  
 maximum error distance of absolute equation by using  
 the information of  phase, power level and four weight of  
 power level which k=1, k=2, k=5 and k=10        78  
 Figure a-74  The correct estimation ratio, average of error distance and  
 maximum error distance of square root equation by using  
 the information of  phase, power level and four weight of  
 power level which k=1, k=2, k=5 and k=10           78 
Figure a-75  The tape that use to attach the input electrode on 2DC sheet     88 
Figure a-76  The epilator that use in the experiment        88 
Figure a-77  The coaxial cable             89 
Figure a-78  The ruler that use to measure the each point of experiment     89 
Figure a-79  The ruler that use to measure the each point of experiment     90 
Figure c-80  NICT building            106 
Figure c-81  The name of researcher who come or not come      106 
Figure c-82  My name that working today          107 
Figure c-83  The part of my laboratory researcher team       107 
Figure c-84  My NICT ID card           108 
Figure c-85  The measuring method           108 
Figure c-86  The presentation with my laboratory researcher team     109 
Figure c-87  The presentation with my laboratory researcher team     109 
Figure c-88  The international researchers supporter       110 
                
              
                   

�

Image Contents (Continue) 

Figure a-69  The correct estimation of pppphhahhh se, power level and  
 summation of phase and ppopp wwwwer level(x10) information in  
 the three ranges of the innnpnpnn ut eeelectrode         
Figure a-70  The average error distaaaannnce of pppphase, power level and  
 summation of phase annannd powerr r level(x10) information in  
 the three ranges of thehee input eleccctc rode              
Figure a-71  The maximum errorrr d d distance of ppppphah se, power level and  
 summation of phasee e and power levvvev l(x10) information in  
 the three ranges offfff the input electroooded             
Figure a-72  The correct estimmmmaation ratiiiiio,o,o,,, averageeeee of error distance and 
 maximum error dddistance e oof sssquqqq are eqqqquauuu tion by using  
 the infnffnfoormmamm tionnnn of  phase, popopopop wer level l ll and ffofof urrr w wwweight of 
 powererererr levelll whichhhhh k kk k =1=11=11, ,, k=k=kk 2222,2  kkkk=5==5=5 aaandnndndnd kk=1=111100                    
Figure a-73  TTTTThe cccooorrectctctt e ee ststttimimimmmmatttta iiion n rraratiio,o  aavevveveeraaaagegegegee oof f f ff eerror diiiiststsstancececece a aaaandnn  
 maximmummumumu  e eeeerrrrrrrrr oor distaaaanncn e of abs lololollute equauaaaaatititititit onoonoo  bby y using  
 thee i iiinfnfnfnnfnfororoo mmmation of  ppppphase, power llelelleevel and fofoooourururu w weight t ooofo   
 ppppppowowowowowo erer levevevveleeelee  whichhh k kkk=1, k=2, k=5 aaaandnn  k=100 000        
 Figurrrre a-74  ThThThhhT ee cocococc rreeecee t estimaaaation ratio, averagee eee of erroorooror ddddisisisstaaat ncncncncnce ee eee anaanaand  
 mmmmaxaxxxxiimi umumumum error ddddddisissstatatat ncncncncncn eee e fffofof ssquuquuquararararararee eee rororoor otoo  equatatttttioiii n bybybyy uu uuusiisisis ng  
 theheehe infooorormation of  phase, power level and fouururuur weieieiighghhghghghtt tt ofofofofo  
 pppooowo err ll evel which k=1, , k=kk 2,2,,, k=5 and k=10           
Figugugugure a-775555 5  T T TTThe tttaaaape that use ttttooo o attach the inpututututt e e e eelectrode onnn n n 2DCCC C CC shshshshheeet     
Figure aa-76  TTTThe eeeeepilator ththhhaatat use in the experimentt        
Figugg reee a a a-77777 777  TTTTheee coaxial  cccable              
Fiiigugg re a-78  TTTTTheheheh  ruler ttttthhhah t use to measure the each poinnnt ttt of exppeeereee imimmimment     
Figuguggug re a-79 9  TT T TThhhe rulerrrr  thahahahattttt usuuu e ttototoo m m m mmeaeaeaaasurerererere theh  ee  aaacachh hhh poiiininint oofoo  experrrriimiii eneennt     
Figure cccc-8888880 00000   NICT buuuildididididing            1
Figuree cc c cc-811 1 11 1    The namamamame of reesseaarcher whwwww o oooo cocomememmeme or nnnot comeeee      1
Figurrrerr  c-82  MM M My naaaaname that wwworrkrking tooooddday          1
Figureee cccc c 888-83 33 3  TTTTThe pararara t of my yyyy labbboratoryyryryry researcrrcrcrchhher tteteamm       1
Figuuuurerrr  c-84 4  M M My y yy y y NINN CTCTTT ID ca drd           1 
Figuuuureeerer  c -8555 5  Thehehehhee m m mm mmeaeaeeasuriririringngngng method           1
Figuuurrrerr  ccccc-88886  Theheheheh  pp pprerrereereseseseseeentntntntation wiwiwiwiw thttth my y laboratotooryryryry r rreseaaaeaaearcrcrcrcrccheheheheheher r rrrr ttet ammamm     1
Figurrrre c-87  TTTTThee p reseeennntatatatatatiooiooioonn nn n wiwiwiiw thttth my laboratooooryryryry rrr reessee eaeaeaeaeaearcrcrcrcrchheh r teeeeamamm     1
Figurre c-88  TTTThheheh  interrrnanananan titt onnalalalal rrr reseseessseaeaeaaeae rcrcrcrcc ehehehehehersrsrsrsr  ssssuuuupu popppop rttrtrtrteeer       1
               
              
                   



�

�

Chapter 1 
Introduction 

1.1 Work Place Name 

1.1.1 Name in English 
National Institute of Information and Communications Technology (NICT)

1.1.2 Name in Japanese  
�������	
��
��

1.2 About NICT 

In April 2004, the Communications Research Laboratory (CRL), an incorporated 
administrative agency, and the Telecommunications Advancement Organization of Japan 
(TAO), a chartered corporation, were merged and newly launched as the National 
Institute of Information and Communications Technology (NICT), an incorporated 
administrative agency. 

NICT was established to carry out research and development in the field of 
information and communications technology, which supports the upcoming ubiquitous 
network society in an integrated manner from basis to application and also provides 
comprehensive assistance to the public and private organizations working in this field. 
NICT newly started the 5 year medium-term plan in April, 2006. In this important turning 
point, NICT integrated the contents of research and development already performed up to 
now into 3 research domains such as "New Generation Network Architecture 
Technology", "Universal Communications Basic Technology" and "ICT for Safety and 
Security" and reviewed and very much improved the research organizations to promote 
these research domains. 

Information and Communication Technology (ICT) is the basic engineering field to 
support all the industrial activities. NICT is making efforts to aim the realization of an 
ideal society where we can freely communicate one another among the people of all over 
the world based on Man to Man, and Machine to Machine. 
The results of research and development in NICT will be utilized for the international 
standardization and the technical transfer to the industry, and they are also in broad 
activities such as the research and development mobilizing the industry and the academia 
in order to put the technology to practical use, the research commission to universities, 
companies, etc., the venture support and the advanced support for infrastructures to 
accelerate the business planning. 

In this way, NICT, as the sole national research organization, will continue to make 
efforts towards realizing a vigorous society and a wealthy life by supporting the national 
policy as for Information and Communications from the technical side in the field of 
information and communications.�
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1.1.1 Name in English
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1.2 About NICT 

In April 2004,4  t he CCCommuuuninnnnicaaaatitiitionnoo sss ReeReReResess arrarrrchchchch LL bbabbaboratorororoo y (CRL), an incorpor
administrativeveveve aaaaagegg nccccyyyy, andndndd t hehehhehe T T TTelellleeecomomommuniniicacacaacatiioonononnss AdAdAdAA vancememmmment t OrOOrOrOrgaggg nization of Ja
(TAO), a cccchah rtered ccccorororo popopopop rrration, wweww re mergeeeed and dd neneneen wwwlww y y y yy launchedddd a s the Natio
Institute of IIIInfn orrmamamamam tittt onoo  and Commmmmunicationss s Technoloogygygygyy (NICTTTT))),))  an incorpor
adminiiststsstrararar tivvevv  aaaaagegegegegencnccy... 

NNNIN CT wwwassss estttaaabliliiished to oo  carry out researrrrrch and devevvvellllopopopopopmemememementnn  in ththtt e field
informatatattion ana ddd dd cocoommmmmmunicatiooonsnsnnsn tttt tececececechhhnhnh llologgyyy, ww wwwhihihhh ccchc  suppooooorts thththhheeee e upupuppcomimimim nnnng ubiquit
network kk sooocicicic eeete y iin ann nnn integrated manner from basis to apppppplppp icatatatatioooon nnn aaaand d dd also prov
commmmpm rehehh nsnsnssiviivi e aaaassisttaaana ce to the public aaandndd p p pprivate organizatioiooions wwwwwororo kiikiikingnnn  in nn thtthththisisiss f ield
NIICCTCCC  newwlylylyy staaaarted tttthe 5 year mememem didididd um-term plllan ii iin nnn April, 2000006.666  In thththisisisisis iii importannntnnt turn
point, NNNNICT innntttet graatataa ed the cononono tents of research and dedededevevv lopmennnnnt already perfrffformed u
now inininintoooo 3  rrreseeeae rch doooodomains such as "New Genenneneneration n NNeNetwworororrk ArAAA chitec
Teeeeechnology", """"UnUnUnUniversal l l l Communications Basic Technololology" andndndndnd "ICT for Saaaffefff ty 
Seeeeecuccucurirritytyyyy" annnnnd reeeevvvieweddd a  ndndndndd vv veryyy y mumummumuchchchhch i impmpmpmpmprovveeeeddddd thththththe rrererer seaaaraa ch orgggggaanizzzzata ionsnss t to o oo prom
these ressesees ararararcccchc  domainssss.

InnInInffoff rmrmrmrmatatatation and dd dd Commuuunicccation TeTTTT chchchhhnonoololololologggy (IICTTT) is ththhhhe basic c cc enenenengggineneneneeereere ing fiel
suppoooro t all thththththe e ee induststststs rial activvvitiiees. NICCCCCT is mm akkkik nggg efffforts tttoo oo aim thththheee realizzaata ion o
ideal sososos ciicicicietettetty yyy whwhwhwwhere wewewew  can freeeeely y y y commmmmuuunicateee ee ooone aanootother ammmammonnnong g g g thththththe pepepepeopopopoplelelele of all o
the wowww rld baaaased d onononono  MM Mannnn t o MaMM n, and MMMMachhhine to MMaM hchiine.
The rreeresultss ss of ressseaeaeaeearcrcrcrcrch hh h annddd development in NICT willllllll bbbe uuuutitittitililililizzez d for thtt e innntttet rnatio
standddadd rdddddizzzzization anananannd dd thththtthe e e e tetetechniiiicacaaalll trt ansfer to thhheeee iinininduduustststststryryryryry, aanana d thththey areeee aaaallsooo in br
activiiities such aasas thhhe reseeeae rcrcrcrcrch hhh h anaananand d d d d dededevelopmp ent momomomobibibibibiliilil zizizizizingngngngng the innndususstry and d theee e acade
in orddder to put t tt thhhhe techhnononnon loll gygyy t ttoo ooo prprprprpracacacactittitiiccaccaall lll ususususseee, tt thehehhehe rrreseaarcrcrccrch hh commmmmmmmisissssion to uunnniversi
compppaana ies, ettct ., thehehe vv vvventureeee suppppoppp rt and the aadvancccec d suuuupppppppooort fooor rrr infrastrrrrructure
accelerate the business plannnninning. 

In this way, NICT, as the sole nattiooiooionanannalll research organization, will continue to m
efforts towards realizing a vigorous society and a wealthy life by supporting the natio
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1.3 NICT Action Principles 

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

technologies, world-leading technologies, and technologies which should benefit 
society. 
1.3.2 Contributions to Society

NICT  will try to disseminate the results of our research throughout society by 
utilizing every means and opportunity.
1.3.3 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. 

1.4 NICT Organization Chart 

Fig. 1.1   NICT Organization Chart

1.3 NICT Action Principles 

1.3.1 Creating Technologies
NICT will undertake reseeeearcchch and development by pursuing orig

technologies, world-leading techhhhhnnologgigg es, and technologies which should ben
society. 
1.3.2 Contributions to Socieeettty

NICT  will try to dissemmmiiini ate the ressus lts of our research throughout society
utilizing every means and oppppppportunity.
1.3.3 Devotion to Self-Immmmprovement 

NICT will exercise ooooour maximum cappppacity or ability by acknowledging
importance of our sociiiiial respopopoonnsnsibilitiess and devoting ourselves to s
improvement withhh a  stronnnnngg sense e oooof eththththics and dd a spiritttit o o f independence. 

g1.4 NICT Organniiiizzation CCChhaaaaarttttt 
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1.5 Work Place Location 

2-2-2 Hikaridai, Keihanna Science City Kyoto Japan ,619-0288 

Fig. 1.2   NICT Location 

1.6 Work Description 

Responsible for supporting the on-going development projects.  The general area of 
focus will be on developing a Position Estimation using phase difference of pilot signal 
between electrode array for 2 Dimensional Communications System. 

1.7 Supervisor 

1.7.1 Supervisor Name :     Dr.Bing Zhang 
1.7.2 Supervisor Position : Senior Researcher        

1.8 Period of Work 

4 months between 24th May 2010 to 16th September 2010 

1.5 Work Place Location 

2-2-2 Hikaridai, Keihanna Science CiCiCCC ty Kyoto Japan ,619-0288 

Fig. 1.2  NICT Locatiiiioonono  

1.66666 Work Deeeeessssscccriptioooonnnn 

Respspspsponnnnsisisisiblbbbb e for suuupportinngg ttthheh  on-goggg iniinining gg dedededd vvvvelopppmmeent prrrrrojects.  TTTTTheheheheh  ggggenee eral are
focuusss s will bbbbbe ee e e onooo  devvveeele oping aa Pooosition EEEEEstiiimmammm tititiitioooon uuusinnng phassesses  diffefefefeerereerrennncn e of ppppilot sig
betweeeeeeen n n eleeleleleceeee ttrtrodooo e arrrrrarrray for 2 DDimmmensioonnnnnal Commmmmmmmuniicatttions SSyyysyy teeeem.m.m.mm. 

1.7 p SSSSSuuupeeeerrrrrvisorrrrr 

1.7.1 Suppperrrrvvvisor NNNNNaaaaammmmmeeeee ::::      DrDDrr.Bing g gg ZhZZ anananang g gg g
1.7.2 Suuuuuppeeerrrrvisorrr PPPooositttiiiiiooooonnnnn ::: SeSeSeSeenininnin ororororr RR RRReeeese eaeae rcrcrchehhh r        

1.8 Period of Work 

4 months between 24 hth May 2010 to 16 hth September 2010 
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1.9 Research Objective 

The objective of this project is to precisely 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.

1.10 Expected Result 

The expected result of this project is we can precisely estimate the position of 
device that placed on 2DC sheet, expected to estimation position error is within a few 
centimeters.       

                                                                                        

�

1.9 Research Objective 

The objective of this project is to prprprrprecisely estimate the position of a device o
Two-Dimensional Communication shhheeee t ttt (2DC sheet) in order to concentrate 
providing location-specific for Locationononnn-speeeecific Multimedia Services.

1.10 Expected Result 

The expected result of this project is weee ee can precisely estimate the position
device that placed on 2DC sheettt,t  expected to estststimation position error is within a 
centimeters.       

                                                                                        



�
�

�

5

Chapter 2 
Two-Dimensional Communication System 

2.1 Introduction 

Improving our daily supports by enhancing the surrounding common tools is a 
fundamental step to realize the ubiquitous networking society.  For example, a table is 
very common and useful furniture at home. The table can be enhanced by the new 
technology of epoch-making two-dimensional (2D) communication. The 2D  
communication technology has both advantageous features of wired and wireless 
networking. In 2D communication, a two-dimensional communication (2DC) sheet 
becomes the communication medium to propagate the carrier waves of devices, which 
are placed on the top of the 2DC sheet. The 2D communication sheet is not just able to 
establish a communication connection between two devices, but it also can provide 
other services including high speed transmission, power supply provision, high security, 
high accurate estimation of the device location, efficient spatial reuse, etc.  Further, the 
2D communication can also provide energy transmission by using high-powered carrier 
waves.  Therefore, not only the intelligent networking devices, such as laptops, PDAs, 
and mobile phones, but also any hand-held devices, such as camera, music players, 
headsets, hand-held game consoles, etc can be wirelessly charges via the 2DC sheet. 
During working your tasks on the table, 2D communication can identify the position of 
your laptop and incredibly it can charge your laptop and other devices simultaneously. 
By this way, 2D communication technology realizes the contextual supports for the 
need of people. 

In this report a prototype system is developed to accurately estimate the position of 
device that is put on 2D communication sheet. The prototype has eight electrodes array 
that attached at the one side of the 2DC sheet.  Moreover, the proposed method is 
evaluated in the case that electrodes array are attached at the multiple sides of 2DC sheet.  
The pilot signals are generated by a client device and sent into 2DC sheet via the coaxial 
cable.  Phase difference of the pilot signal between two neighbors of electrode array are 
used to estimate the position of the client device which placed on 2DC sheet.  The 
proposed position estimation method to get the accurate position of device that placed on 
2DC sheet by using phase difference of electrode array is presented.  The proposed 
method is examined through measuring the phase and power level and discuss the graph 
results.
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2.2 Related Work 

The concept of “Network Surface” was first proposed by Scott et al [1].  The 
network surface are surface which provide network connectivity to specially augmented 
objects, when these objects are physically placed on top of the surface.  When an object 
(e.g. a notebook computer, PDA) connect, a handshaking protocol assign function such as 
data or power transmission to the various conducting paths that are established.  The 
surface such as desk or wall etc as Networked, if a suitably augmented object can acquire 
connectivity to a data and/or power infrastructure, simply by being in physical contact 
with that surface.

Connectivity is achieved by providing a number of electrically in dependent paths 
or link between the surface and object, which are allocated to function such as data 
transmission or power.  The difference objects may require different functions and the 
functions which are available to objects may differ from surface to surface.

The Scott network surface idea, the network surface is composed of cleverly placed 
tiles.  Objects can be connected to the surface through circular pads designed to map with 
connection points onto the tiles.  The drawback of the network has to manage a large 
number of tiles in the surface, which leads to complex negotiation in between tile’s 
connection points and objects.  The network surface can also provide information about 
position and orientation of objects.  The drawback of the network surface is the 
complexity because the network has to manage a large number of tiles in surface, which 
leads to complex negotiation in between tile’s connection points and objects.

To tackle the mismatching a total problem of network surface, Minamizawa et al 
[2]. introduces a simple 2DC sheet whereby a proximity connector touches the surface 
freely without restraint for both power supply and data transmission.

2.3 2D Communication System [3]

The 2DC sheet consists of two components: a sheet and a connector.  Figure 2.1 
illustrates the basic structure of the 2DC sheet, which composes 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 in Fig. 2.1 is to protect human directly in 
contact with the M-layer.  With this layered composition, an electromagnetic wave can be 
confined within the 2DC sheet depending on the relative permittivity of D-layer and the 
mesh size of M-layer.  The inter-stripe distance and the stripe width of M-layer are 7 mm 
and 1 mm for a 2.4 GHz electromagnetic wave.  However, the electromagnetic wave still 
can seep out from the surface of 2DC sheet.  We call this phenomenon as “evanescent- 
wave” as shown in Figure 2.2.  The evanescent wave is formed when the electromagnetic 
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wave inside the 2DC sheet is reflected off the surface.  The energy flow of evanescent 
wave is parallel to the input direction of the electromagnetic wave.  Meanwhile, the 
connector is an antenna that an electromagnetic wave is extracted from or inserted into 
the 2DC sheet.  

          
                 
                Fig. 2.1   2D sheet construction

�

�

Fig. 2.2   Evanescent wave 

wave inside the 2DC sheet is reflected off the surface.  The energy flow of evanes
wave is parallel to the input direction of the electromagnetic wave.  Meanwhile, f
connector is an antenna that an electrommmmaaagaa netic wave is extracted from or inserted 
the 2DC sheet. 

   
                 
                FiFiiF ggg.g  22222.11.1.11.    2D2D2D2 ss shehehhhh et conststtstruction FiFiFiFiFiF g.gggg  22222.2   Evvvvanananananesesessescecececcent wave
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Chapter 3 
Applied Theories 

 
In the report, both theories, phase difference and path loss, are used for position 

estimation equation to evaluate the position estimation of device that is placed on 2DC 
sheet.  

 
3.1 Phase Difference of Multiple Inputs 

The phase difference [4,5] or phase shift as it is also called of a sinusoidal waveform  
(Sine Wave) is the angle � (Greek letter Phi) in degrees or radians that the waveform has 
shifted from a certain reference point along the horizontal zero axis.  In other words 
phase shift is the lateral difference between two or more waveforms along a common axis 
and sinusoidal waveforms of the same frequency can have a phase difference. 

The phase difference, � of an alternating waveform can vary from between 0 to its 
maximum time period, T of the waveform during one complete cycle and this can be 
anywhere along the horizontal axis between, � = 0 to 2� (radians) or � =  
depending upon the angular units used.  Figure 3.1 shows example of difference distance 
between two electrodes and antenna, c0p2 and c0p3.  Figure 3.2 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: 

 

 

        Fig. 3.1   Different distance of two electrodes array
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and sinusoididddal wavavavaveforormsmsmsmss o oo o o f f thtthe sameememem ff frrerequuuenennencyccycyc  can hhhhavavvavee e eee a aa phasasseeee ddifffererererenee ce.

The phasssse ee difffererreererenenene cccec , � of annn  alternating wwwwwaveform cacaaan n n n vvvvav ry frooooomm m between 0 to
maximumuuum mmm tiiiimmememe p p ppppereree iiioiod,dd,d, TT T TTT of the waveform durininning g one cocococcompmmm leleeeete cycccclell  aaaaandndnnnd this can
anywwwhhheh re alooongngngng ttttheheheee h hororro izontal axa is between, � ==== 0 to 22222�� (((rararr dididiidianananananans)s)s)s) o r � =
dependininnng g upupupuponoo  tthhhhehh  angngngular uniniitstststst  used.  Figure 3 333 111.1 s sshows eexxxxampppplel  oooof f f f didddd ffffeeerence dista
betwwwwtweeeeeennn n two o elee eccctrodeeeses and antenna, c0p2 and c0p3.  Figuree 333 .2 shohohohohowwwss ppphaaasesesese dd difififferen

Whenn t t tthhhheh  dddddevicceee e moves, theeee ppp phahahhase difffeff rerereencncncnccese  of every y pair oof fff nennenen ighborininning pl
are chaanananged.  TTThT e pphphphphp ase difffererere ence of c0p2 and c0p33 3 isi  presenttttedee  aasss s follow::  
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3.1.1 Phase Difference Equation 
 

D2,3 = |  |                 (1.1) 

 
                                                                                              (1.2)    

where �sheet 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. 

 
        

Fig. 3.2   Phase Difference

                                               �

3.1.1 Phase Difference Equation 

D2,3 = |  |                 (1.1) 

                                                                                              (1.2)   

where �sheet is the wave lengtttthhh h of electrrorooomagnetic wave in the 2DC sheet and t

the phase angle in degrees oooor radians thhhataaa  the waveform has shifted either lef
right from the reference poioioioo nt.

       

Fi 3 2 Ph Diff
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3.1.2 Wave Function Equation 
 
                                               (1.3) 
 

where: 
 

    : is the amplitude of the waveform. 

      : is the Exponential Function. 

            : is the complex number. 

          : 

is wave number (spatial frequency) can be 
associated with the wavelength by the relation   

 =  

 
        : is the distance. 

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

           : is the time. 

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

 
 

3.2 Path Loss

Path loss [6] 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.

 

3.1.2 Wave Function Equation 

                    (1.3)  

where: 

   : is the ampmppplitude of thhhe ee waveform.

      : is the EEEExxxpxx onential Funcctc ion. 

            : is the cccomplexxxx n n nn umu ber. 

          :

is waaavaa e numbbbbmber ((((sssps atial frfrreqee uencccy)y)y)y) can be 
asasassosososociattattedee  with hhhh thtththt e wavelengngngthhthtth b bby thhheee relation   

 ==== 

        :: : is the disisisi tance. 

          :::: 
is the aaaangular frequency of the wwawwawaveeefofoff rmrmrmmrm i i iiiinn nnnn 
radianaannnn/s/s/s/seecececc.

           : is the time. 

  : :
is the p pp phahahahase angle in dededegrgrgrgrgreee s or radiaaaaansnn  thhaahat ththhtht e 
waawawavvveform has shifted either leleleeft or righghghght frrrom the 
rrrreference point. 

3.2 Paaaaatttthhh LLLLLLoss

PaPP th llloosoo s s [6[6[ ]] ] or ppppataa h attetetetetennnuatatatattioiiii n isisisisis tt ttthehhehh  reducucucucuctiononononon i in nn popppp weeeerr r deeedeeensnsnnsnsnsittititity y (a(a(attenuation) o
electrtrtrtrrromoooo aggggnnenn tic wawwawawavvvevev  as s itiititi  p propagates through medium likikkkkee e sppppacacacacceee ee e ooro  2DCDCDCC sheetetetetet.. Path 
is a mmmmmajajajajjoror ccompooonenen ntntntntntt iiiiin n nnn thttht e annnnalalaallysysysy is and design off aaaa ttt t lellele ececcccomomomomomo mumummumunication ssssysyyyy teteetemm.mm  

Thisiiii  term m iisi  cccommmomomm nlnlnlnlnly yy y y usususedeed i in iiwirelllless cccommomomommumumumumuuninininininicacacacca itionsss s annnnnd signalalll prrororropagat
Path loss may y bebebebe  due to o o o mammm nynyyy eee effffffffffffecececececectstststst ,, , sususuussuchchchchh aaas prprprprooopoppagattioioiooion nn lossss,,, , reeeeefrf action, dddidd ffract
refleccttit on, appeereree ture-mmmmedededium cccocc upliliingngngngg loss, anddnndd aa absbb orptiion. Patatata hh hh lllloss iis sss alalsoss  infffffllul enced
terrain contours, environmmenenenentt tt (u(u(u(urbannn o r rrur ral, vegegege etetetee ation and foliage), propaga
medium, the distance between the transmitter and the receiver, and the height 
location of antennas.
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3.3 Position Estimation Equation

In the experimental the three equations, squared, absolute and square root, are 
proposed to find the accurate position of device.  These equations can show the accurate 
position and error position of device.  First the phase and power level information are 
measured for several points on the 2DC sheet and made a database in advance. Table 
3.1-3.2 show the way to gather the database of first time and second time.  
 
Table 3.1   The database of first time 
 

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

60 17 A11 A12 A13 A14 A15 A16 A17 

65 17 A21 A22 A23 A24 A25 A26 A27 

    

90 47 An1 An2 An3 An4 An5 An6 An7 

 
Table 3.2   The database of second time 
 
X  Y  D1,2 D2,3 D3,4 D4,5 D5,6 D6,7 D7,8 

60 17 B11 B12 B13 B14 B15 B16 B17 

65 17 B21 B22 B23 B24 B25 B26 B27 

    

90 47 Bn1 Bn2 Bn3 Bn4 Bn5 Bn6 Bn7 

 
Then the differences of phase and power in database are compared.  
The minimum result of these equations are estimated as position estimation.  
 

3.3 Position Estimation Equation

In the experimental the three eqquuauauatittt ons, squared, absolute and square root, 
proposed to find the accurate position oooooof deeeevice.  These equations can show the accu
position and error position of device..   First t the phase and power level information
measured for several points on the 2222DC sheeeete  and made a database in advance. T
3.1-3.2 show the way to gather the ddddatabase offfff f first time and second time.  

Table 3.1  The database of first tiiiime 

X Y D1,2 DD2DDD ,3 D33333,4,, D4DDD ,5 D5,6 D6,7 D7

60 17 AA1AAA 1 A122 222 AAA1A 3 3  A114 AAA15 A16 A1

65 1717177 A2222211 11 A22 A23 A24 44 A25 A26 A2

90 474747477 Annn11 1 An2 An3 An4 An555 5 AAnAnA 6 An

Table 3.333 2   Theee e dataaaaaabab se of seseeecccond time

X Y D1,2 D2D2D ,33,3,3 D3DD3D3D3,4 D4DDDD ,55555 D5,6666 D6,7 D7

60 17171717177 B11111 B122 B1B11B113 BBB14 B15 B1111666 6 B

65 1717777 B22221 11 B22B222 2 22 B2BBB 3 B2BB2BB24 4 4 B2B2222555 55 B26 B2

90 47 Bn1 11 Bn2 BBnBnBnBn3 333 Bn4 4 4 Bnnnnn5555 5 Bn6 Bn

Then the differences of phase and power in database are compared.  
Th i i l f h i i d i i i i
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The formulas show as: 
Square Equation         =                                (3.1) 
Absolute Equation      =                                           (3.2) 

Square Root Equation =                                          (3.3) 

where,  is phase difference of electrode i and i+1 from database, and  is that 
from measured value.    
For equation (3.1) the distance of device will be exponentiation increase d. 
For equation (3.2) the distance of device will be positive value (|d|). 
For equation (3.3) the distance of device will be exponentiation decrease d. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
�

The formulas show as: 
Square Equation         =                               (3.1) 
Absolute Equation      =                                          (3.2) 

Square Root Equation =                                          (3.3) 

where,  is phase difference of elelelee ectroddeee e i and i+1 from database, and  is 
from measured value.    
For equation (3.1) the distance of ddeeeve ice will be ee exponentiation increase d. 
For equation (3.2) the distance of dddevice will be pppop sitive value (|d|).
For equation (3.3) the distance offfff d evice will be exxxxponentiation decrease d. 
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Chapter 4
Experimental Evaluation 

4.1 Working Plan

Subject 
May June July August September

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 2D communication                          
-Measure phase and power of 2DC 
sheet and Calculate value of  
phase and power then plot graph 

                    

-Estimation system consideration                           
-Data summary and preparation  
for presentation                         

-Presentation                          

4.1.1 Study about 2D Communication 

Subject 
May June July August September

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

-Reading “A Simulation Study for  
Position Estimation of Multiple  
Devices in 2D Communication  
System” 

                      

-Reading “Sensor Networking 
 based on Two-Dimensional  
Signal Transmission Technology”  

                        

-Reading ”An Efficient Wireless  
Power Transmission System  
Using Phase Control of Input  
Electrode Array for 
Two-dimensional Communication ” 

                        

-Reading ”Digital Scope on 2D 
Communication Sheet for  
Location-specific Multimedia  
Service ” 

                        

�

Chapter 4
Experimennnntal Evaluation 

4.1 Working Plan

Subject 
MMMaMayaa June Julyll August Set pte

1 2 3 4 5 1 22 32 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3
-Study about 2D communication                        
-Measure phase and power of 2DC
sheet and Calculate value of  
phase and power then plot graph 

                  

-Estimation system consideration                        
-Data summary and prepppararraratiioi n n  
for presentation                        

-Presentation                        

4.1.1 Stttuuudddyyyy aaaaaabbbbbbooooutt 2D Commmmmmunication 

SuSuSuSubjecececct 
MaMaMaMaMaM yy y JuJuJJ neeee J J JJuly Auguuguustststts  Septe

1 2 3 4 5 1 2 3 4 5 1 2 3 43333 5 15 15 15 15  222 3 4 5 1 2 3

-Reeae ding “AA SiSiSiSiSimmmmum laaaation SSSttutut dy for  
Posii itititit onononon EE Estimationnnnn of MMMuuulu tiple  
Devices iiin 22D DD Commmmmunnnniiicii ation  
Syyyystsststememememem”””” 

                    

-RRReeeeading “Sensor NNNNNetette wwow rking 
 basss deeded on nn Twwwwooo-o-DiDDD mensional  
Signal Traaaannsnsnsmmmimimisssssss ion Technoolloll gy”  

                       

-Readiidiingngngng ”Annnn EE EE Effffffffffici ient Wirrrrele ess  
Power TrT ansmisisisssisisisiiooono  Systeteeeemmm  
Using PhPhPhhase CoCoConttrororororool l of Inputututu  
Electrtrtrrodooo e Arraaayyy y for 
Two-dddidd mmmensiooional Commmmmmmunuununuunicicicicicataaa ion n ””” 

                   

-Readiiing ””””DDiDiD gital Scopoopope e onnon 22222D DD DD
Commmmmunication Sheeeee t foffofof r  
Locatioon-specific MMMuM ltltltltimii edia  
Serviceee ” 
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4.1.2  Measure phase and power of 2DC sheet  

Subject 
May June July August September 

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

-Measuring the position of  
device every 5cm and 2.5cm interval, 
that input electrodes  
are attached on the top of  
2DC sheet  

                        

-Measuring the position of  
device every 5cm and 2.5cm interval, 
that input electrodes  
are attached on the top and 
 right of 2DC sheet  

                        

-Measuring the position of  
device every 5cm and 2.5cm   
interval, that input electrodes  
are attached on the top and bottom  
of 2DC sheet 

                        

-Measuring the position every 5cm  
and 2.5cm interval, that  
input electrodes are attached  
on the 4 sides of 2DC sheet  

                        

4.2 Work Description 

Our work is responsible for supporting the on-going development project.   
In this project we are responsible to measure the phase and power level information of 
pilot signal between input electrodes array. There are four experiments that input 
electrodes are attached at the different locations of edge of 2DC sheet, top, top-right, top-
bottom and four sides.  For each experiment, positions are measured every 5cm and 
2.5cm interval for two times.  After that the graphs result are plotted to evaluate the 
correct position and error position of each experiment and use that result to improve the 
better position estimation.  For every experiment, a report of the experimental result were 
presented to the research team for discussing the experiment result and evaluating the 
best way to precisely estimate the position.          

4.3 Experimental Setup and Description 

Figure 4.1 shows the experiment setup that mainly consists of 2D communication  
sheet, 8 electrodes, client device, phase angle measuring device, antenna and wave-
absorber.

4.1.2  Measure phase and power of 2DC sheet  

Subject 
May June July August Septe

1 2 3 44444 5 111 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3

-Measuring the position of  
device every 5cm and 2.5cm interval, 
that input electrodes  
are attached on the top of 
2DC sheet  

                      

-Measuring the position of  
device every 5cm and 2.5cm interval, 
that input electrodes  
are attached on the top and dd d
 right of 2DC sheet  

                      

-Measuring the pposososositii ion offff  
device every 5cmcmcmc  andd 22 22 555.5cm   
interval, that inppputuuu  electroooodededddd s s  
are attached on thhhhee totototoop pppp ananandd dd dd bbobob ttttttomomomomom 
of 2DC ssssheettt 

                      

-Measuuurirrr ng the ppppposososositiitition eeveve ery y yy y 55cm  
and 2.5cm iniii teervrvrvalaaal, thatatatatt 
inpuuuutttt elelelecececctrtrttrt oddesesses aaa aarre aaatttttttacheddd ddd  
on tttthheh  4 sideesss o ooofff ff 2DDCC C sheeett t  

                      

4...2222 WWWWWorrkkk Deeeeesccccriptioooonnnn 

OuOuuuur rrr wwwwoww rk is reeeeessponononoo sibbblee fooooorrr rr sususuuuppppppoorooo tingnngn  thhhe on-gggogg ing devevevevev lololololopmmmmment proj
In this pprppp ojojojojojojecececececct we aree responsssiblle to memmmeeassssuruuuu e ee ththhhhee phhhasee and dd power leleelel vevvevevevel ininininnformation
pilot tt signalllall b b b bbbeteeee weennnne  input eeeleccctrodess  arraaaay.yyyy  TTTherrre aare fououououuur expepeppeperririririments tht at in
electrrodododdesesesese  a a aaree aaa attacheeeeh d d at the dddifffeferent lloooocationsnsnsnss ooof edddge of 2DDCCC CC shhhheeeeeeeeet,t,tt  topopopopop, ,, totootopp-pp right, 
bottomoo  and fouuurr r sisss des.ss   Foor rr eaeachhchchch expxppxpererimiii ent, ppposossosiitititiioionnnsns aaarrerer  mmmmmeeeeeaasusureeeeedd dd every y 5cm 
2.5cm m mmmm inteeerrrvr al ffforororoorr t tt ttwwowowwo ttiimimimimes.  After that the graphs rrrreesesese ult t arararara ee e e plottedd d dd to eeeeevavvvav luate
correeecee t tt popoppop sition aaaaandndndnd e e eeerrrrrrrrororooror p osititittioioioion n of each experimeememeenntnt aaandndndndndn  uuuuuseseseeses  thaat resultltttt t o o oo immmmprove
betterrrr position esesesestimmmationonnn.  F FF F Forororr e e evevv ry experiiiiment, ,, , a a a rererrepopopoopoorrtrtrtrtrt o o o offf the e ee exxpppepp rimenttnttal rrrrresult w
presene ted to thehehehe rrrrresearcch hhh teteamammamm f  fffforororororor d d ddddisisisiscucucucucucussssssssinininnggg gg thththththhe ee ee eexexexperimemm nt reesese ulullllt t and evalallalaluating
best wwway to prrp eeeciselelelly y y y esesestimattetetete the posiiti ioioiionn.          

4.3 Experimental Setup and Dessssccccrrriiipption 
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When the pilot signal transmits to 2DC sheet, the pilot signal is reflected by the edge of 
2DC sheet.  To absorb the wave reflection, we propose to attach the wave absorber sheet 
at the edge of 2DC sheet.  The wave absorber sheet width is 6 cm, and it is attached 
around the edge of 2DC sheet.  Figure 4.2 shows cross section view of the wave absorber 
[3] on the edge of 2DC sheet.  It is easy to implement the wave absorber by simple 
structure. 

Fig. 4.2   The cross section view of the wave absorber

Fig. 4.1   The experimental setup�

Whhhhhen the ppppiliilililot ssignaaalll l transmits to 2DCDCCC ss sheheeheh etetetee , ,, the pilot signalalaalall i s reeeeflf ecececccctetetett d bybb  t eehee edg
2DDDDCCCC C shsshheet.  Tooooo  absoooro b the waveveveve r reflection, we propoppposooo e to attaccccch thee eee wave abssorrororo bbbebb r sh
at the eeedggge ee offf 2DCCCCCC sheet. T The wave absorber sheett wwwwidth is 6 cmm, anananannd d iiit is attac
arrrooouuou ddnd the edgeee ee ofofoff 2DC sssshhheh et.  Figure 4.2 shows cross sececction vieeieieeew of the wavveeee abaa so
[3]] ]]] on the edgeee e of 2DCCCCCC ssheheheheheetetete .  III IIt ttt t isiiii  ee e asssssy yyyy too iiiimpmpmpmmpleleleleemeeeeentnnnn  tttthe wavavvvvee ee ababsorber bbbyy yy sim
structureee.ee  

Fiiggg.g  4.1   ThThThe experimental seetee up
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The size of the 2D communication sheet is 150 cm x 64 cm and measurement area is 30 
cm x 30 cm.  The measurement position starts at 60 cm to 90 cm of X-axis and 17 cm to 
47 cm of Y-axis.  In the experiment, each point of 2DC sheet is measured every 5cm and 
2.5cm intervals.  The total of measurement points is 49 points and 169 points respectively.  
The pilot signal that frequency is 2.4 GHz. is feeding into the 2DC sheet by the client 
device for pilot signal transmission as shown in Figure 4.3 via coaxial cable.   

                  
     

            Fig. 4.3   Client device for pilot                Fig. 4.4   The antenna 
                            signal transmission  

       The pilot signal that oscillate from an antenna which is 8.5 cm. in diameter 
spreads throughout the 2D communication sheet and reaches to the electrodes array that 
are directly attached at multiple side of 2D communication sheet.  Figure 4.4 shows the 
antenna is connected with client device by coaxial cable.  The size of each electrode [3] 
is 12 mm x 47mm as shown in figure 4.5 the interval of electrode array should be less 
than sheet that is the wave length of electromagnetic wave in the 2DC sheet. The sheet 
calculates as formula :    

sheet = r light wave  

where, r is transmittance ratio. 
      The pilot signal that are received at 8 electrodes array on the each side of 2DC sheet 
are sent to phase angle measuring device as shown in Figure 4.6  The phase angle 
measuring device measures the phase and power level information using electrode array 
that is connected by coaxial cable.  The phase and power level information can be 
checked on the computer screen.  Then the values of the phase and power level are used 
to calculate and evaluate the position estimation. 

The size of the 2D communication sheet is 150 cm x 64 cm and measurement area i
cm x 30 cm.  The measurement position starts at 60 cm to 90 cm of X-axis and 17 cmt
47 cm of Y-axis.  In the experiment, each h h h popp int of 2DC sheet is measured every 5cm 
2.5cm intervals.  The total of measuremmeementt ppppoints is 49 points and 169 points respectiv
The pilot signal that frequency is 2.4 GGGGHz. is feeding into the 2DC sheet by the cl
device for pilot signal transmission as sss shown iniii  Figure 4.3 via coaxial cable.   

                  
     

            FiF g. 44444.333333   ClClllC iiientt d evice fofofofff r pipipip lololololotttt t                FFFiFF g. 444 4.44.4.    TTTThT e annnnteteteenna 
                                ssignaalalaal transmission  

       The pilllilot ssssiigiignal thattatt oscillate from an antenennnnna whichchchh is 8.5 cm. iiin diam
sppprerereadaadadadsss s thhhhrroroougghhhoh uutut the 2D DDDD communication sheet and reacacacaa hes to tttthe electcttctrror dedededes s ss array 
arreee directly attaacacaa hhheh d at mmmmuluu tit plpp e e sis dededeee oooof 2D comoo muuunicacatitit oonono  sheetttet.. .  Figure 4.4 shhhhows
antetettennna aaa isssss cc coonoo nected wwwwwiiiti hhh h clieeent devevvvviicii eee e bybybyby c ccoaxixixix al cccabllel .  TTTTThe size offfff eee eeacaaaa h h h eleeleelecececttrode
is 12 mmmm xxxxx 4 44 447mm as shown iin ffigure 44444.55555 t   heheheehe i ii innnntervvval of elleeecee trode ararararrarararar yy y ssshould be 
than sheet tt ththththhhataaaaa  is theee e wave leenngttth of elelleectroooomamamamm gnggnetiicc wwave innnn tthe 2DCDCDCDCDCDC s heet. ThTTT e sh
calculllatatatteeeses aaaas ss fooofoormrr ula a : ::    

shhheet = r lilililighghgg t t wawwawaw vevvv  

where,e  r is trannnnsmsmsmmittance ee rarratiio. 
      Thhhe pilot ssis gnall tttthahahah t are rrrrer ceived at 88 electrododes arrrrray onn n n thththt e eachhhh side offff 2DC sh
are sent to phase angle meeeeasaasasurrurriiiini g deeeevice as shhhowwn nnn in Figure 4.6  The phase an
measuring device measures the phase andd d power level information using electrode a
that is connected by coaxial cable.  The phase and power level information can
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     Fig. 4.5   The electrode                       Fig. 4.6   Phase angle measuring device

4.4 Position Estimation Method 

As mentioned in the two dimensional communication system section, the 
prototype is used to describe that 2D communication system can measure the phase and 
power level via 8 arrayed electrodes attached at the each side of the 2DC sheet.  To 
locate an accurate position of device that placed on the top of 2DC sheet, the proposed 
2D communication system measured the phase difference of pilot signal.  Figure 4.7 
shows the example of arrangement of electrode array.      
           

                  

   Fig. 4.7   The arrangement of electrode 
           

 Fig. 4.8   Phase and Power level   
�������������������information�

�

           

     Fig. 4.5  The electrododode                        Figgg.. 4.6  Phase angle measuring devi

4.4 Position Estimmmmmation MMMMeeeettttthhhhoooooddddd 

As menenenentionnededddded ii iinnn n the twooo oo dimensionaaaal llll communnnniciciccatataaa ion syysyyyssstem section, 
prototypypyypeee e iss uu u seeeeeed dd d dd toto dd ddesesescrccrrcrcribe thatttt 2D communicaatatation systststststememememem ccaaanaa  meaaaasususus rerererere tt t thehh  phase 
poweeerr r level vivivivia a 888 8 arararaa rayyeyyy d electrtrtrt odes attached at the eaccccch hhhh sisiidededed  o o ooof ff fff thtthtthe 2DCC C CC sheet. 
locate aann nn acccucucurateteeee possiiiti ion of dddddeveveveviiciccee ththat plalaccedd ddd ononononon the topopppp of 22D2D2D2 CCC CC shshshshsheeeett,t, the propo
2D cccomomomommmumuunininininiccatititiion syyysyy tem measured the phase difference e ofo  piilililotootototo  siigi naaal.  Figure 
shoowo s the e exexexexxammmmple oofofo  arrangementtntnt ooo offf llelelecttrrodododododeee araaarray.      
           

                 

   Fig. 4.7  The arrangement of electrode  Fig. 4.8  Phase and Power level  
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Technically speaking, the pilot signal that oscillate from an antenna spreads 
throughout the 2D communication sheet and reaches to the electrode array.  The system 
shows the phase and power level information that use it to calculate the phase difference.  
Figure 4.8 shows value of phase and power level information of pilot signal which 
received at the electrode array, in which no wave reflection at the edge.  The phase and 
power level information are used to evaluate the position of the device which is placed on 
2DC sheet.  Measuring the phase at every electrode, the value of phase difference of 
each pair of neighboring electrode is obtained.  The difference of phase results from 
that of the propagation delay. Therefore, if there are several electrodes all of the 
positions on 2DC sheet have unique phase information. 

Next position estimation method is described. First, the phase and power level 
information are measured for several points on the 2DC sheet and made a database in 
advance.  Then the antenna of client device is put on 2DC sheet at random and send the 
pilot signal.  Measuring device measure this pilot signal and compare between the 
phase and power level difference of database and that of pilot signal by proposed 
formulas as mentioned in the theory. 

The minimum result of these formulas is estimated as position estimation.  For 
example, the phase difference between ‘p2’ and ‘p3’ in fig 4.7 are the resultant from the 
distance difference of two lengths, c0p2 and c0p3. 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 mention in theory section which Phase Difference 
Equation (1.1). 

Then a database is created for phase, the differences of power level and position 
through changing the antenna positions.  Table 4.1 shows an example of database. 

Table 4.1   The database of phase and power level 

Position 
(cm) 

Phase Difference(degree) Power level(dBm) 

D1,2 D2,3 D3,4 D4,5 D5,6 D6,7 D7,8 P1 P2  P3  P4 P5  P6  P7 P8 
60,17 30 83 113 92 135 139 175 -18.4 -18.6 -20.7 -26.3 -30 -30 -30 -30 

60,22 87 5 77 96 108 163 164 -21.1 -18.6 -18.6 -21.5 -24.5 -28.3 -30 -30 
60,27 123 57 0 55 93 154 150 -23.5 -20.5 -18.6 -18.5 -20.5 -22.3 -27.9 -30 

60,32 134 92 58 16 61 132 117 -28.3 -24.5 -20.7 -20.7 -20.5 -21.1 -24.7 -30 
60,37 166 111 98 80 12 99 112 -30 -30 -23.9 -22.3 -20.5 -19.5 -21.5 -25.9 

60,42 130 141 91 116 78 28 65 -30 -30 -29.5 -24.7 -21.5 -22.3 -19.5 -23.2 
60,47 117 143 165 104 99 46 1 -30 -30 -30 -30 -24.5 -22.3 -21.5 -21.4 
65,17 42 63 102 87 115 164 166 -19.5 -20.5 -19.5 -23.9 -26.5 -29.5 -30 -30 

65,22 70 1 51 86 91 154 154 -22.3 -19.5 -21.5 -21.5 -23.5 -27.1 -29.5 -30 
65,27 105 53 6 40 79 141 142 -23.5 -21.5 -20.7 -21.5 -21.5 -22.3 -27.9 -30 

65,32 109 88 46 10 46 121 106 -27.1 -24.5 -23.1 -23.1 -23.5 -22.3 -24.7 -28.6 

65,37 137 89 91 61 0 77 94 -30 -28.5 -23.9 -23.1 -23.5 -22.3 -23.1 -25.9 

Technically speaking, the pilot signal that oscillate from an antenna spre
throughout the 2D communication sheet and reaches to the electrode array.  The sys
shows the phase and power level informatatatattioi n that use it to calculate the phase differe
Figure 4.8 shows value of phase and d d poooowewww r level information of pilot signal wh
received at the electrode array, in whicicch no wave reflection at the edge.  The phase 
power level information are used to evvvvaluate ttttheh  position of the device which is placed
2DC sheet.  Measuring the phase aatata  every ellelell ctrode, the value of phase differenc
each pair of neighboring electrodeedee is obtaineddd.  The difference of phase results f
that of the propagation delay. TTTherefore, if tttthehh re are several electrodes all of 
positions on 2DC sheet have uniqqqqque phase informaaaation. 

Next position estimation method ssissss d escribbbbedeee . First, the phase and power le
information are measurururred for several ppppoiintntttnts on theee 2DC s ssshehh et and made a databas
advance.  Then the aaantennnanananana oo of ff cllieeieient ddevviccicicice is put on n 2D2D2D2DDC sheeeeet at random and send
pilot signal.  M MMMeasuuuuring devevevevviciciicci e memeeeeasasaasa urrreee e thththhhiisisisis pppp lililili ottt s ssssignal anaa d cooocoompmmmm are between 
phase and pppop wer rr levevvvel l didididididiffffffferenceeee off ddatat bbababaassesss  andddd t t tthahahahahahatt t tt of pilillilot sigggggnannn l by propo
formulas as mmmmentioioooonenenennen d dd ini  the theooororo y. 

ThThThTheee e mimmimim nimumumumumumum reeesususuuuultl  of theeeese formulas is esee timateeeeeddd dd asaaa  ppppositioon nnnn esesesesestititttimammm tion.  
exammmmpppple, the pppppphahahah see ddddiffefefefef rence beebebebbetween ‘ppp2’ and ‘pp3ppp ’ in figggggg 4.7777 a arerereree t t ttthehhehehe resultaaant from
distancee d   iffffefefeerer ncncccce offf ttwo lennggtgtgttg hhshshs, c0p2 andd c0p0p0p0p0 33.3.333  When n thttt e ddeded viiicecececee mmoooves, the ph
difffffffereererenenenncces oofofo  evvev ry pppair of neighboring plugs are changedddded.  Thehehehehe p phhah se d dddififiiffefeferenc
c0pp2p  andd ccc cc000p00 333 33 is ppppresented as s  mmmem ntion iniin ttt thehehheeoro y sectionnnn whiiciii h hhh PhPPP ase DiDiiDiffere
Equatiioonoo  (1.1). . 

TThThThenenene  aa daaaatabbbbase is ccrrrerr ated for phase, the differennnnnnccecc s of pppppowowo eer llevevvvevele  aaaandnn  posi
thhrrrorr ugh changiiiingngngngn  the antntnttenna ppositions.  Table 4.1 showwss sss an exaaaampmmpmpmple of databaaaase. 

Table 4..1   TThThT e databaaaase of phhhasse and poppp wwwwew r rrrr lelelel vevv l

Positiononon
(cm)mm  

Phhhaasa e Differeenenence(d(d(d(degree))) PPPPPowowowwwweere  leeveve elll(d(d(dBBBmB ) 

D1111,2 DDDD2,2,22,2,3 3 3 3 D3,4,4444 D   4,5 D5,6 D6,7 D7,8 P1 P22P2PP   P3P3P3P3P3  P4  P 5  P6  
60,1117 17 30 83 11113113113 9292929  13  5 139 175 -18.48.48.4.4 -18.68.68.68.6 -2 -2 -2- 0.7 -26.3 -3-3-30 -00 0 30 

60,2222 22 87 5 7777777 97 97 7 7 96 1108 008808 163163163 161616 1664444 -4 21.1  - -18.18.818.666 -18.8.8.6 6 -21.5 ---2224.5 -28.3 
60,227277 123 577 0  55 5555 5555 99393933 154 151 0 -0 - -2323.3.3 5 -20.5 -188.8 6 -18.5 -20.5 -22.3 

60,322 134 929292 58 5888 16  61616161 13131 13132 22 12 112 17 -28.3 -22-24-24 555 5.5 -20.77 77 -20- .7 -20.5 -21.1 
60,3777 166 111 998 888880 12 99 112 -30 -30 -2-2-233.9 -22222.3 -20.5 -19.5 

60,42 2 130 141 91 1111116 78 28 65 -30 -30 -29.5 -24.7 -21.5 -22.3 
60,47 117 143 165 104044 99 46 1 30303-30 -30 -30 -30 -24.5 -22.3 
65,17 42 63 102 87 115 164 166 -19.5 -20.5 -19.5 -23.9 -26.5 -29.5 

65,22 70 1 51 86 91 154 154 -22.3 -19.5 -21.5 -21.5 -23.5 -27.1 
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…… … … … … … … … … … … … … … …

Table 4.1   The database of phase and power level (continue) 

Position 
(cm) 

Phase Difference(degree) Power level(dBm) 

D1,2 D2,3 D3,4 D4,5 D5,6 D6,7 D7,8 P1 P2  P3  P4 P5  P6  P7 P8 
               

65,42 127 106 87 109 59 25 49 -30 -30 -27.9 -26.3 -24.5 -24.7 -23.1 -24.1 

65,47 128 178 146 96 89 33 3 -30 -30 -30 -29.5 -25.5 -24.7 -24.7 -23.2 

70,17 20 40 88 98 114 154 148 -22.3 -23.5 -22.3 -24.7 -26.5 -28.3 -30 -30 

70,22 64 10 46 77 93 148 136 -23.5 -23.5 -23.1 -23.9 -24.5 -27.1 -29.5 -30 

70,27 98 39 10 18 79 134 107 -24.7 -22.5 -23.1 -23.1 -23.5 -22.3 -26.3 -30 

70,32 117 73 30 11 27 104 102 -27.1 -23.5 -23.1 -24.7 -24.5 -24.7 -24.7 -27.7 

70,37 105 91 71 48 11 69 87 -30 -27.5 -23.1 -23.9 -25.5 -24.7 -23.1 -25 

70,42 170 86 76 88 45 21 38 -30 -30 -27.9 -25.5 -25.5 -25.9 -24.7 -25.9 

70,47 167 162 97 103 84 17 3 -30 -30 -30 -28.7 -26.5 -25.9 -26.3 -25 
            

90,47 129 91 73 73 49 2 6 -30 -30 -28.7 -28.7 -28.5 -28.3 -27.9 -25.9 

Next the antenna is put on one of the measured point of database, and the phase and 
power level of the antenna are measured.  Then the phase and power level are compared 
by using three proposed formulas as mentioned in the theory section which position 
estimation equation (3.1), (3.2) and (3.3). 

4.5 Experimental Method 

 The experiments in this report are all performed in one test room, using 8 electrodes 
for four measurement setup that the electrodes are set up at the top, top-bottom, top-right 
and 4 sides of the edge of 2DC sheet respectively.  For each experiment, 5cm and 2.5cm 
intervals are measured for two times respectively in each measurement step. This section 
the details of the experimental method is described that the 8 electrodes are clipped on 
the top edge of 2DC sheet and the positions are measured for every 5 cm interval.  Figure 
4.9 shows the experimental set up.  However, the other experiments that not describe also 
use the same method.  Figure 4.10 shows the measurement condition. 

………… … … … …… … … … … … … … …

Table 4.1  The database of phase and power level (continue) 

Position
(cm) 

Phase Difference(degree) Power level(dBm) 

D1,2 D2,3 D3,4 D4,5 D5,6 DDDDDD6,7 D7,8 P1 P2  P3  P4 P5  P6  
             

65,42 127 106 87 109 59 25 49 -30 -30 -27.9 -26.3 -24.5 -24.7 

65,47 128 178 146 96 89 33 3 -3 30 -30 -30 -29.5 -25.5 -24.7 

70,17 20 40 88 98 11444 154 14848 48 -22.3 -23.5 -22.3 -24.7 -26.5 -28.3 

70,22 64 10 46 77 99393 93 148 136 6  -6 6 23.5 -23.5 -23.1 -23.9 -24.5 -27.1 

70,27 98 39 10 18 79 134 107 -24.7 -22.5 -23.1 -23.1 -23.5 -22.3 

70,32 117 73 30 11 27 104 102 -27.1 -23.5 -23.1 -24.7 -24.5 -24.7 

70,37 105 91 71 48 11 66696  87 -30 -27.5 -23.1 -23.9 -25.5 -24.7 

70,42 170 86 767666 88  45 21 38 --3-30 -30030 -2  7.9 -25.5 -25.5 -25.9 

70,47 167 162 97 1111003 84 1777 7 3 -30 0 -30 -30 -28.7 -26.5 -25.9 
  …  … …  …  …       … 

90,47 12229 91 737  737  499499 2 666 -6 30 -30-33303 -28.7 -28.777 7 -28.5 -28.3 

Next tthehehhe a a ntttnteennennananananan  i i s s pupuuttt t ono  one oooof the measureddddd p oint ooooofff ff dad tataaaabase, anaaandd dd ththtthe phase 
poweeerr r level ofofoff tt  hhehehe aaaaannntn ennnnna are mmmmeasured.  Then theheheehe phase aaaaanddd pp p owowowowwwerereerer l l level arrrrere compa
by usingggg thrhrreee  pprorororor possesed formmmululululu aasasa  aas me tntiooneneeeddddd inininin the tthhhehh ory yyy seecttctctioioioii n wwhwhich posi
estiiiimammaamatittiiooon eeeeqququqq atttiioii n (3(33333.1), (3.2) and (3.3).

4.5 EEEExxxxperimmentaaaaaal Methoooodddd 

 The experrrrimmmiments in n n this repport are all performed in oonnnenn  test rororoooooom, using 8 ellllectro
for rrr fofofoururrr m m m meaeaeeaasureeement seeetee upupupupp thhat tht e e eeeele eecccctrododododdes araarare seeet uppup at t the top, topppopp-b-bb-bbotttototototommmm, t top-r
and 4 siddededes ss s s oofofo  the edgeee e of 2DCCC sshheet reseeesspepeeeectiviviviviveellyyy.  FFFor eachhhh  e  xperimmmenenenennntt,t,t, 55ccm and 2.5
intervrvvrvvals arre ee ee mmemememmeasuredded for twooo timmmes ressspppectttiviiivvelellllyyyy in eeacch measasasassuru emmmmmenenenenntt t t step. TThThhT is sec
the deeetaataailililililssss ofofff t ttttheh  expxppperimentaaal mmmethodd iiis descccccrir bbbed thaat the 88888 eleleel ctctctcctroroororodeeeeesssss araa ee ee clipped
the totooop edgeeeee of 2D2D2DDDDC C C shheeeeee t andd ththe posiiiititions are measur ddded fforororo  eveveeveryryryry 55 cmmm mm intervvala .  Fig
4.9 sshshhshhooows tthtt e expeeeperiririririmmemememm ntn alalll ss seteee  up.  However, the otherr eeee eexpxpperrrerimimimimenenenents that nnnon t dededededeesscs ribe 
use thhhe sasasasaammemmm  metttthohhohoh d.ddd   FiFiFFiFFigugugugug rererere 4.1110000 0 shshsshshowowowwoo ss ss thhthee ee meememmemeaasasasuru emmmmmenenenenennt t tt cococoonndnn itittiooioion.nn  
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Fig. 4.9   The experiment set up 

Fig. 4.10   The measurement condition 

The measurement area is 30cm x 30cm with starting point is 60 cm to 90 cm of X-axis 
and 17 cm to 47 cm of Y-axis on 2DC sheet.  First, the antenna is put on the 2DC sheet at 
the starting point (60,17) and the measure button is pressed on the measurement program 
in PC (phase angle measuring device is connected to a measurement PC via USB cable).  
This program shows the phase and the power level information of each measured point, 
the data of each point is gathered by using Microsoft Excel as shown in Figure 4.11.  

FiFFiFig.gggg 444 44.9.9999     TTThTTT e eee exxxxpepepepep ririimemmemementttt s ssset up

FiFiFiFig.g.g.gg. 4 .1100  ThThThhThT eee meememeasasasasuuururememenennt cocococococondndndnditititiiion n n 

The mmmeasuremmment ararareaeaeae  is 300cccmc  x 30cm iwithhh starting pppoint iisii  666000 0 cm ttto 90 cmmmm of X-
and 177 cm to 47 cm of Y-axxiiisii  on 222D22 C shs eet.  Firsst,tt  the aaaantenna is put on the 2DC shee
the starting point (60,17) and the measuuuureereree bb buutton is pressed on the measurement prog
in PC (phase angle measuring device is connected to a measurement PC via USB cab
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Figure 4.12 shows the display window of phase and power level information after 
measured first point.  

Fig. 4.11   Example of gather data in Microsoft Excel

Fig. 4.12   Display window of phase and power level information 

After gather the data of the first point, a measurement step still follows 5cm interval for 
X-axis and Y-axis (e.g. (60,17), (65,22), (70,27), …, (90,47)).  This experiment needs 
two times measurement and a lone period of time (e.g. two hours) for starting a next 
measurement of the second time.   
The longer time of the lone period is better for the experiment because in the short lone 
period of  the second time measurement, it may have had the same condition of first time 
so we can’t get the real result of position estimation.  For the second measurement, the 
same method of the first time measurement is used.  After all data are gathered from 
every point (Both 1st time and 2nd time measurement), the C program is used to calculate 

Figure 4.12 shows the display window of phase and power level information a
measured first point.  

FiFiFiF g. 44.11111. 1 11 1 11    ExExExE aam lpllleeeee ofoffof gg gatataathehheheheer rr daddadattatatat  iiiin nnn MiMiMiiM crcc osofofofoftt t EExExExE ceeellll

FiiiFiF gg.g  444.1. 2  DiDD splalalaaay yy wiwiwiwiindnnnn owwwww oooo of fff phase eeee ananannd dddd popopowwewww r leleleleveel llll inininininnfofofofofoormmmation

Afterrr rr gagaagaathhher the dddddatttaa a aa ofofoffoff tt tthehh  ffffiriirststssttt p p p ppoint, a measurememmmenenenene t stssttsttepepepepepep sss ssstititititit lllllll foloo lows 55555cmmmm iinntnn erval
X-axxxisii  and Y-aaaxxxxix s s (e.g. (6(6(6(6(660,00,0,0,171717111 ),),),), ( ( (( (6566 ,2, 2)2), (7(70,,272777),),), … ……, (9(9(9(9(9(900,000 47)).  TTTTThih s experimmmmem nt ne
two ttimes meaaasa urururureme ennt t t t ananana d d a lololol neneneneen  p p ppperereererioioiooioi ddd d d oofofofo  tttttiimimime (e.ggg.. . twtwtwtwtwo hoooouruuuu s)s)s)s)s  for starttttrtting a n
measuuuremenee t tt oof the seeeecond tititiiime.    
The longer time of the lone pepepeperirirrriooodo  is bbbebb tter for thehehehee e ee exppxpxpxperiment because in the short lt
period of  the second time measurement, it may have had the same condition of first t
so we can’t get the real result of position estimation For the second measurement
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the difference phase result. This program use the information of phase and power level of 
every point to calculate by using 3 formulas which mentioned on the theory section(3.1), 
(3.2) and (3.3).  After we got the phase difference information, the values of phase 
difference are compared to estimate the position.  
            Then graphs are plotted to evaluate the correct position and the result is discussed. 
Figure 4.13 shows an example graph of the result of position estimation.  Furthermore, 
the graphs are plotted to evaluate the correct estimation ratio, average of error distance 
and maximum error distance of each experiment.  Figure 4.14 shows the example of 
correct estimation ratio. 

 17

 22

 27

 32

 37

 42

 47

 60  65  70  75  80  85  90

4.6 Experimental Results and Discussion 

By using the phase and power level information to calculate the phase difference of 
every pairs of neighboring electrodes array that are attached on the edge of 2DC sheet,   
then the graphs are plotted for position estimation result to confirm the accurate position 
of device that placed on the 2DC sheet.  The 2 types of graph are plotted to evaluate the 
position estimation result.  The first type is called arrow graph that shows the accurate 
position and error position of device between first time and second time measurement.  
The second type is called bar graph that shows the information of correct estimation ratio 
in percentage, average of error distance and maximum error distance.  Both of average of 
error distance and maximum error distance are in centimeter.         
        In this section the experimental result of only the experiment which eight electrodes 
array are attached on the top edge of 2DC sheet and measurement step of 5 cm interval 
are shown.  The other experimental results are not described in this section are used the 

Fig. 4.13   Example of position     
                  estimation graph

Fig. 4.14   Example of correct estimation     
                  ratio graph

the difference phase result. This program use the information of phase and power leve
every point to calculate by using 3 formulas which mentioned on the theory section(3
(3.2) and (3.3).  After we got the phaaaaseseseee difference information, the values of ph
difference are compared to estimate theee e poooosition.
            Then graphs are plotted to evaluuluuate thhhe correct position and the result is discus
Figure 4.13 shows an example graphhhh of the rrerr sult of position estimation.  Furtherm
the graphs are plotted to evaluate thhheh  correct eestimation ratio, average of error dista
and maximum error distance of eaeaaach experimmmenee t.  Figure 4.14 shows the example
correct estimation ratio.
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4.6 Expppppeeeeerrrriiiimental RRRRResultsss aand DDiiiissssscccccuussssssssioooonnn 

ByByyyy u u uusisiss ngngngg the pphhhhase and pppowwwer levveeeeel infororrrrmmaamm tionn too calculllu ata e thththththee e ee phphhhasaasaa e didididifferenc
every yyy pairs ofoooo  nneieieighgggg booririring eeelelelll ctctroorodeddd s ararraraaray thattttt arereere aa attttttaacacacheeedd dd onnnnn t  tthhehehhhe eddgddd e of 22DCD  sh
then tttttthehhh  grarararaphs ararrre e ee plplplplpplotooo teeddd d fofoff r position estimation resullullllttttt t tttoto cccconononnoo fififififirmrr  the aaaaccurrrrrataatata e posi
of deeve icccce ee ttht at plaalaaacceccedddd dd onononononn t t t thehehh  2DCDCDDCCC ss s shehehheh etee .  The 2 tt ttypypypypees ooofff ff grgrgrgrgrgrapapapapapaph hh hhh are ee e plpp otted dddd totooo evvvav luate
positititiion estimatttattioioionn nnn resulllt.  T T TTThehehehehehe f f f f firiririrrststst t ttypypypyppe ee e isiss c cc ccallla lelleleed d dd d aaraaa roroooowww graph hhh thhhaata  shows thhhheh  accu
positiiionoo  and eeeerrrrr ororrr p p pposititittiiioi n nn ofooo  ddddevvviciicci e ee bebebbebebetwtwtwtwtwtweeeeeeeennn nn fififirst timememe andnndnn  seccecccooonoo ddd dd time meeaaae surem
The seseecocooconddnddnd ttt tyyypy e is callllled baaaar rrr grapppphhhh ththhththatata  showswwswsw tt thehehehe inforrrrrmationon of corrececectttt esesesestitittit mmmam tion r
in percentage, average of error didididistanceeeee aaandd mm maximmmmmuuumumu  error distance.  Both of averag
error distance and maximum error distance are in centimeter.         

I thi ti th i t l lt f l th i t hi h i ht l t

Fig.. 4.13  EEExE ammmmmmplp e of poososo iiti ion     
                  eeeestimmamm tion ggggrrrraph

Fig. 4.14 4444   Examplllle e off correct eeestimation
                  rrarr tio grapapapappph
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same method of this result.  Those results are shown in the appendix A section as shown 
in figure a-1-a-74.  Furthermore, the comparison tables of the experiment results are 
shown in table a-1-a-18.  The experimental equipments are shown in figures a-75-a-79.  
In appendix B the C program that is used to plot the graph result is shown.  By the way in 
appendix C, my life styles at NICT are shown in figures a-80-a-88. 

Next the graph result of experimental are described that 8 electrodes array are 
attached on the top edge of 2DC sheet and measurement step is 5 cm interval that 
starting with arrow graph result.  First the arrow graphs are plotted to evaluate the 
position estimation result by using three equations of square (3.1), absolute (3.2) and 
square root (3.3) that are mentioned in the theory section.  The graph of three equations 
using three informations separately which phase, power level and summation of phase 
and power level (x 10).  Figure 4.15 shows the result of position estimation using phase 
information with equations of 3.1, 3.2 and 3.3. 

    Fig. 4.15   The position estimation using phase information

Figure 4.15 shows the result that the square root equation is the best when using the 
phase information to evaluate the position estimation.  The square root equation can 
calculate the most of correct positions of device which have 39 points from 49 points.  
The absolute and square equation are the second and third respectively. The absolute 
equation can calculate the correct positions have 38 points and the square root equation 
has 34 points from 49 points.   Figure 4.16 shows the result of position estimation using 
power level information with square, absolute and square root. 

same method of this result.  Those results are shown in the appendix A section as sho
in figure a-1-a-74.  Furthermore, the comparison tables of the experiment results 
shown in table a-1-a-18.  The experimentntntnttala  equipments are shown in figures a-75-a
In appendix B the C program that is usedede  too oo plot the graph result is shown.  By the wa
appendix C, my life styles at NICT areeee shownwnwn in figures a-80-a-88. 

Next the graph result of experrrrimentall ll are described that 8 electrodes array 
attached on the top edge of 2DC sheet and d dd measurement step is 5 cm interval 
starting with arrow graph result.  FFiFF rst the arrror w graphs are plotted to evaluate 
position estimation result by usinnng three equatitiitionoo s of square (3.1), absolute (3.2) 
square root (3.3) that are mentionnonononed in the theoryyyy s ection.  The graph of three equat
using three informations separatatata ely whicicicichh hhhh phase, pppppower level and summation of ph
and power level (x 10)0)0))..  Figureee ee 4.15 sshhhohh wsws t he resuulu t of ppposososo ition estimation using ph
information with equqququationsnsnsnss ooo offff f 3.1,1,1,1, 3 .2 aandddd 3 33 3 .3.

    Fig. 4.111155  TTThTT eee pooositiion eeeeeststststs immmmataaaa ioooonnn ussiingg phasssse informatatatatatioioioion

Figurrere 4.15 shshshshshhows ththththt e result thaaat the sssquareeeee r   ooot eeequation iiiiss ss the e e bbebebeest wheeennn n using
phase iiinformrmmmatattttioioion nnn to eeevaluatatatatate ee thththhhe eeee pooooosisisis tititittionoo  estititititimamamaamatititittionono . .  Thehehehe s sssququququququararararrare e rroroot equation 
calcululululuulataaa e thhhhe moosststststt o o oooff f f coorrrrrrreceee t positions of device which h hahahhh veeeve 33 3 339 9 99 99 pointsssss f rommmm m 4494  poi
The abbbbsosss lululute anddddd s s sququququququarararrree e e equauaaatitittiiononono  are the second d d anananandd d thththththhiririrrrd d dd d d rerr sppppectivelylyyyy. TThThhThee ee abso
equatttitt on can calalllalcuuuulllate ttheheheh  ccccororrroro rererectctcttct p pppositioi ns haveeee 3 333 3888 8 popoooooinininininintstststt  andddd   theeee square rooootoo  equa
has 334 points frfrfrfrommmm 49 popopooinininintstst .   FFFFigggiggurururururu eeee 44.4.4.4.4 161616166 s sssshohohhh wsww tt tthhhhe resessululululult t of pppooosoo itittttioi n estimaaamation u
poweerr r leveel ininnnnformattttioioioion withhhhh squararararee,e,e, a absb olutteee ee annand dd squaarer  roooott.t. 
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Fig. 4.16   The position estimation using power level information

As the mentioned of the result in figure 4.16, the square root equation is the best equation 
that can calculate the most of correct position of device when we use the power level to 
calculate it.  The square root equation can calculate the correct positions have 31 points 
from 49 points.  And the absolute and square equation is still the second and third 
respectively.  The absolute equation can calculate the correct estimation has 38 points and 
the square root equation has 37 points from 49 points.  Figure 4.17 shows the result of 
position estimation using the summation of phase and power level information with 
three equations. 

                 

Fig. 4.17   The position estimation using summation of phase and power level(x 10) 

In this result the absolute equation is the best equation. It can calculate the correct 
position has 44 points from 49 points.  The second and third are square root and square 
equation respectively.  The square root has 43 points and square equation has 40 points.  

Then the arrow graphs are plotted to evaluate the position of device by using phase 
difference between range of input electrode which array 0-7, array 1-6 and array 2-5 as 
show in figure 4.18, the only phase information is used to calculate in square equation. 

Fig. 4.16   The posittitit on estimmmmaataata ion usinnnnng g power level information

As the mentioned ooof f f the rerereresusuuus ltltltltt in fifigure 44.11.1.1.16, the squararare eee rororoot eqququation is the best equa
that can calcuulal te theheee most ofofff c c ccorrro rreerectcttt p p p posssiiiti iooon n n nn ofofofofof d d dddeeve icicicicice whennnn we ussusse e the power leve
calculate itt.. .  The ss ssqquara e e roroorororoootooot eequatioiooonnnn ccacan cacaacalcllcllcculate ththththhe e ee cocococooc rrect tt ppopop sitiionononons have 31 po
from 49 poinininntst .  AAAAAAndndndndnd t theh  absolutuututute and squarereeree equation n isisisi  s  till theeeehe second and t
respectitititiveveveelyyyy... T TThehehehehe a  bbbsbsolllutututututte e equatiiooono  can calculateee tt  he corrererererectcctctc  esttttimiii atiooon nnn haaaah sssss 3833  points 
the sqqqquare roooooot t t eqeqquauauaaattitionnnn has 37 points from 49 pooiooo nts.  FiFFiFiFigugurererre 444 4.1.11.1.17 77 77 7 shss ows ththttt e resul
positionnnn e  sttimatioiooooonn ussiiini g the ssususuuummmmmm attioi n offf pphahahahhahasesesese a nd powowwwwer lllevvellelel i i nfffooormation w
threeeeeee e eqeqeqquuau titiitiononononons. 

 

Figggg.g 4.111711    Theee ee pooop sitiononnn e eeeestststststimiimimmatatatioon usiiing summmatatata ioioioioi n n n ofofofofofof ppppphahahase aaaa ddnddd pp ower lllleveeelll(x 10)

In thiiis resultttt  t he absbsbsbsolo ute eeeqee uatiiionooonn i s the bbebbeststst equatattion. IIIIt tt can caaaalclllculuulate ttttht e cor
position has 44 points from m 49494949 p pp pooints.  The seconnndn  aaandndnddn  third are square root and squ
equation respectively.  The square root hhhas 443 points and square equation has 40 point

Then the arrow graphs are plotted to evaluate the position of device by using ph



�
�

�

�

25

Fig. 4.18   The range of input electrode 

Figure 4.19 shows the result using phase information with square formula in three range 
of input electrode. 

      
         Fig. 4.19   The result using phase and square equation with three patterns of  
                           input electrode  

This result show the best range of input electrode is between array 0-7.  The second is 
array between array 1-6 and the third is array between 2-5.  In array 0-7 can calculate the 
correct position estimation has 34 correct points from 49 points.  The array 1-6 can 
calculate the correct position estimation has 33 correct points and the array 2-5 has 23 
points from 49 points.  

After that the arrow graphs are plotted by using the phase and power level 
information that calculated in square equation.  In this result the weight of power level is 
changed to calculation estimation for 4 patterns.  The weights are 1, 2, 5 and 10 
respectively.  

FiFFF g. 4444.4 18   Thhe raraaangnn e of inputuu  eleeeeccctc rooodededdd  

Figure 4.19 shshhshowwwws s ththththe reesususuusultlltlt uuuusisisiinnngn  phahaahasesee ii infnnffforororrmaam titititioooonno  wwwwwitthh h squaaarererere fffffooooro mumumuula in three ran
of input electctctc rode. 

     
         FFFigigiggig. 4.444 19191999    The rerrr sult usiinng pphase aaaannnd squuuuararaaa ee eqqquattion wititti h hh ththhthrerrereree eee e paaaaattttttttterere nnsnn  of  
                           i i innpnpnpnnputu  eeelellel ctrodddde  

This ressululululultt showwww ttt thehehee b b bbbeseseseese t t t raaaangn e e ofofofofof i iinpnpnppnpn ututtu  e elelleeectctctctroororrorodededede i iis beeebebebetwtwtwtwweeeeeeeen nnn arrrrarararay 0-7.  TTThT ee e secon
array yy between aarararraaaaayy 1-6 annnd dd dd ththththththe e e eee thththhththiririrird d dd isisiss a aa arrrrrrrrrayayay b bbetetete wewewewew eenenee  222222 55-55.  In arrrrrarrr y y y 0-7 can caaallculate
correcccct positioooon eeeststssts imiimatattation n hahhhh s 343434344 cccororororrererere tcttctc p ppppoio nts frommm 44 49 9999 poinnininntttstt . T  he arraaaaya  1-6 
calculullattattateeee thhthhthee e correct positionnn estimimimim tttatioioion has ss s 333333 ccccorrecctctctc  pointts and thhhe ararrararayy 22-5 has
points from 49 points.

After that the arrow graphs are plotted by using the phase and power l
i f i h l l d i i hi l h i h f l
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Figure 4.20 shows the phase result by using square equation with the four weights of 
level. 

   

             Fig. 4.20   The phase information result with 4 times of k 
                                           (where k is the weight of level) 

Figure 4.20 shows that 4 weights of power level can calculate the correct position equally 
as well.  The weights 1, 2, 5 and 10 can calculate the correct position have 34 points 
from 49 points. 

After the arrow graphs have already plotted, the bar graphs are plotted to evaluate 
the correct estimation ratio, average of error distance and maximum error distance. 

First the correct estimation ratio, average of error distance and maximum error 
distance are evaluated by using three equations that mentioned in the theory section (3.1, 
3.2, 3.3).  The graph of three equations using three information which phase, power level 
and summation of phase and power level(x10) separately.  Figures 4.21 and 4.22 show 
the correction estimation ratio of phase and power level information respectively with 
equations 3.1, 3.2 and 3.3. 

Figure 4.20 shows the phase result by using square equation with the four weight
level. 

                Fig. 4.22202    TTTTheee phhhase iini fofofofoormrmrrmatatatattionnn n resuuult wwith hh 4 44 times ofoffoff k k k kk  
                                             (whhherree k is tttthhhe wwwweiiiighghghghght offf leevel)

Figure 4.20 shshs owowws s s s thatattt 4   weiiiiighghghgg tsts oo ooof pooooowewewewer rrr level ll cccac n nnnn cacacalclclculuuuu atttee ee thhee e ee cocococoorrrrr eccct position equ
as wwwweleleleeell.  ThThThThe weeeigigiggighthhththts s ss 1,1 2 2 2 2, ,, 5 and 10 can calculate theeee c c ccorrereerectctctct pp p positionn nnn haveveveeve 34 po
frommm 4 9999 9 popopop ints.

After the aaaraa roooow graphshshshshs h h hhhhavavavave ee ee alaalready yyyy plpp otteeeed,dd,d, tt t thehehhe b bbb bbarararar graphhhhs ararare plotted tttototo evalu
the coorrect estiimamamam tittion ratatatatioioioio, avererrragaagagge e ee ofofofofofof eeeerrrrrrrrrrrororororoor dddddiiiisi tatance and d d mamamamamaximuummm mm ererererror distannnnce. 

Firsst thhthee eee correcttt estimmamm tionn r rrratatataatioioio, averrerereragagageee of errrrror disisisi tttatance anannnddd d mamamamamaxiixiiximmum m e
distance are evaluated by usinininngggg ththththree eqqqqquatioono s thhatatatata mm mmeeentioned in the theory section (
3.2, 3.3).  The graph of three equations using three information which phase, power l
and summation of phase and power level(x10) separately Figures 4 21 and 4 22 sh
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Fig. 4.22   The correct estimation  
                  ratio using power level 

.

The results of correct estimation ratio of phase and power level information show the best 
equation to calculate the position estimation is square root equation.  By using the phase 
information the correct estimation ratio of square root is 79.59%, the absolute equation is 
77.55% and square equation is 69.39%.  By using the power level information the correct 
estimation ratio of square root is 83.67%, the absolute equation is 77.55% and square 
equation is 75.51%.  Figure 4.23 shows the correction estimation ratio using summation 
of phase and power level (x10) with square(3.1), absolute(3.2) and square root(3.3) 
equation.  Figure 4.24 shows the average of error distance using phase information with 
square(3.1), absolute(3.2) and square root(3.3) equation. 

Fig. 4.21   The correct estimation ratio    
                  using phase information

Fig. 4.23   The correct estimation ratio    
                  using summation information  
                  of phase + (level (x 10)) 

Fig. 4.24   The average of error distance  
                  using phase information 

Fiiigg.gg 4.22   The correct estimation 
                  raraaaatitittitio using power level

The results  ooofo  corrrrerer ct eesttsttimmimimimmaataaatioioii n ratiiiiooo o foffof phhahaaseseesee a a aanddd powowowwererererr ll lllevee el iiiiinfnffnfnformaaaatittition show the 
equation to cacaaalcl ulatatttate ee ee ththhheee e position eeeeestimation is sssssquqqq are roott eeeeququququuation.   BBBBy using the ph
informmatataatioioioon tthththe ee cocococooc rrreect t t esesesessstit mationnnn ratio of square rrroot is 777779.9.9.9 5955 %,%%%%  the aaaabsbbbsololollolututuuute equatio
77.55%5%5%% and ssququququq ararre eeqeqee uaaaattit on is 696996 .39%.  By using tthttt e poweeweeeer lelelevevevvel lll ininininininfoffofofoormrr ationnnn n the cor
estimatitiioonoo  rrataa io oooooff ff squuuare root tt isisisis 888 833.3 6767%,% t thehhhe aaaaabsbsbsbsoolooo ute eqqquuuau tioononon ii iiis s 7777777 .5555%5%5%5% and squ
equauauauatititionnonon is 7575757575.511%11 .  FFFFFFigure 4.23 shows the correction estimmmmmata ion nn raraararr titiitio o usinining gggg summa
of phase aaandndndndnd pppppowerrrr level (x10)))) wwwwititiithhhh squaaarerreree(3(333.1.1),)  absolute(e((e(e(3.2) aandndndndndd s quare rror ot(
equatitittiooonoo .  Figuuure 4....222422  showss ttt hhheh  average of error didididistststststance usinngnn  phhhah se infororrmmmmmatit on w
square(((3( .111),)),, abbsbssoluutuu e(3.2) aaaaannndn  square root(3.3) equation..

Fig. 4.21   The correct estimatiiion ratio   
                  using phhhp aaasa e inininnformmmmmation

Fig. 4.23   The correct estimation ratio   
using summation information

Fig. 4.24   The average of error distanc
using phase information
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The result of the correct estimation ratio using the summation of phase and power level 
(x10) shows the absolute is the best equation that has the correct estimation ratio is 
89.80%.  The square root and square has 87.76% and 81.61% of correct estimation ratio 
respectively.  In figure 4.24 the result shows the average of error distance with three 
equations, the square equation has 5.67 cm, the absolute equation has 5.45 cm and the 
square root equation has 5.5 cm of the average error distance.   Figures 4.25 and 4.26 
show the average of error distance using power level information and summation 
information of phase and power level(x10)  respectively with equation 3.1, 3.2 and 3.3.  

The graph result of the average error distance using power level information shows the 
square equation has the highest average error distance which 8.6 cm, the absolute 
equation is 8.48 cm and the square root is 8.27 cm.  By using the summation of phase and 
power level (x10) the average error distance of square is 6.67 cm, the absolute equation is 
7 cm and the square root equation is 6.67 cm.  Figures 4.27 and 4.28 show the maximum 
error distance using phase and power level information respectively with equation 3.1, 
3.2 and 3.3. 

Fig. 4.25   The average of error distance  
                  using power level information 

    Fig. 4.26   The average of error distance  
                      using summation information 
                      of phase + (level (x10))  

The result of the correct estimation ratio using the summation of phase and power l
(x10) shows the absolute is the best equation that has the correct estimation rati
89.80%.  The square root and square hassss 878888 .76% and 81.61% of correct estimation r
respectively.  In figure 4.24 the resultttt s hohooows the average of error distance with th
equations, the square equation has 5.666667 cmmm,, , the absolute equation has 5.45 cm and
square root equation has 5.5 cm of thehehehe averagegegeg  error distance.   Figures 4.25 and 4
show the average of error distancccec  using pppppower level information and summa
information of phase and power levvvvelee (x10)  resppepep ctively with equation 3.1, 3.2 and 3.

The grapapapph hhhhh rererereesuss lt of thhhhe averaggge eerror didddiistttttanananana ceceeee u uuuussinggg poower lllllevel infffffororororrrmammmam titit on shows
squaaarrerrr  equatatataatioioioioioion haas s sss the highhesst averraaaaage erereere roorr disstannce whhihhhih ch 88888 66.6.66  cm, thheheeh  abso
equatiiionnonnon iii isss s 8.484848488 c m anananand the sqqqquuau rrre root is 8.27 7 cmcmcm.  BBBy uusing thththhhhe susususuummmmmmmmatatatatatioiioioionnn oofoo  phase 
poweweweer level ll (x10000) ) ) )) thththththe e avvvvereeee age error distance of square is 6.6767676  cccm,m,m,m, tt theh  absbsbsbb olute eqee uatio
7 cmmmmm aaandnnn  ttthhheh  squaraarre e eee rorororoootooo  equqquuuatata ion is 6.67 cm.  Figuressess 4444 44.227 7 7 ananananndd dd 444.4 28 shoooow ww thhhhhee e maxim
errorr diststststtaanaa ce ussisis ngngng ppphahahahhhaseseses  aaaaandnn  ppowowwwwerererrre ll leveveeveleellel iii inffnfnnfnfoorormmatiiiionononononon r rr reesesespppectctctiviviveleeee y withthhh  equuuuation 
3.2 annnd 3.3. 

Fig. 4.22522    The aaverrrraagaaa e of errrrrooroo  distance  
                  uuuusinnggg g poooower levevevel information 

    Fig. 4.26222622    The avvvveraggge of errooor distanc
                      using susussuummmmmmattttiooiooionn ininnnnfofofofoformrr atio
                      oofoo  phaseseee +++ +  (level (x10)))))  
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In figure 4.27 show the result that square, absolute and square root equation has equally 
maximum error distance that is 10 cm.  The figure 4.28 show result of the maximum error 
distance using the power level information which the square, absolute and square root 
equation has equally maximum error distance that is 11.18 cm.  Figure 4.29 show the 
maximum error distance using the summation information of phase and power level(x10) 
with equation 3.1, 3.2 and 3.3. 

                                       

                                     Fig. 4.29   The maximum error distance of phase +  
                                                       (level x 10) information using 3 equations        

The graph result of the maximum error distance using the summation of phase and power 
level (x10) show the square, absolute and square root equation has the equally maximum 
error distance that is 10 cm. 

Fig. 4.27   The maximum error distance  
                  using phase information 

Fig. 4.28   The maximum error distance  
                  using power level 

In figure 4..22272  shohohooww w thhe rerereeresusususussultlttl  thhat sqsqsqsquuuauarrre, abbaabbabsosossoolute aandndndnd s s sssqqquququare rororoooto  eququuuuation has equ
maximum errorororor diststttstanananaannceceee that is 10  ccccmc .  The figururururre 4.28 shoow ww w w rerrrer sult of fff tttht e maximum e
distancececece u u uusiinngnn  ttttttheheheheheh  p powwwererererrr level innnfn ormation whicchchch the squqququuquararaa e, a absolutututute anannanand dd square 
equatititiion has eeeeququuqq ala lylylylyy mmmmaaxa imumm error distance thaataaa  is 11..111118 cmcmcmcm. .  F FF FFFigiigigiggure 4.222922  show
maximuumm mm errrrorr r didiiiisstss anccce using ttttheheheheh  sumu matition iii iinfnfnfnfnforororormmammm tion ooooof phhhaasaa e annanannd dd pooowwer level(x
withthhh eee equuquqquatioiooionnnn n 3.11,11  3.2 and 3.3.

                                       

                                     Fig. 44.4.4.4 29   ThThThThee eee mam ximummumumummm eree ror dddistancecece o oof phassssee ee ++ +  
                                                       (leveeell ll x 1000) infoooormrmrrmrmatattatioioioii n using 3 equations        

The graph result of the maximum error distance using the summation of phase and pow

Fig. 4.27   The maximum errooorr r distanccece  
                  using phphhphp ase ininiinfoormrmrmrmrmation 

Fig. 44.44 28   The maximum error distanc
                   uusinng gg gg power level 
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            Next,  the bar graphs are plotted  to evaluate the correct estimation ratio, average 
error distance and maximum error distance using three information which phase, power 
level and summation of phase and power level (x10) separately with three ranges of the 
input electrode.  Figures 4.30 and 4.31 show the correct estimation ratio using phase and 
power level information with the three ranges of input electrode.  

In this result, the correct estimation ratio of the phase and power level information in 
electrode array 0-7 is the best range that has the highest correction ratio.  By using the 
phase information the electrode array 0-7 has the correct estimation ratio is 69.39%. The 
electrode array 1-6 is 63.27% and electrode array 2-5 is 44.90%.  By using the power 
level the electrode array 0-7 has 75.51% of the correct estimation ratio.  The electrode 
array 1-6 is 65.31% and electrode array 2-5 is 53.06%.  Figure 4.32 shows the correct 
estimation ratio using the summation information of phase and power level(x10) in the  
input electrode which array0-7, array1-6 and array2-5.  Figure 4.33 shows the average of 
error distance using phase information in range of input electrode which array0-7, array1-
6 and array2-5.   

Fig. 4.30   The correct estimation ratio  
                  using phase information

Fig. 4.31 The correct estimation ratio      
               using phase information�

            Next,  the bar graphs are plotted  to evaluate the correct estimation ratio, avera
error distance and maximum error distance using three information which phase, powe
level and summation of phase and powerrrr ll lleeveee el (x10) separately with three ranges of th
input electrode.  Figures 4.30 and 4.31 sshshs owwww the correct estimation ratio using phase a
power level information with the threee  rrrangeees ss of input electrode.  

In this result, tttht e cccococc rrect esssstitimation ratio of the phassse eee and pooooweww r leveevel l innformation
ellecececcectrrtrrtr dododo e aarrayy y 0--77 77 is thee bbbb est range that has the higheststt c orrecttcttttioii nnn ratiiio.  ByByByByy u u using
phhhhase informatioiioioionn n the elllleeecccce trtrtrododododo eee ararararrarararray yyyy 0-0-0-00 77 hahhhh s thththththe e ee cocoocorrrrrr ececccct tttt esesesstimationoonnonon ratio is 69.33399%9 . 
electroddddde ararararararrrrray 1-6 is 666663.222272 %%% annnd eleleelelecccctrtrtrtrtrododddee eee arrrrarar y 222-5 is 44444.4444 90%.  ByByByByByBy uuu u usiiiinnng the po
level thhhhee ee ellellelelecececececctrode arrrrar y 0-7 hhhass 75.51%1%% ooooof thththttheeee e corrrrect estiimmmmam tion rrrratatatattioiioioioio.  TTTTheh  electr
array y y 1-6 is 666665.55.5.5.313 % aaanaa d electrroodeee array 222-5 isssss 5 3..06%%%.  Figurerereere 4 .32 2222 ssshs ows tttht e cor
estimaaatiitition rrratta ioiooioioo usinggg t he sumummummmamaaaatitit on iiiiinfnfnfnfnforoo matitititiiooon oooooff phhphhhasaa e aannannd d popopopoppowwwewww r r r llleleveveell(l(l(x10) in
inpuuuut ttt electrrrrooodo e whwhwhhhwhicicicicicch h arrrararararay0yy -7, array1-6 and array2-5.  FiiFiFigguguggg reeee 4 4 4 44.33.33. 3 33 showwwws the aavaa erag
errorrrr dididiists annnce usingngg p pp ppphahahahahasessese infnffforororrmamm tion in range of inppnpnpututtutu  eeeleleeectctctctctrorororrooddded  which aaaaarrrrr ayayyy0--0-7, arra
6 anddd dd arraraaay2-5.   

Fig.g 4...3030330   TTTThT e e ee correeececee t estimation ratio 
                  ussiining phphhhaase informatioonnnn

Fig. 4.31 Thhhhee eeee corrrrrececccce t t t t eseesesttimmmation ratio 
               usinnnnnnggggg phaaaaasseee i ii iinfnnfnfnn ormatioononon



�
�

�

�

31

In figure 4.32 the graph result show that the correct estimation ratio by using the 
summation information of phase and power level(x10).  The electrode array 0-7 has the 
highest correct estimation ratio that is 81.63%, the electrode array 1-6 is 79.59% and the 
electrode array is 65.31%.  The graph result in figure 4.33 shows the result average error 
distance by using the phase information that electrode array 0-7 is 5.67 cm, the electrode 
array is 5.83 cm and the electrode array 2-5 is 10.33 cm.  Figures 4.34 and 4.35 show the 
average error distance using power level and the summation information of phase and 
power level(x 10) in range of input electrode which array0-7, array1-6 and array2-5.   

Fig. 4.32   The correct estimation ratio  
                  using phase + (level(x10)) 

Fig. 4.33   The average of error distance 
                  using phase information

  Fig. 4.34   The average error distance  
������������������������using power level 

 Fig. 4.35   The average error distance      
                   using phase + (level(x10)) 

In figure 4.3232323  theheee g g g g graaar pphp  result sssshs ow that thheee ee correct eseesesstititit mmmmam tion rrrratio by using 
summatatatatioioioon nnn ininini foooormrmrmrmrmrmattioionn n ooofofoo  phase aand power levelellel(x( 10).  ThThThTThhe eee elelllleectrodddeeee e arararararrararraray yyy 0-7 has
highesesesest correccccctttt t ese tiimmmmam tiiooonoo  ratio tttt thhah t is 81.63%, the ee electrodddddde arararrrararay y yy 1-1-1-11-6 6666 is 79.555955 % and
electroddeee e arrrararaay yyy iss 66665.3111%.  The ee gggrgraphh result in fifiifiguguguuurrrerr  4.33 sshshshshowws sss thhhee e rererereresuuulltlt average e
disttttstanaananceccee by usususu ingg gg the pphp ase information that electrode array 00000-7 iss 5.55555 6766767 cm,m,,, t tt thehehhe ee electr
arrar y is 5.888883 3 3 3 cmmmmm and tthe electrodee aaa arrrrrray 2-5 i iis 10101010.3.3.3.333 3 cm.  Figururrres 4...33. 4 444 anaanana d 4.35 sssshow
averagee ee error dddid stannnnnance usingggg p p power level and the sumumummmmmation iiiinforrrrmation oooffff phase 
poweeerrr llel vevevev l(ll(x 11101 ) iinii  rangee ooof input electrode which array0y0yyyy0-7, arraraararaay1-6-  aaaandndnnddn  arrrrrrrrayayayy2-5.  

Fig. 4.32   The cccoc rrect ttt esessese titititiimamm tiittionoo  ratioooo   
                   usuu ing phppp ase + (l(l(l( eveeeve elelelel(x(x( 10101010100)))))))  

Fig. 4.4.4.3333    Thhe avaaa erage of error distan
                   usinininng phase information

Fig 4 34 The average error distance Fig 4 35 The average error distance
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The graph result of the average error distance using power level and the summation 
information of phase and power level(x10) shows the range of input electrode array 2-5 
has the highest average of error distance which 9.87 cm and 7.59 cm respectively.   
By using the phase information, the average of error distance of the electrode array 0-7 is 
8.6 cm and the electrode array 1-6 is 8.94 cm.  By using the summation of phase and 
power level(x10) the input electrode array 0-7 is 6.67cm and the input electrode array 1-6 
is 7cm.  Figures 4.36 and 4.37 show the maximum error distance using phase and power 
level information in the three range of electrode array respectively. 

The maximum error distance result using the both information of phase and power level, 
the input electrode array 2-5 has the highest error distance that is 25.5 cm and 35.36 cm 
respectively.  By using phase information only, the input electrode array 0-7 and 1-6 has 
equally maximum error distance that is 10 cm.  By using power level information, the 
input electrode array 0-7 has the maximum error distance is 11.18 cm and input electrode 
array 1-6 is 20 cm.   Figure 4.38 shows the maximum error distance using the summation 
information of phase and power level(x10) in the three ranges of input electrode which 
array0-7, array1-6 and array2-5. 

Fig. 4.36   The maximum error distance  
           using phase information 

 Fig. 4.37   The maximum error distance  
                   using power level information

The graph result of the average error distance using power level and the summa
information of phase and power level(x10) shows the range of input electrode array 
has the highest average of error distance whwhwww ich 9.87 cm and 7.59 cm respectively.  
By using the phase information, the aveeere agee ee of error distance of the electrode array 0-
8.6 cm and the electrode array 1-6 is s 8.94 cm.  By using the summation of phase 
power level(x10) the input electrode aaaarray 0-7777 is 6.67cm and the input electrode array
is 7cm.  Figures 4.36 and 4.37 showww w the maximmmmum m error distance using phase and po
level information in the three range e of electrode array respectively. 

Thhe maxixixiximumumumumum m error dissstss annnnnccec  rrresuuult usuuuu innnng g gg g thhhhhe eeee booothth innnforrrmatitiiiionoo  of phassssse e e e anaaa d dd d d power le
the inpupupupuutt t elelllelelecececececctrode arrrararay 2-5 hhhas the higgghhesesesesst ererereerrorrooror diistannce thhhahh t is 25..5.5 5 5 555 cccmcmc  aa aand 35.36
respeece tivelyyyyy. . BB BBB By usinninni g phase iinffoformatioioooon onnnnnlylylylyy, tthhe iinpuut electrtttrt ode ararraa rrarararay 0-7 aaana d 1-6
equallllyyy mamamamaxixx mumummumum m errororoor distanananancee t tthat issisi  1110 cmmmm.. . ..  Byyy yy usssing popopopooweweweeer r r rr leleleleleevevevev l l l iiiniinfofforrrmr ation,
inpuuuut t tt electrooodo e arararrrarararaayy yyy y 0-7 777 hahhh s the maximum error distance iiiisss 111 1.1.1188 88 8 cm annndn  inputututuut electr
arrayyy yyy 1-1-1--6 isisis 20 cm.   FiFiFiFFiFigugugugugg re 4444 3.3.338 8 shows the maximum m m m eeerrroororr r dididididd stststts aaana ce usinggggg theee ssssumma
inforrmmmrmatioiioioion of ppppphhahassse aandndndnd pppppoowowowowere  llevv lelllle (((x(x101010)))) iiin tthheh  tttthrhrrhrh eeeeeeeeeee   rr ranaa ges ofofof  iiinput elelelelectrrrooode wh
array0y00-7, array11y1y1-66666 and arrrrrrrayay22-2-22 5.5.5.. 

Fig. 4.36   TTThT e mmamamm ximum eeree ror distance  
           uuuusingngngng phase iiiiinformation 

 Fig. 4.44 37333    The mmamm xiimmmum errroor distanc
                   using ppppppowwwwer lllevevevve ell iiiinfnfnfnnforoo mat
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Fig. 4.38   The maximum error distance  

                                 using phase+(power level(x 10))

In this graph result, the input electrode array 2-5 has the highest error distance that is 
15.81 cm.  The input electrode array 0-7 and 1-6 has the equally maximum error distance 
that is 10 cm.  

The  last result of the bar graph is the graph to evaluate the correct estimation, 
average of error distance and maximum error distance of equations 3.1, 3.2 and 3.3 
separately by using the information of  phase, power level and four weight of power level 
which k=1, k=2, k=5 and k=10.  Figures 4.39 and 4.40 show the correct estimation ratio 
and the average error distance of square equation respectively. 

Fig. 4.39   The correct estimation ratio of  
  square equation 

Fig. 4.40   The average of error distance   
of square equation

                                       
FiFiFiFiFiggg.gg  4.38   The eee e maximum mm ere rooorr r diststtttanaaa ce 

                                     u u u uusiinnng ppppphhahhasseseeses +(++(+ popopooowew r levvvev l(x 10))

In this graphh hh resultttt, ,, thhhthheee e inii put elecccccttrode array 22-222 5 has thhhhe e hihihhighgggg est errrrrrror distance tha
15.81 cmcmcm.  TTThhehh  iiiiinpnpnpnpn ututututt eeleeeectctcccc rode arrrrray 0-7 and 1-6 hhhas the eeeeeququququallyyyyy maximimimummmm e e error dista
that is s s s 10 cm.  

ThThThThe eee  last t reessuss lt oooof the babaaar r grgrgrgraapapa hhhh h iiiisis tthhehheehe gg gg grarararar pphphphhp  to evvaaala uatetetee t thehhehehehe ccorrereerecct estimat
averee agggge e ofoff eeeeeerrrrrrr orrrr distaaaaaannce and maximum error distance of fffff equaaaaatiitititionononono sss 3.1,11  3.2 and 
sepppap ratelyy b bbb byyy yy usssiing thhhthe information ofofoof  phpphpphasssasa eeee,e  p pppower level andddddd f  our rr weweeeweweigigigigigighth  of powwwer l
whhhhiiicicichhhh k=kk 1, k=22222, k==55 5 and k=1001010.  Figures 4.39 and d 444.4.4044  show thththhthe coooorrect estitiimamamammatititt on r
and thee avvvereerageeee errroror r distannnnccce of square equation respecccctititttt vely. 
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In the graph result of figure 4.39, the weight of power level that k=10 has the highest 
correct estimation ratio that is 81.63%.  The second is the level and the weight that k=5 
has the equally correct estimation ratio that is 75.51%.  The correct estimation using 
phase is 69.39%, the weight is k=1 is 67.35% and k=2 is 71.43%.  The graph result in 
figure 4.40, power level has the highest average error distance that is 8.6 cm.  The 
average error distance using phase is 5.67 cm, the weight that k=1 is 5.63cm, k=2 is 
5.71cm, k=5 is 5.83cm and k=10 is 6.67 cm .  Figure 4.41 shows the maximum error 
distance of square equation.  Figure 4.42 shows the correct estimation ratio of absolute 
equation. 

The graph result of figure 4.41 shows the maximum error distance of the square equation 
that the power level has the highest error distance that is 11.18 cm.  The phase, the weight 
that k=1, k=2, k=5 and k=10 has the equally maximum of error distance that is 10 cm.  
The graph result in figure 4.42 show the correct estimation ratio of the absolute equation 
which the weight that k=10 has the highest correct estimation ratio that is 89.80%.  The 
phase, power level and weight that k=1 has the equally correct estimation ratio that is 
77.55%.  The weight that k=2 has the correct ratio is 79.59 and k=5 is 87.76%.  Figures 
4.43 and 4.44 show the average error distance and maximum error distance of absolute 
equation respectively. 

Fig. 4.41   The maximum error distance   
                  of square equation

�

Fig. 4.42   The correct estimation ratio of 
                  absolute equation

In the graph result of figure 4.39, the weight of power level that k=10 has the hig
correct estimation ratio that is 81.63%.  The second is the level and the weight that 
has the equally correct estimation ratioooo t t ttthah t is 75.51%.  The correct estimation u
phase is 69.39%, the weight is k=1 is 66766 .33335% and k=2 is 71.43%.  The graph resu
figure 4.40, power level has the higggghhhehh st aaavevv rage error distance that is 8.6 cm.  
average error distance using phase iiiiss s 5.67 ccccm, the weight that k=1 is 5.63cm, k=
5.71cm, k=5 is 5.83cm and k=10 isss s 6.67 cm .  Figure 4.41 shows the maximum e
distance of square equation.  Figurrrer  4.42 showwws the correct estimation ratio of abso
equation. 

The ggrgrgg aph rererereresusususult of fiiiggug re 4.4111 shhhows thhhheee mamamaaximmmummum erroor distttana ce oooof f fff thththhtht e squaaarerrer  equa
that thheh  p p pp powowoowwereerr levell hhhhas the higgheeest errororrr distannnncn eee thaaat iss 11.18 ccm. ..  T T TT Thehhhh  ppppphahhhh seeee, the we
that kk=1, k=====2, kkk=5=55=5 anddd k =10 0000 hahass tthtt e eqequuuually mammaxiiiiimmumummm offf ee rrororororo   ddisiisi tannncnn e that is 10 
The grgrrgrgg aph rrerr sult iiiiinn n nn fififfififigugugugg ree 444 4.4.42 show the correct estimattataattioioioioii nn raararratitiiit o o o oo ofo  the aaaabsbbb oluututuu eee equa
whicchh h ththhthhee e e weighththththt t t thahahaaat ttt k=k=k=k=k=k=101011  h as ttt tthehehehehe h h higigighest c corroororrererrerectctctc  eststtimimimimatatatatatatioioioioioonn nnn raaatitititio o that iiiis ss 88898 .8880%.  
phaseeee, power leeeve elelelele  and weieieieieighghghghghght t t t thththhthhatataat k k kk=1=1 h  hhhasasas t tt hhhhe ee eqeqeqqquuauuu llllllllllyyy correccct ttt essstimation raaatio tha
77.555%55 .  The wwwweieieighghgghg t ththhhata kk k=2===  hhhhasss tt ttthehehehe c cccororoorrrrerrererectctcttctt r atio is 797979 555.59 9999 and d kkk=kk=5 is 87.76%%%.%%   Figu
4.43 aaanddnddnd 444 4 444.44444 4 show the averrarr ge eeeerrrrrroroororo  d d istanncncncee anananand maaaaaxixx mum m error dididii tstststanaananancececcec oo oof abso
equation respectively. 

FiFiFiiFigggg.g. 444.4 4111   Thhhhe mmamm ximummmm error distance   
                  of sssssqquq are eqqqqquuuauaaatititiononon

Fig. 4.42   The corrrrrrrrrectt estitit mmmmatitiiiiononononon r r ratio 
                   abababa solutee eeeqquq ation
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Fig. 4.46   The average of error distance  
                  of square root equation

Fig. 4.45   The correct estimation ratio  
                  of square root equation

 Fig. 4.43   The average error distance of  
                   absolute equation

The result of average error distance using absolute equation, the power level has the 
highest average error distance that is 8.48 cm.  The phase and weight that k=1 has the 
equally average of error distance that is 5.45 cm.  The average error distance of weight 
that k=2 is 5.5cm, k=5 is 7.5cm and k=10 is 7cm.  Figures 4.45 and 4.46 show the 
correct estimation ratio and average error distance using square root equation. 

The graph result of the correct estimation ratio using square root equation in figure 4.45, 
the weight that k=1, k=2, k=5 and k=10 has the equally of correct estimation ratio that is 
87.76%.  The correct estimation ratio of phase is 79.59% and power level is 83.67%.   
The graph result in figure 4.46 show the average error distance of square root equation 

Fig. 4.44   The maximum error distance of 
                  absolute equation

Fig. 4.4666   ThThThThThe eee averererereraageee e of error dddistanc
                   of squq are rootottot e eequqquququatataata ioioioion

Fig.... 4.45   Thhhhe cococooorrrr eccctttt estititimammm tititiionnn rrratatatatioioioioio   
                  oofoo  square root eqqquqq atioooonnn

 Fig. 4.43   The averagagagage eee error dddidd stancee  o of f   
                   absolututte e equaaaaatitittit onono

The result oooof averaggge e eee errerere rorrror r distannnnccec  using absbssbssolute eqeqqqquauauauauatitiionononon, the poooowwweww r level has 
highest averagagage ererrrrrororooror r rrr rr didiststss ana ce thaaatt is 8.48 cm.  TThe phaaasess  aaandndnd weigghght that k=1 has
equalllyyy y avereereerage ee ofofofofo  errrrrroror distancee ee that is 5.45 cm.  The avvvverrragagaa e erererrrrorrroror dididididistannccecc  of we
that kkk=2=2==2 is 5.5c5c5c5c5c5cmm,mmm, kkkk=5 iiiis 7.5cmmmmmm and d d k=kk=k=k=10110101010 iiii issss 7c7c7c7c7cm.m   Figureeereees 4.4.4.4 455454  a a aand 4.444. 666 show 
correct eesesesesstiimamamamamatitt onnn ratiooooo and average error distance usu ing squaaaaare rooooooot eqeqeqeqequauuuu tititiion. 

The graph result of the correct estimation ratio using square root equation in figure 4

Fig. 44..4. 4   TThThThe eee mammm ximum error distance
                   absooollulute equation
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that the power level has the highest average error distance that is 8.27 cm.  The average 
error distance of phase is 5.50 cm, the k=2 is 7.5 cm and the weight that k=1, 
k=5 and k=10 has the equally average error distance that is 6.67 cm.   
Figure 4.47 shows the maximum error distance of square root equation. 

Fig. 4.47   The maximum error distance of square root 

The graph result of maximum error distance using square root equation, the power level 
has the highest maximum error distance that is 11.18cm but the information of phase, the 
weight that k=1, k=2, k=5 and k=10 has equally maximum error distance that is 10 cm. 

�

that the power level has the highest average error distance that is 8.27 cm.  The aver
error distance of phase is 5.50 cm, the k=2 is 7.5 cm and the weight that k
k=5 and k=10 has the equally average errrrroororoo  distance that is 6.67 cm.  
Figure 4.47 shows the maximum error ddidid staanaa ce of square root equation. 

FFiFFig.g.g.gg  4.44.447   Thee mmam ximum error ddididiistance oooof sqsqsqquaaau rerererere r r rr rooooooo t 

The grg apppapph h rerereeer sususss lt of mmaamamm ximum error distance using square rooooooot eququququuatatataa ioiioioionnn, tttthehh  power l
hasss s the highghghghgheeese t mmam ximmumm m error distanannnceececce tt thahaahattt t isisisiss 1 1.18cm but tthhehhhh  infffffoorooo mamamammamatitt on of pphphphase,
weeigigigigghthththt t hat k=111,11  k==2=2=2, k=5 and d d kkkk=10 has equally mamamaaxixx mum errrrrorr r ddidiidistance thaahahatttt iisii  10 



Chapter 5 
Experimental Conclusion 

5.1 Concluding Remarks 

In this report, the position estimation is developed by using the phase difference of 
upon receiving pilot signal between input electrodes in two-dimensional communication. 
The developed system aims to precisely estimate the position of device placed on the 
2DC sheet.  The experimental result revealed that 80% position points can be estimated 
without error for any situations by using the summation of phase and power level(x10) 
with square equation which is the best use to precisely estimate the position of 
device placed on the 2DC sheet.

5.2 Experimental Conclusion

In the case that input electrodes are clipped on the top of 2DC sheet and 
measurement step is 5cm, the result revealed that 70% position point can be estimated 
without error by using the summation of phase and power level(x10) with square root 
equation.  In the case of number of input electrode array, the result revealed that 80% 
position points can be estimated without error by using the summation of phase and 
power level (x10) and the number of input array is 0-7. 

5.3 Recommendations 

�    This experiment needs a long lone period of time between the first measurement 
and second measurement. The more time of the lone period is better for the 
experiment because in the short lone period, it maybe have the same condition of 
first time so we can’t get the real result of position estimation. 

�    While measuring it should be made sure that an antenna and electrode must come 
in contact with the 2DC sheet. 

�    Measuring method for every experiment should be same. 
�    There must be nothing placed on the 2DC sheet except antenna.     

�

Chapter 5 
Experimennnntal Conclusion 

5.1 Concluding Remarks 

In this report, the position estimmmmation is dddddeveloped by using the phase differenc
upon receiving pilot signal betweenn nn input electrrrodes in two-dimensional communicat
The developed system aims to prrer cisely estimaatata e the position of device placed on
2DC sheet.  The experimental reessssult revealed thaaat tt 80% position points can be estim
without error for any situations  by usingg g g ththtt e summmmmmmation of phase and power level(x
with square equation wwhich is the bbbeb stt use to precisselelee y estimate the position
device placed on theeeh  2DCCCC s s s heheeheheetee .

5.2 Experrrriiimentttal CCCCoooonnnnncccccllusionnnn

InInInn ttttheeheheh  casasassse e e e e thatatat i i iiinpn ut eleleeectrodes are cllipipippped onnnn ttttthehhh  topopoppp oooffff f 2D2DD2D2DC CCC sheet 
measuuruurement ttt ststststss epeep iiiisss 5cccccmm, the rrrrrreeese ult revevealaa ed that tttt 70% popooooositiiiononono  p  ppppoioioioio ntnnn  can bbbe estim
without eeereee rorooor r r by uuusinggggg the summmmmmmation of phase annnnd powerr rr leveeeel(l x1x1x1x10)0)0)0)0)0  w wwith square 
equuauauau tititioononn.  In nn theee e caseeee of number of input electrode array, tttthhehh  resssssuluu t rererererevealalalala edeedeed tt that 8
poosis tion pppoioioioioinntnn s ss can bbe estimateddeddd ww wiiithout errorrrr b b bbby yy yy using the e ee summmmmmmmm atatatatatioiioi n of pphhhahh se 
power lell vel (x11101 ) anannanand the nuuuummmbm er of input array is 0-777777. 

5.33333 Recommeeeennndatiooooonnnnnssss 

�   TT TTThihiiis ss ss exexexe perimeeeentn  needss a llong loooonnne ppppere ioioioiooddd off timme betwtwtween thhthththe ee e fffifirst mememeeasurem
annnd d seseseeecond mmmmeasuremmmenntt. The mmmore tttimmme ooof tthe lonnne ee pepepeeeriririiododooo  iis beeeettttt er for 
expeeeerirrrr mementnttn  becccauaa se iiin nnnn ththee e shsss orrrrrt ttt lolololonenn  perrriioioiiod,ddd  iiiittt mamamamamaybbbee ee hahaaaavevevevevev  tttthhehhhh  ssssame conditio
firssstt tt time ssssso o o o wewewwewe canannn’ttt get the real result of positiooooonnn n n essstitiit mamamamamatititittition.

���    WWWWWhhhile meaeaeaeaeasuuuurririririr ngngngngngg i i i t ttt shouuuuuldldldldld b b bbe e made sure e thththhatatatata  an n  ananananananteteteeet nnnnnnnnnnnna annannd electrtrtrrodddde mmmum st co
in contaccctcc  wwwwwith thhhe 2D2D2D2D2DC C CCCC shshshhsheeeeeeet.tt. 

�    Measurririringggg m m m mmethohohood ddd fofofoor everrry yyy exexexxxppepepeperriririirimemememem ntnnnn  shoh uld bebebe saaaama e. 
�   TTTT Theeheeherererere must be nothinnngnn  plaaaccececeddddd onono  the 22222DCDCDC s heet eeexcepttt antenna.     
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Chapter 6 
Possible Applications 

6.1 Introduction 

The position estimation using phase difference of electrode array for two-
dimensional (2D) communication system can be applied to new communication 
technology for digital-specific multimedia service [7].  In recent years, multimedia data 
have explosively increased in the web environment for education, investigation and 
exploration.  At the same time, augment reality research has paid a great attention to 
providing views and contents in a real setting to enhance the perception of environments 
and spaces.  A basic function position aware display is demanded in such system for 
many application. 

Position indexing has been realized on normal computer screen by reading various 
input devices.  However, such systems are not sufficient for indexing detail from 
a large map or hierarchical maps. 
 To develop a new communication technology, the researchers [7] construct a 
platform on which users can watch details just as a magnificent by touching a special 
sheet.  The new communication technology that complements wired and wireless 
communications, a special physical medium has been developed to perform both data and 
power transmission inside 2DC sheet.  Through a connector put on the top of 2DC sheet, 
an electromagnetic proximity connection is obtained to receive and send the 
electromagnetic signals, while moving the connector mounted device away from the 
sheet disconnects the transmission.  The signal transmission covers a wide surface or on 
partitioned surfaces to facilitate information transmission and visualization.  The system 
are designed and built, can enlarge details at a location or show related media data 
without directing viewer’s focus to separated screens or windows.  The system has a 
function of magnifier or scope to pin-point locations with a small display on surface.  By 
placing a small high-resolution LCD on the sheet, we will be able to see position specific 
information and media detailed in resolution in contrast to a global map laid on the 
surface.  The platform can look into 2D or even 3D space by touching the surface sheet 
with a small display. 

6.2 Digital Scope System on the Sheet 

The Position detection adds another dimension to the platform so that it can work as 
human-computer interface in a larger space than a computer screen with touch panel.   
A large and coarse level map is overlaid on the communication sheet or is projected onto 
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withouuut tt t diddidid rerrr ctctcttininii g viiiewewee er’s foocusss to seeppppparated dddd ssccreeeens or winnnnndooowswswwsws.. . T T TTThehhehhe s  yysyy tem ha
funcctittt on of mmmmam gngnnififfififieieier orrrr s  cope t to pin-poiint locatittiitions iiwithhhth aaaa s smaaallllllll  dddisisi plaaayaa  on suurface. 
placinininni g ggg a ssmsmsmall hiiiighghghghhg -r-r-r--r-reesesese ollututututioioioon LCD on the sheet, we wwwwwwililililii l l beeebe aa aablblblblee to see pppposittitttioiioioioion spec
inforrmrmatatattioioioioon and d d mmemeediddidididia a aaa dedededdetataat iledddd iii iinnn nn rerereeer sosoosolulutittiiiononnonn inininin connnntrtrrtrasasaasaa tttt tt ttototot  a g gglololol bal mamamapp p laaaaid on 
surfacaccace.  The plplpllatttfoffofof rm cannn llllloooooooooo kk kkkk inininninintotototo 2 22D DDDD oroororor e e evevevevv n n n n 3D3D3D3DD s papace by tooooucuuu hhhih ng the surrrface sh
with aaaa small ddiiisi pllayayayayy. .

6.2 Digital Scope System oonn the SSSShhhheeeeeeet 
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it, and the small display device is placed on the sheet.  The printed map has no influence 
on the electromagnetic wave.  The map overlaid on the sheet can be an atlas of world, 
city, convention site, exhibition room, human body, etc.  The map can also be a table of 
item as brief index of categories.  Such a map or table can cover a large area or a big 
collection that a normal PC screen has insufficient resolution to include.  For example, a 
street view can be displayed according to the position and orientation of the scope display 
on a road map.  Moving a scope display along a street in the map will update the street 
view in it.  This setting can benefit virtual navigation in large city, which is not flexible 
on a normal PC window that displays only a limited part of map and corresponding street 
view side-by-side.

       Fig. 6.1   Digital scope on a 2D communication sheet to view media  
                       contents at indicated location in an atlas 

�

it, and the small display device is placed on the sheet.  The printed map has no influe
on the electromagnetic wave.  The map overlaid on the sheet can be an atlas of wo
city, convention site, exhibition room, huuuummmamm n body, etc.  The map can also be a tabl
item as brief index of categories.  Suchhchch a map or table can cover a large area or a
collection that a normal PC screen hassss insuffffiff cient resolution to include.  For exampl
street view can be displayed accordingnggg to the ppopp sition and orientation of the scope disp
on a road map.  Moving a scope dissssplay alonggggg a street in the map will update the st
view in it.  This setting can benefiitt t t virtual naviiigag tion in large city, which is not flex
on a normal PC window that displllaaya s only a limiiiitett d part of map and corresponding st
view side-by-side.

        FF F Figi . 6.1  DDiDD gital sccopppe on aa 22222DDD DD cooooommmmmmuniiicattion shshshshheet to vvvieieieieew ww w w mmmedia  
                        contentss at iindicatettteed looocacc tititiitiooon innn ann atlas 
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 The remaining experimental result that input electrodes are clipped on the top, top-
right, top-bottom and 4 sides of the 2DC sheet and measurement step are 2.5cm and 5cm 
interval.  
 First, the experimental result that eight input electrodes are clipped on the top of 
2DC sheet and the measurement step of 2.5 cm are shown. 

 
Figure a-1   The experiment set up 

Figure a-2   The measurement condition and  
                          measurement step is 2.5 cm interval 

 The remaining experimental result that input electrodes are clipped on the top, 
right, top-bottom and 4 sides of the 2DC sheet and measurement step are 2.5cm and 5
interval.  
 First, the experimental result thattt eigigigght input electrodes are clipped on the top
2DC sheet and the measurement step ooofff fff 2.5 cmcc  are shown. 

Figurereerer aa a-1   The expererererrimimimimment set up 



� 43

�
�

 Figure a-3  The correction estimation ratio of phase, power level and summation                 
                of  phase and power level(x10) information with equations 3.1, 3.2 and 3.3 

 Figure a-4   The average error distance of phase, power level and summation of     
                          phase and power level(x10) information with equations 3.1, 3.2 and 3.3 

 Figurrrreee a-aa-a--3333  ThThThThThThee ee cooorrrrreeeccee tion eststststimation ratio ooofof phaseee,, , , popoppp wer r leveeeeellll aanaandd dd summa
                 ofooo   phphphphhaseeee e and poowwwewww r level(l(l(((x1xx10))) inforrrrmation wwwwwwithhh h eqeqeqequauauaauuatititiit oono s 3.1,1,1, 3.2 and

 Figure a-4   The average error distance of phase, power level and summation
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Figure a-5   The maximum error distance of phase, power level and summation of 
                     phase and power level(x10) information with equations 3.1, 3.2 and 3.3�

�

Figure a-6  The correct estimation of phase, power level and summation of phase 
                       and power level(x10) information in the three ranges of the input electrode 

Figureeee a aa-5-5--55  T TThehehehehee mm m mm aximimmuuuumumu  error d dddistance of phaseseee, , power rrr leleleleevvevvv l l aand suummmmmmmmmmatataatatioiii n of 
                     ppppphahahhh se aaaaannd pppppower levevevveevel(x10) ) informatiooooon with eeeeequatataatioooionsnnsnsnss 3 3 333.1. , 3.2 aanand 3.3
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Figure a-7  The average error distance of phase, power level and summation of  
                        phase and power level(x10) information in the three ranges of the input  
                        electrode 

�
�

  Figure a-8  The maximum error distance of phase, power level and summation of 
                         phase and power level(x10) information in the three ranges of the input  
                         electrode 

Figure a-7  ThhThhe e avavaavava ereragagagagge error distance of pphphphp ase, powowowererer lllevel and summation
                        phphphphphasaaa e aaandddd power llevel(x10) informmmam tion innn n thththhthe thhhrerereeree ee raaaannnges  oof the in
                        eeleee eccccttrtrt oddeeee e

  Figure a-8  The maximum error distance of phase, power level and summation
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Figure a-9  The correct estimation ratio, average of error distance and maximum 
                       error distance of square equation by using the information of  phase, power  
                       level and four weight of power level which k=1, k=2, k=5 and k=10     

Figure a-10 The correct estimation ratio, average of error distance and maximum 
                       error distance of absolute equation by using the information of  phase, 
                       power level and four weight of power level which k=1, k=2, k=5 and k=10 
                  �

Figure a-9  Thhhe e cocococcorrr ecect estimaaaattition ratio, avvveereee age off errrrrrr ooro  distaaaannce and maxim
                       eerrrrrrrrrrororororo  disissttatannnnce of sqququq are equation by y yy usu ing thhhhhhe iniiini formmmmata ioooon nnnn fffoof  phppp ase, po
                       llllleveeee elell a aanddd  ffour weeiigigigi ht ooff f f poopoopop wewewwwerr rr lell vel whwww ich k=k=k==k==1, kkkk=2=2=22, ,, k=k=kkk==5 and d kk=kk 10     

Figure a-10 The correct estimation ratio, average of error distance and maxim
di t f b l t ti b i th i f ti f h
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Figure a-11 The correct estimation ratio, average of error distance and maximum  
                       error distance of square root equation by using the information of  phase,  
                       power level and four weight of power level which k=1, k=2, k=5 and k=10 
�

 Next, the experimental result that input electrodes are clipped on the top and right 
of 2DC sheet and the measurement step of 2.5cm and 5cm respectively are shown.  It is 
starting with experimental result of 2.5cm interval. 

Figure a-12   The experiment set up 

Figureee a a a a-11111 TT TTThehehehehe cccororrererectccctcc  estimaatata ion ratio, aveeerarr ge of ffff ereerererror r r distannnncec  aaaaandnn  maxim
                       eerrrrr oooro  dddddiiistaaaaance of ssssquare root equatiooooon by usssisisinggg t  thehehehe i ii iinfnfnfnfnfnforoooo mationononoon of  ph
                       powwwwwweere  levevvel and ffffououououo rrr r wwwew iigightht o of ff popoooopowewewewwew rr r r level whwwhhwhich k=kk=k=1,1,11,1  kkk kk=2,, , kk=k=k 5 and k=

 Nexxtt,t,t  tt ttthhehh  eeeexperrrimi ental resultt tt thahahahattt iiniinpupupupuputttt elelelelece trodes are cccccclillll ppededdded ooooon nnnn tht e top aand r
of 2222DCDCDCDCDC sheet aaaaanndn  thhhehh  measureeemmmem nt step of 2.5cm andndndnd 5cm ressppeppp ctivvivively are shhshhshoowown.  
startingggg wwwititth hh exxxxpeririririmental rrrrreeese ult of 2.5cm interval. 
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     Figure a-13   The measurement condition and  
                                                            measurement step is 2.5 cm interval 

Figure a-14  The correction estimation ratio of phase, power level and summation  
                         of phase and power level(x10) information with equations 3.1, 3.2 and 3.3

                                 
     F F iigigiigure a-111311    The measuremmmem nt connnndididiiittittition aaandndndndnd   
                                                                  memememmemeasasasasasasuruuurururememememme enee t stsss ep is 2.22.22.2.5 cmmmm iiiintntntnterereree val
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 Figure a-15  The average error distance of phase, power level and summation of  
                           phase and power level(x10) information with equations 3.1, 3.2 and 3.3 

Figure a-16  The maximum error distance of phase, power level and summation of                
                         phase and power level(x10) information with equations 3.1, 3.2 and 3.3 

 Figurrreeee a-a-aa-1515151   ThThThThThT e avavvererrrrraga e erroooor distance of pphphp ase, ppowowowwowere  llevel aaaaandndnddnd ss ssumuuu mation
                            p ahahaaase aaaaand powweeerere  level(x10) informmmmmation wwiwwiwwith eeeequququuataatatatioioioioionsnn  3.1, 333.3 2 and 3
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  Figure a-17  The correct estimation of phase, power level and summation of    
                             phase and power level(x10) information in the three ranges of the input  
                             electrode 

 Figure a-18   The average error distance of phase, power level and summation of  
                            phase and power level(x10) information in the three ranges of the input  
                            electrode 

  Figureeree a -1117777  hThThThheeee ee cocococooorrr ect esssttitt mation of phhhhhasa e, pooooowwewwwwer leleleelevel anaa d sususssummation
                            p phahahah se aaand powwewewew r level(x10) infororrrrmationn ii n thththhe thththhhhrererereree ee rangesssss o f the in
                             eeeeellel ctrrror de 

Figure a-18 The average error distance of phase power level and summation
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Figure a-19   The maximum error distance of phase, power level and summation of  
                          phase and power level(x10) information in the three ranges of the input  

        electrode 

Figure a-20  The correct estimation ratio, average of error distance and maximum  
                         error distance of square equation by using the information of  phase, 
                         power level and four weight of power level which k=1, k=2, k=5 and    

       k=10                  

Figureeeere a 11-119999   TTTTThhhhe mmmaxxximi um eeeerrrrr or distance of pppphase, pppop wwewew r lelelevevevvvel anananandddd suuuummation
                          phhaasasa e anananana d powweerereer levvvvelelelelel(xx(x((x( 10101010100)))) ) ininininnfofofoormmataaa ion inn ttttthhe ththththrererer e e e ee rararar nges oooofff the inpu

         ellelelectroodooo e 

Figure a-20 The correct estimation ratio, average of error distance and maxim
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Figure a-21 The correct estimation ratio, average of error distance and maximum  
                       error distance of absolute equation by using the information of  phase,    
                       power level and four weight of power level which k=1, k=2, k=5 and k=10 
        

Figure a-22 The correct estimation ratio, average of error distance and maximum  
                       error distance of square root equation by using the information of  phase,  
                       power level and four weight of power level which k=1, k=2, k=5 and k=10 

Figure a-21 Thehhh  cccccooororoo reeeectcct estimatatation ratio, aveveeeerar ge of ff erroror r distananance and maxim
                       eerrrrrrorororo  dddisisistaaaance of aaaabsolute equationnnn by usinininii g g thtt e e inininninfofoformationnn n of  ph
                      pp pppoowoowweeree  levvvvvel and fffffoouour wewewewewew iggigigighthththththt oo o offff f popopopopopowewew rrr r level wwwhwww ich hhh k=k=k==k 1,1111 k k=2, , k=k=k==k 55 and k=
        

Figure a-22 The correct estimation ratio average of error distance and maxim
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Next, the experimental result of 5cm interval is shown. 

�
�

         
    Figure a-23   The measurement condition and 
                                                    measurement step is 5 cm interval 

Figure a-24   The correction estimation ratio of phase, power level and summation of 
                        phase and power level(x10) information with equations 3.1, 3.2 and 3.3 
                           

Next, the experimental result of 5cm interval is shown. 

        
    FFFiFF gure aa---2-2- 3   Thee m mmeasuremmmem nt connndddiddd tionononn aaaandndndndndn  
                                                    measurement t sttststteep is 5 cmcmmm intnttteree vavavavaal lllll
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  Figure a-25  The average error distance of phase, power level and summation of  
                           phase and power level(x10) information with equations 3.1, 3.2 and 3.3 

 Figure a-26  The maximum error distance of phase, power level and summation of    
                          phase and power level(x10) information with equations 3.1, 3.2 and3.3 

  Figuuuurrre a 22-25  ThThThThTT e aaaveeree age errrrror r distance of pphhphase, ppoowowo ereer lllevevevvvveleleleel andd suuumumu mation
                           pphahahahh se aaaaand powwwweere  lllevvevvevveleelelell(xx(xx(x(x10100101010))) ) ininnininnfofofffformrmmmata ion wiwiiwiwiith eeeququququatatatatttioioioioi ns 3.1111, 333.2 and 3
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   Figure a-27   The correct estimation of phase, power level and summation of phase and 
          power level(x10) information in the three ranges of the input electrode          
                     

      
Figure a-28   The average error distance of phase, power level and summation of  
                           phase and power level(x10) information in the three ranges of the input  
                           electrode

   Figuuuruu e a-aa 22227   TT TTThhheh  cccooorrrerect estimmmmation of phase, popooower levevevev l lll ananaa d sususuusummmmmmm ataaatiion ofooo  phase 
          poowwew r lllel vel(x110)0)0)0)0  inffnfnfnforooroorormamamamamamatitttititiononononno  i i i n thhhhe three e rangggesesses o oooofff f the innnnppupup t electr
                     

      
Figure a-28   The average error distance of phase, power level and summation
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Figure a-29    The maximum error distance of phase, power level and summation of      
                        phase and power level(x10) information in the three ranges of the input  

     electrode 
                                             

Figure a-30    The correct estimation ratio, average of error distance and maximum error 
                       distance of square equation by using the information of phase, power level 
       and four weight of power level which k=1, k=2, k=5 and k=10 
                        

Figure a-29    ThhThhe eeee mamammamam xiximumumm m errorr r distance of phhhhhhasa e, powewewer leleleveveel and ddd summation of   
                        phphphphphasaaa e aananddd d power lelelelevel(x10) informamaaation in thththtt e eee tht reeee e e rarrrar nggggeees of fff the inpu

    ee eeelelll ctctttrrror deeeee 
                                             

Figure a-30    The correct estimation ratio, average of error distance and maximum er
distance of square equation by using the information of phase, power le
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   Figure a-31  The correct estimation ratio, average of error distance and maximum  
                   error distance of absolute equation by using the information of  phase,  
           power level and four weight of power level which k=1, k=2, k=5, k=10     

Figure a-32 The correct estimation ratio, average of error distance and maximum 
                       error distance of square root equation by using the information of  phase,  
                       power level and four weight of power level which k=1, k=2, k=5 and k=10   

     
   Figurururu e a-a--a-a 33313   ThThThTThT e cococorrrrrrrrrrect estiimmmam tion ratio, avvvereee age ofoffff eeeeerrrrrr or d ddisiii tancncncncnceeee e annnnd maxim
                      errrrrooor dddddisi tance ooofoo  absolutuuteee eqqquationononn by usssininiiii g ththththe eee ninininini fofofofof rmatiooonnn of  ph
           ppppowerrrer level andndnddd four weight of poowwwew r level ll whiciccch hh k=k=k=k=1,11,1  kkk===2, k=5, k=

Figure a-32 The correct estimation ratio, average of error distance and maxim
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 Next the experimental result that input electrodes are clipped on the top and bottom 
of 2DC sheet and the measurement steps of 2.5cm and 5cm respectively are shown. It is  
starting with experimental result of 2.5cm interval. 

�
�

Figure a-33   The experiment set up 

                                Figure a-34   The measurement condition and  
                                                       measurement step is 2.5 cm interval 

 Next the experimental result that input electrodes are clipped on the top and bot
of 2DC sheet and the measurement steps of 2.5cm and 5cm respectively are shown. 
starting with experimental result of 2.5cmmmm iinterval. 

Figuuurereree a aaa 33-3-3-33333333  TTTT TThhhhhehe eee eeexpxpxpxpxxperereeerimimimimment seet ttttt up 
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Figure a-35    The correction estimation ratio of phase, power level and summation of  
       phase and power level(x10) information with equations 3.1, 3.2 and 3.3 
           

 Figure a-36  The average error distance of phase, power level and summation of  
                    phase and power level(x10) information with equations 3.1, 3.2 and 3.3 

Figureeee a 33-335555    ThThThThTheee e coorrrrrrececcction estimimimi ation ratio of pppphhah se, poooooweweweeer rr levevevel l l l and dddd sssusus mmmmmmmmation o
       pp pppphahhhaseseese andndndndnd powerrr levelell(x((x((x1010101010))))) ) ininini fof rmmmataaa ion wiwiiiiithttt  eeeququququatatatatioiioioionnns 3.1, , 33.2 and
           

Figure a-36 The average error distance of phase power level and summation
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Figure a-37  The maximum error distance of phase, power level and summation of  
        phase and power level(x10) information with equations 3.1, 3.2 and 3.3 

Figure a-38  The correct estimation of phase, power level and summation of  
           phase and power level(x10) information in the three ranges of the input  
           electrode 

Figureeee a aa-3-3--337777  ThThThThThThee eee maaaxixiximmmmumm m errrroror distance of phphpp ase, ppppowowowwower level aaaaandndndndnd ss ssumuuu mation
        phphphp asseeee e annddd power r lel vel(x10))) informaaaaatit on wittttth hhhh eqqqquauauatitititiononononono s sss 3.1, 3.2222 and 3.

Figure a-38  The correct estimation of phase, power level and summation
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Figure a-39  The average error distance of phase, power level and summation of phase 
       and power level(x10) information in the three ranges of the input electrode 

Figure a-40  The maximum error distance of phase, power level and summation of phase 
      and power level(x10) information in the three ranges of the input electrode 
          

Figurererere a-33339999  ThThhhThe eee e avvvaveeeraaggge error ddidd stance of phase,e,,,, powerr ll evvveleee  aaandndndndndn  s ssumu matititiiion of ph
       aaandndd p p p powwwweeere  level(x(xxxx(x1010010))) ininininini fffoformrm tattatatioiooioioonnnnnn ininin tttttheh  threeeeeeee rannngegegegesss ofo  the iiiinnpnpn ut electr

Figure a-40 The maximum error distance of phase power level and summation of ph
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Figure a-41  The correct estimation ratio, average of error distance and maximum error 
       distance of square equation by using the information of  phase, power level 
        and four weight of power level which k=1, k=2, k=5 and k=10 

Figure a-42  The correct estimation ratio, average of error distance and maximum error 
               distance of absolute equation by using the information of  phase, power 
                       level and four weight of power level which k=1, k=2, k=5 and k=10   
                          
         

      
Figure a-41  ThT e cococoococorrrrrr ecece t estimatiioooono  ratio, averaaagaage of errororrrr d d ddisisiii tance ananaana d maximum e
       dddddisisisissi tatttatance e ofofofofff square eeeqe uation by usinnng ggg the infofofofoformrmrmrmattttiiioii n offf  phphphphp asasasasase,e,e,, power l
        ananaa ddd d fofofooour wwwweight offoff power level whichchchhch k=1, kk=kkkk 2,2  k k k=5=5=55=5 a aaaandndnnnd k=10

Figure a-42  The correct estimation ratiiio, average of error distance and maximum e
distance of absolute equation by using the information of phase, power
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Figure a-43   The correct estimation ratio, average of error distance and maximum  
                   error distance of square root equation by using the information of  phase,  
                   power level and four weight of power level which k=1, k=2, k=5, k=10�

Next the experimental result of 5cm interval is shown. 

                                   
                                 Figure a-44    The measurement condition and 
                                                         measurement step is 5 cm interval 

Figuree aa -4333   T TTTThehehee ccorrrorrererrrr ct estimmmmation ratio, avvveverage of ff ff eree roor r r rr distananance aaaaandnn  maxim
                    eee eerrrrrorororoo  disisisistance offff square root equatattttion by uuuusingngngg t heheheehe ii i iinfnnfnfnforo matiiooonoo  of  ph
                    pppppoowoo errrr level andndndd f fffououououurrr r weweiiiigighhhththt oooofff fff popopopop wwweww r level l lll l whicicicch hhh k=kk=k=k=k=1,, k=2=2=22, k=5, k=

Neeeexxtx  the eexppxpxppeerimmmentaaal l result of 5cm ininiinteeteteterrvrrvalalalala iii iissss shshown. 
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Figure a-45  The correction estimation ratio of phase, power level and summation of  
                phase and power level(x10) information with equations 3.1, 3.2 and 3.3 

 Figure a-46 The average error distance of phase, power level and summation of  
        phase and power level(x10) information with equations 3.1, 3.2 and 3.3   

Figurereree a-45   ThThThTT e ccccorrrrreeeece tion eessststs imation n rarratio of pppphase, popopooooweeer rrr leleleleveveveevvel llll and suuummmation
                  phhhhaaase annnand power rr lllelevel(x10) informaattittition with hhhh equaaaatitt onnnnnsssss s 3.333 1,,,, 3.2 and 3.3
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Figure a-47 The maximum error distance of phase, power level and summation of 
                       phase and power level(x10) information with equations 3.1, 3.2 and 3.3 

Figure a-48    The correct estimation of phase, power level and summation of phase and 
                        power level(x10) information in the three ranges of the input electrode                                

Figurrer  a-47 TTTThehhee mmmmmaximimimi um errrrrrror distance of phahhhh se, pooooooweew r rrr leleleeveveveveev lll l l anaa d suuummmmm ation
                      pphaaasssess  andnddd powerr llllevevevev lellell(((x(x1010) ) ini fofformrmmmmatatatatiioiooion withh eeeequatatatttioiiionsnsnss 3 3 3 .1. ,, , 333.3 2 and 3.3
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  Figure a-49   The average error distance of phase, power level and summation of  
            phase and power level(x10) information in the three ranges of the input  
                    electrode 

Figure a-50  The maximum error distance of phase, power level and summation of  
                 phase and power level(x10) information in the three ranges of the input  
                 electrode 

  Figuuuurrrer  aa 444-49   T T TThee aavveverage errrrrrrror distance of pppphase, popoop wewewew r leleevevevevevel l anananandddd d suuuummation
            phphhhp ase e and powwwewww r leleeevevveveveel((l((l((x1x1x1x1x10)0))0)0) i ii iinfn orrmammm tion iiiiiinn nnn thhhe e e thtththrerererreeeee e ranggesesesse o of the in
                      eeelectrtrtrtrrode
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Figure a-51  The correct estimation ratio, average of error distance and maximum  
                 error distance of square equation by using the information of  phase, 
         power level and four weight of power level which k=1, k=2, k=5, k=10 
          

Figure a-52   The correct estimation ratio, average of error distance and maximum  
                   error distance of absolute equation by using the information of  phase,  
                   power level and four weight of power level which k=1, k=2, k=5, k=10 

Figureeee a aaa-5-5-5551111  ThThThThThThe eee cooorrrrrreeececee t estimmmam tion ratio, aveeererage offff eeerrrrrrrrror d disisiistancncncncnceeeee annnnd maxim
                  e e errorooror disssssttance offffff square eqeqeqqquauu tion byyy y using thhthththhe inininnfoofoformrmrmmmmatatatta ioii n of   phpp ase, 
         poooower lllevel anddddd ff four weight of poowwwew r levell ll whicicicich k=k=k=k==k 1,111  kkk=2, k=5, k
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Figure a-53  The correct estimation ratio, average of error distance and maximum  
                 error distance of square root equation by using the information of  phase,  
                 power level and four weight of power level which k=1, k=2, k=5, k=10 

 Next the experimental result that input electrodes are clipped at the 4 sides of 2DC 
sheet and the measurement steps of 2.5cm and 5cm respectively are shown. It is starting 
with experimental result of 2.5cm interval. 

�
�

Figure a-54   The experiment set up 

Figurereerere a-55555333  ThThThThhThee e cococorrrrrect estimmmam tion ratio, avererrerage offf errrrrroroo  ddddisisisisisi tatatattaance annnd dddd maxim
                ee eerrroooroo  disisssistance offfofff sququququuararararara eeee e rorororororoototoootot eee ee eququququququata ioooon n by usisiisis ng ttthehehehe ii iiiinfnfnffnn ormaatititit ooono  of  ph
                    ppppooowo err ll level and four weight of power level wwhwww ich hhh k=k==k=kk 1,1,1,1,1  kkkk=2=2=22, k=5, k=1

 NNNNext thththhe eeexee peerrririmental ressssululululultt that input electtrorooodeddd s are clipippppped ata  tthhe 4 sidddddesseseses of 2
sheet aannd d thtthe mmmmeassssuuuruuu ement sststs eps of 2.5cm and 5cm ressspeppppp ctivelyyy y areee e showowowowwn.. It is star
wiwiwiithththhth experiimennnnntal l l result oooooffff 2.5cm interval.
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                                      Figure a-55   The measurement condition and  
                                                             measurement step is 2.5 cm interval 

Figure a-56   The correction estimation ratio of phase, power level and summation of  
                       phase and power level(x10) information with equations 3.1, 3.2 and 3.3 

                                      FFFiFF gure aaaa-5- 5   The measurememmmm nt connonnnnditititiionnonon a a aaandndndndndnd  
                                                             measureememeeentntnntnt sssstep is 222.5..  cmm mm iinnteteteervrvrvrr al 
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Figure a-57  The average error distance of phase, power level and summation of  
                  phase and power level(x10) information with equations 3.1, 3.2 and 3.3 

Figure a-58  The maximum error distance of phase, power level and summation of  
                 phase and power level(x10) information with equations 3.1, 3.2 and 3.3 

Figurereree a-57   ThThhT e eee aveeeere age errrrrorr r distananncecc  of phhhhhase, powowowwwwer l eveevevvelelelelle  aaa nd sumumummation
                    phphphphhase aana d poweeeerrr llel vel(x10) informamamamation wititth hhh equuauu tiiionononnnnsss ss 3..1, 3.2 and 3
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Figure a-59 The correct estimation of phase, power level and summation of phase  
               and power level(x10) information in the three ranges of the input electrode 

Figure a-60   The average error distance of phase, power level and summation of  
                   phase and power level(x10) information in the three ranges of the input  
                   electrode 

Figureeeere a-555559999 TTTheheheeheh c orororrereccct estimaaata ion of phase, pppop wer leleleleveeeel ll annnd d d dd sus mmmmmm atioioioion of ph
               aa aaandndnnn  pp pppoweeeree  level(xx(xxxx10) )) inininininfoofoffoormrmrmrmrmatattatatioioioioion n in ttthe threeeeeeee rannngegegeges ss ofooffoof the inpnpnppuut electr

h di f h l l d i
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Figure a-61   The maximum error distance of phase, power level and summation of  
                  phase and power level(x10) information in the three ranges of the input  
                  electrode 

Figure a-62  The correct estimation ratio, average of error distance and maximum  
                 error distance of square equation by using the information of phase,     
                         power level and four weight of power level which k=1, k=2, k=5, k=10                             

Figureeee a aa-6-6-6-661111   TTTTTThehehhh  mmmaxaxaxxximimiii um errrrrror distance offf pphase, poppopop wewwww r r level anananananddddd ssususuummation
                  phhasasasasse aananaa d poweeeeweerr level(x10) informmmmam tion iinnn nnn thhhe eee thththhrererereree ee ee rarr nges oof the in
                  elellleectroodode

Fi 62 Th i i i f di d i
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Figure a-63  The correct estimation ratio, average of error distance and maximum  
                 error distance of absolute equation by using the information of  phase,  
                 power level and four weight of power level which k=1, k=2, k=5, k=10 

Figure a-64  The correct estimation ratio, average of error distance and maximum  
                 error distance of square root equation by using the information of  phase,  
                 power level and four weight of power level which k=1, k=2, k=5, k=10

Figuree aa-6333   ThhThThTThe ee cococcccorrrrrrececeeee t estimamamam tion ratio, avvvereeee age offff e e  errorrr d  istaaancnn e anand maxim
                  eeerrrrrrrrr ororr d ddissssttatt nce offfff absolute equationonnnn by ussiinini g g ththe e e ininininini foffofformr atioonn nnn of  ph
                p powwwowwer lllleeeve el andddd f f fouououourrrr r wwwewweweiiiigighththhhtht o oofffff f popopoppopoweweweweew r level l wwhwwww iccch h hh k=k=k=kk=k=1,1,, k=2222, kkk=k 5, k=1

Figure a-64  The correct estimation ratio, average of error distance and maxim
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At last, the experimental result of 5cm interval is shown. 

                                   
                                 Figure a-65   The measurement condition and  
                                                        measurement step is 5 cm interval 

Figure a-66    The correction estimation ratio of phase, power level and summation of  
                  phase and power level(x10) information with equations 3.1, 3.2 and 3.3  

At last, the experimental result of 5cm interval is shown. 

                                   
                                  Figigigiigure a-6565555   The measurementttnt conditioonooo  andndndnd 
                                                        measurement step is 5 cm iiiintnn ervvvavaall 
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Figure a-67   The average error distance of phase, power level and summation of  
                   phase and power level(x10) information with equations 3.1, 3.2 and 3.3 

Figure a-68   The maximum error distance of phase, power level and summation of  
                  phase and power level(x10) information with equations 3.1, 3.2 and 3.3 

Figurrer  a-67    T TTT eheheee avevevev rage errrrrr or distance of phahhhh se, pooooooweew r r rr leleleeveveveveev lll l l anaa d suuummmmm ation
                   ppppphhahh se  aand powwwwerererere ll llevvell(x( 1010) ) ininfoffoffoformrmrmrmrmataaa ion wiiiiwithttt  eququququ tatatioioioonsnsnnn  333 111.1, 3.2 and 3
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Figure a-69    The correct estimation of phase, power level and summation of phase  
                and power level(x10) information in the three ranges of the input electrode 

Figure a-70   The average error distance of phase, power level and summation of  
                   phase and power level(x10) information in the three ranges of the input  
                   electrode 

Figureeee aa a-6-6-699     ThThThThThThe eee cocorrrrececcecct t estimatititition of phase, poowowower leveleleleel aaa a andn  sssssummamaaatittiononononon oo o of phase  
                ananna ddd d popopopp weeeer level((xx1xx 0) information inn nnn the threeeeeee e raaaangngngngesesesesss o oo oof ff ff the inpppuput electr



� 77

Figure a-71   The maximum error distance of phase, power level and summation of  
                  phase and power level(x10) information in the three ranges of the input  
                  electrode 

Figure a-72    The correct estimation ratio, average of error distance and maximum error 
                 distance of square equation by using the information of  phase, power- 
                         level and four weight of power level which k=1, k=2, k=5, k=10 

Figureeeere a-77771111   TTTTThhheh  mmmaxxximum eeeerrrrr or distance of pppphase, pppop wwewew r lelelevevevvvel anananandd suuuummation
                   phhaaasa e aaaana d poweweeeeer leevevevevevel(l(ll(l(x1xx1x1x1x10)000)0)0) iii ii nfnfnfnn ormmmmation inn nnnn the e thththhrerereeeeeee ee rangesesese  of the in
                  ellelelectrooodoo e 
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Figure a-73  The correct estimation ratio, average of error distance and maximum  
                 error distance of absolute equation by using the information of  phase,  
                 power level and four weight of power level which k=1, k=2, k=5, k=10 

Figure a-74  The correct estimation ratio, average of error distance and maximum  
                 error distance of square root equation by using the information of  phase,  
                 power level and four weight of power level which k=1, k=2, k=5, k=10

Figureeee a-7-7-7773333  ThThThhThT ee ee cocoorrrreeect estimmmation ratio, aveerererage offff eerrrrrrrrrror dddisisisistancncncncceeeee annnnd d maxim
                   e eeerrroororo  disississtance offoffof absoloollluttuttuteeeee eqeqeqeqquauu tionnnn b y usininnninng thhththe ee ininininnfoffoffoormatioooonnn of  ph
                 ppoooower llllevel anddd ff four weight of powewer level wwwhww ich hhh k=k===1,1,1,1,1  k k kk=2=2=22, k=5, k=1

Fi 74 Th t ti ti ti f di t d i
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Figure a-75   Tapes that use to attach the input electrode on 2DC sheet 

Figure a-76   The epilator that use in the experiment 

Figuureeer aaa aa-77555   TTTTapes thaaaaatt t use to attach thee input ellleleectrtrttrodddo e e e ononononono  22 2DC shehheheh et 
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Figure a-77   The coaxial cable 

Figure a-78   A ruler that use to measure the each point of experiment 

Fiigugugug rerere aaaa aa 77-7-7777777  TTT TThehehehehehe c cc  coaooooaxxxixxial cableleele 
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Figure a-79   A ruler that use to measure the each point of experiment Figuguug rererer aa aa-7-7777999   AAAA ruler thhhahh t use to measureeee t  he eachhhh h poooininii t tt ofofofofofof e ee eexpxxxx erimeenenee t 
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C Program. 
#include <stdio.h> 
#include <math.h> 
#include <stdlib.h> 
#include <string.h> 
#define MAX_LEN 256 
#define MAX_LINE 1000 
int main(void) 
{
FILE* fp1; 
FILE* fp2; 
char fname[80]; 
char *ch1; 
char *ch2; 
char buf1[MAX_LEN]; 
char buf2[MAX_LEN]; 
int num1 = 0; 
int num2 = 0; 
int i; 
double data1[MAX_LINE][8]; 
double data2[MAX_LINE][8]; 
char* name1; 
char* name2; 
char* name1_list[MAX_LINE]; 
char* name2_list[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){ 
if(flag == 0){ 

C Program. 
#include <stdio.h> 
#include <math.h> 
#include <stdlib.h>
#include <string.h> 
#define MAX_LEN 256
#define MAX_LINE 1000
int main(void) 
{
FILE* fp1; 
FILE* fp2; 
char fname[80];
char *ch1; 
char *ch2; 
char buf1[MMMAM X_LLLLEN]N]N]; ;
char buf2[MAAAAX_X LELEEELELENN]N]NN]; ;
int num1m1mm1 = == 0 000; 
int nuuuum2 = 0; ;; ; 
int i; 
doububububu lelele d ddddata1a111[M[M[[[ AAAXA _LLLLLINI E][8]; 
doouubu le datttta2a2a2a2a2[M[MMMMAAXA _L_L_LLINE][8]; 
char* nnann me1; 
char*  nnnan mememeem 2;2  
chhhhhar* name1_liiiistststsst[[M[M[ AX_LL_L_ INE]]; ;
charararar*** nananaamemeemem 2_222 liststt[MAXXXX_LLLLININNINEEE]; 
printf("InInInInpupupupupup t ttt phpp ase fileeee name 111:"));
gets___s((((fnamemememem );););));); 
fp1 = fofofoopepepepep n(n(nn fnffnffnnamaaa e, """"r"rrr ); 
if(fp1p111 == NUNUUUULLLL){){{){{)  
printtftfftff("("("("Cann'nn t openn f f fffililililile\e\e\e\e\n"nn );); 
exit(1(111); 
}
int flaagaa ; 
while(e((fggfggfgetetets(ss(s(s(bbbububuf1, MAX_LENN-NNN 1, ffffp1p1p1p1)))) ) !=!=!= NULLLLL )L)L){{{ 
ch1 = strtok(buf1, " ");
i = 0; 
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name1_list[num1] = strdup(ch1); 
flag = 1; 
}else{ 
data1[num1][i] = atof(ch1); 
i++; 
}
ch1 = strtok(NULL, " "); 
}
num1++; 
}

fclose(fp1); 
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; 
while(ch2 != NULL){ 
if(flag == 0){ 
//name2 = ch2; 
name2_list[num2] = strdup(ch2); 
flag = 1; 
}else{ 
data2[num2][i] = atof(ch2); 
i++; 
}
ch2 = strtok(NULL, " ");} 
num2++; 
}

fclose(fp2); 
printf("Input level file name 1:"); 
gets_s(fname); 

name1_list[num1] = strdup(ch1); 
flag = 1;
}else{ 
data1[num1][i] = atof(ch1); 
i++; 
}
ch1 = strtok(NULL, " "); 
}
num1++;
}

fclose(fp1); 
printf("Input phase fffile namammmmeeee 22:22 ")));;; 
gets_s(fname);););)  
fp2 = fopen(n(n((fname,ee  "r"r );;))  
if(fp2 == NUUUULLLLL ){{ 
printf(""( CaCaCaan'nnn ttt t opppenenenenenen ff ilile\\\n"n"n")););)))  
exit(1111)));)  
}
whhilililili e(e((e(fgfggfgfgeets((((bubububbuf222, MAAAAXX_XXX LEN-1, fp2) != NULL){
flaggag = 0;
ch2 = ststsstrtok(buuufu 2, " "); 
i = 0;0;0;;; 
whwhhhhile(ch2 != NNNNULULULULU L){
if(ffffflallalaggg ==== 0 000){)))  
//name2 = == chchchcch2;22  
nameeeee222_listt[n[n[n[n[numumumumumum2] = ssstrdup(chh22);; 
flag == 1 1 11;;;; 
}else{eee  
data2[2[2[[22 nunn m222m2][i] = aaaatototootof(f(f(f(f(chchccc 2)2))); ;;
i++; 
}
ch2 ==  strtok(NNNNULULULU L,L,L,LL  "  "))));} 
num2++++++++;;; 
}
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FILE* fp3; 
fp3 = fopen(fname, "r"); 
if(fp3 == NULL){ 
printf("Can't open file\n"); 
exit(1); 
}
char buf3[MAX_LEN]; 
char* ch3; 
char* name3_list[MAX_LINE]; 
double data3[MAX_LINE][8]; 
int num3 = 0; 
while(fgets(buf3, MAX_LEN-1, fp3) != NULL){ 
flag = 0; 
ch3 = strtok(buf3, " "); 
i = 0; 
while(ch3 != NULL){ 
if(flag == 0){ 
//name2 = ch2; 
name3_list[num3] = strdup(ch3); 
flag = 1; 
}else{ 
data3[num3][i] = atof(ch3); 
i++; 
}
ch3 = strtok(NULL, " ");} 
num3++; 
}
fclose(fp3); 
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[MAX_LEN]; 
char* ch4; 
char* name4_list[MAX_LINE]; 

FILE* fp3; 
fp3 = fopen(fname, "r"); 
if(fp3 == NULL){
printf("Can't open file\n"); 
exit(1); 
}
char buf3[MAX_LEN];
char* ch3; 
char* name3_list[MAX_LINE]; 
double data3[MAX_LINE][8]; 
int num3 = 0; 
while(fgets(buf3, MAX_XX_X LEN-111,11  fp3) !==== NNULULULULU L){
flag = 0;
ch3 = strtok(bbbbufufuu 3, " """);)  
i = 0; 
while(ch3 != NN NNULLLLL)L)L)LL)L){ {{{
if(flag g ======== 0 0 00){){){)  
//nammemm 2 = ch2;2;2;2;2; 
name3_lilililist[n[n[numumuu 3]]]]] = strrrdup(ch3)3)3));;;; 
flaggggg == 11 11;;; 
}ellsl e{ 
data3[[nnunn m3][i]] =  atototoootof(ch3); 
i++;;;; 
}
ch3 3333 === ststttrtttokokkok(N((( ULUULLL, " ")));)) } 
num3+++++; 
}
fcloseee(f(f(ffp3p3p3p3p3);););)  
printftftftf("Inpuuuuuttt tt levevevel l lll fififilel  nnnnamaaa e 2:22 ")");
gets_s_s_s(f((( nammmem ); 
FILEEE *fpfpfpfpfp444;44  
fp4 === = fopen(fnaamama eee,ee  "r"); 
if(fp4444 = = NULLLLL ){{{{
printfff("("("CaCCaCCan'nn'nn ttt t oopen file\n"); 
exit(1); 
}
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double data4[MAX_LINE][8]; 
int num4 = 0; 
while(fgets(buf4, MAX_LEN-1, fp4) != NULL){ 
flag = 0; 
ch4 = strtok(buf4, " "); 
i = 0; 
while(ch4 != NULL){ 
if(flag == 0){ 
//name2 = ch2; 
name4_list[num4] = strdup(ch4); 
flag = 1; 
}else{ 
data4[num4][i] = atof(ch4); 
i++; 
}
ch4 = strtok(NULL, " ");} 
num4++; 
}
fclose(fp4); 
int j, k; 
/*
for(k=0;k<num1;k++){ 
printf("%s: ", name1_list[k]); 
for(j=0;j<8;j++){ 
printf("%f ", data2[k][j]); 
}
printf("\n"); 
}
*/ 
double d1[MAX_LINE][7]; 
char si[3]; 
int start; 
int end; 
printf("Input start sink number(0 - 7) :"); 
gets_s(si); 
start = atoi(si); 
if(start < 0 || start >= 7){ 
printf("Input start sink number error. start sink num set to 0\n"); 
start = 0; 

double data4[MAX_LINE][8]; 
int num4 = 0; 
while(fgets(buf4, MAX_LEN-1, fp4) != NNNNNULU L){
flag = 0;
ch4 = strtok(buf4, " "); 
i = 0; 
while(ch4 != NULL){
if(flag == 0){ 
//name2 = ch2; 
name4_list[num4] = strdup(ch4); ;;; ;
flag = 1;
}else{ 
data4[num4][i] = atottoof(ch4)4)4)4));;;; ;
i++; 
}
ch4 = strtok(NN(NNULLL,L,L,L,L,L, "" " " " ""  )));) } 
num4++++++++;;; 
}
fclose(ffp4p4p4p4);;; 
int j,j,jj,j kkk k;;; 
/*
for(k=0;0000 k<nummm1m ;k+++++++++ ){ 
printfff("("(( %sss:: : ", nnnnamamee1e _list[k]k]k]k]k );)  
fooorrr(r j=0;j<8;j++)+)+))+){ {  
prininiinintftftf("( %f%f%%f "" ,, ,, datattaa2[k][j])]])])]);
}
printftftfff(("("\n")))); ;;  
}
*/ 
doubbbblelee d 1[[[MMAMM X_LILILIILIL NENENENENEN ][] 7]7]]];;; ;
char si[3]3]3]3]3];; ;;;
int stttaaraa t; 
int ennnnd;dd  
printfff("("("InIInIInppupuuputttt sstart sink numbebebbeber(0 -- - - )7)7)7) :")")" ; 
gets_s(si); 
start = atoi(si);
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}
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[MAX_LINE][7]; 
for(k=0;k<num2;k++){ 
for(j=start;j<end;j++){ 
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); 
}
}
}
/*
for(k=0;k<num1;k++){ 
for(j=0;j<7;j++){ 
printf("%f ", d1[k][j]); 
printf("%f ", d2[k][j]); 
}
printf("\n"); 
}
*/ 
double min; 

}
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. eeeennndn  sink nnunn m 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]j]j]j  - dataaa1aa [k][j+1]1]1]11 ););); 
}else{ 
d1[k][j] = absss(a(a(aabs(daatata a1[k][j]]] ---- d d ddatatatta1a [k[k[kk[k[k]]][j++++1]]])-)-)-)-3333663 0)0)0)0); ; ; ;
}
}
}

doububububu lelele d dddd2[MAMAMAMAMAX_X_X_X LINENENEENEE][7];
forr(r k=0;k<<<<nunununuum2m222m2;k+++++){ 
for(j=ststttart;j<ennnnd;j++++)++++ {
if(absss(d(d(d(datttta2a2a22[k][[[[j] -- data2[kkk]][][]] j+1])<180){
d22222[k][j] = abs(dddddattttaa2[k][j]j]]]  - data2[k[[ ][][[j+jj 1]]]);); 
}elslsllslse{ee{ 
d2[k][j] ==== aaaaabsbsbsb (abs(data2a2a2a2[k][j] -- daaata2[k]][[j+j+j+j++1]1 )-)-)--)-36363663 00); 
}
}
}
/*
for(kkkk=k 0;0;;;k<k<k<k<k num1;kk;k;k;k++++++++){){){){{ 
for(j====0;j<7;j++)+)+)+){ 
printffff("(( %f ", d1d1d1d1[kkk][][][][[j]jj]j]);); 
printfff("("("%f%f%f%%f "" , dddd2d [k][j]); 
}
printf("\n"); 
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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"); 
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[60:90]\n"); 
fprintf(wfp, "set yrange[17:47]\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; 

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("r"r"r"rese ullt.tt.t..txtxtxttxtxt"t"tt , "w"); 
wfp = fofoffopepepepen(n(n(n("resesesesssulululuulu t_phphhasasasssee.e plt", "wwww");
xfp = == ffopen("p"pppphahahah see.ddd.ddat",",",, "w"); 
fprintf(wwwfw p,,, " rerrreseet\t\t\t\t\n");; 
fpriiiirintnntntf(ff(f(wwfww p, "" ""ssset tttet rm pppost eps color \"Arial\"\n");
fprrir ntf(wffp,pp,p,p, " " " "seeettt tt outpppput \"phase_aarrrrrrrroowwowo .eps\"\n\ "")")"));; ;
fprint (f(f(f((wfww p, "seeeet xraanannaa ge[60:90000]\]\]\n"); 
fprintnttf(f(f(f(wfwffwfpp,p, "seeeet yrrrange[17:7:::7:447]\n"); 
fppprrir ntf(wfp, "seeett ttt xxxtx ics 5\n"n"n"n );)); 
fpririririntnntntf(f(wfwfwfwfp,p,pp,p  " " set tt ytics 177777, 5\5\5\5\n")); 
fprintf(wwfwfwfp,p,p,p,pp  " "" ses t mxticscsss 4\n"); 
fprintntntntntf((f(f(wfp,  " ""sesesesesset mytiiccs 4\n"); 
fprinttf(f(f(wfwfwfwfw p,p,p,p  """seeeset nokeeeek y\yy n"); 
fprintntnn f(wfp,,, "set t t sisiisisizzezzeze squququuare\\\n"")); 
fprinntntntf(f(f(f(wfppp,p  "set grrrgrididididd xx xxxtitit cs yyyytititiicsc  mxtics mytics\n"); 
printfffff("InInInInnppuppp t numbbmbmbmbererre (1((11(1(1:P:P:P:P:Powowowoweree , 2:222:AbAbAbAbAbss,s,s, 333 3:S:SS: qrrqrq t)t)tt) :: : " );););); 
gets__s(fname); 
int formrr ; 
form === aaaa atototoi(ii(i(i(ffnfnfname); 
if(form != 1 && form != 2 && ff fforo m !==3))3)3){{{ {
printf("wrong input number!\n"); 
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td_num = 0; 
e_max = 0; 
int m; 
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++){ 
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])); 
}
//printf("%d %d %d %f \n", k, j, l, buf_min); 
}
if(min > buf_min){ 
min = buf_min; 
min_num = j; 
}
}
//printf("%s -> %s\n", name1_list[k], name1_list[min_num]); 
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]); 
}
reg = strdup(name1_list[min_num]); 
a = strtok(reg, ","); 

td_num = 0;
e_max = 0; 
int m;
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++){
if(form == 1){ 
buf_min += pow((d1[j][l] - d2[k]k]k]k [l]), 2);  
}else if(form == 2){ 
buf_min += abs(d1[[[jjj]j [l] - d2dd2d2d2[k[[k[kk][l]]]]]);)))  
}else if(form == 3){ 
buf_min +=== sqrt(abbaabs(d1ddd1[jjj[j][][[][[[l]l]l]ll]l  - d2[k]k][l[[l[ ]]])]))); 
}
//printffff("("(("%d%d%d%d% % %%d d d dd d %d%d%%%%  % %%fff \n\n\nn\nn"", k, j, llll,, buf_min); 
}
if(min >>>> b b b bufff_m_m_mminn)){){))  
min nnn n == bububuub f_mimimiiminn; 
miinn_n num = == = = jjj;j;j  
}
}
//ppprpp intf("%s -> %s%s%s%s% \n", namammame1 l__ ist[[k]]], ,, name1_list[m[ in n_ ummmmmum])] ; 
reg ggg === ststtrdrdrdr upupupup(n((( ammme2_list[tt[t[t[kk]]]]););););); 
a = strtokkkk(r(rr(rregegegegg, ",");
if(a !!!== NULLLLLLLLLL){){){){)){ 
x_s = attattofofofofo (a(a(a(a);)  
}else{eee  
printtftfftff("("("("inpuuuput file eeerrrrrrrrooorororor 1 11 %%s!s!s!s!\n\n\nn", name2_list[k]); 
}
a = sttttrtok(NULLLLLL,L  ""","); 
if(a !== NULL)){{ 
y_s = attattatofofoof(a(a(aa(a)););); 
}else{ 
printf("input file error 2 %s!\n", name2_list[k]); 
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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{ 
fprintf(wfp, "set arrow from %f,%f to %f,%f lw 4 lc %d\n", x_s, y_s, x_e, y_e, k+1); 
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)); 
}
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"); 
FILE* xfp2; 
xfp2 = fopen("level.dat", "w"); 

if(a != NULL){ 
x_e = atof(a); 
}else{ 
printf("input file error 3! %s\n", name1__l_ isttt[t[min_num]); 
}
a = strtok(NULL, ","); 
if(a != NULL){ 
y_e = atof(a); 
}else{ 
printf("input file error 4! %s\n", nnnnname1_list[min_nnnun m]); 
}
if(x_s == x_e && y_s == y_e)){{{ {{
fprintf(xfp, "%f %f\f\f\f n",x_sssss,, yyy_y s); ; ;
}else{ 
fprintf(wfp,,, "set ararrrow w ww frrfromomomomomm %%%f,%ff tttt oo o %f%f,%%%ff lwlwlwww 4 lc %d%d%d%ddd\n\n\n\nnn","","", x_s, y_yy s, x_e_e_ee_ , y_e, k+1); 
td += sqrt(powwww((x_x__s-s-s-s-ss-xx_xx_x ee)e , 2)+poww((((((( y_s-y_e), 2))););););  
if(sqrt((((poppopow(w(w(w(w (x(x(x( _ss_sss-x-x-x-x-x-x_e_ ,), 2 22)+)+)++)++pow((yyyy_s-y_e), 2)) > e_mm_mmax){ 
e_maaaaxx xx = sqrt(p(p(p(p(ppowooo ((((((xxxx_x s----xx_e), 2))+++p+ ow((y_y__s-y_e), 2))))));)))  
}
td_n_nn_nnumummumm+++++ ; 
}
}
fprintttf(f(f(f(aafa p,p,p,p  "***** uuusing phahahahahase only ****\n");
fppprrir ntf(afp, "corrrrreeece t estimmmam tion ratio = %.2f%% (%( d/%d)\)\) nn"nnn , (douubbblbbb eee)e (num2-
td_nnnnumuumm)/))) nunuunun m2mmm *1*11100, nuuuummm2222mm --tt-t _d_dd_nuumm, nnnnnummmmm2)2)2); ;
fprintf(afafafafp,pp,p,p,p, "" "avaa erage offff error dddistaance = %.%%.%.% 2f222 cmcmcmcmcm (((%%.222fcmm)\n"",,, ,, (double)e))e)tdtdtdttdd//t/t/td_d_num, 
(douuublblblblb e)td/n/n/n/nnumumumumumm2);
fprinttf(f(f(afafafafafp,pp,p,p, " " mamaammaximuuum mmm error ddiistaaance = %%%%%.2fcmm\mmm\nn", ee__max);
fprintntnn f(wfp,,, "plototot \ \\\\\"pppphasesesese.dattt\\"\" w p ps 2 22 ttpt 6\n"); 
fprinntntntf(f(f(f(wfppp,p  "set ouuuoutptptptptppututututuut\n\\n")"))); ;;
fclose(wwwwfpfpfpfpfp); 
fcloseeee(xfp); 
doubllell  min2; 
int miiinnn_nuununu 2m2m2m2m ;
double buf_min2;
FILE* wfp2; 



100�
�

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[60:90]\n"); 
fprintf(wfp2, "set yrange[17:47]\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+1;l++){ 
if(form == 1){ 
buf_min2 += pow((data3[j][l] - data4[k][l]), 2); 
}else if(form == 2){ 
buf_min2 += abs(data3[j][l] - data4[k][l]); 
}else if(form == 3){ 
buf_min2 += sqrt(abs(data3[j][l] - data4[k][l])); 
}
// 
}
//printf("%d %d %d %f \n", k, j, l, buf_min2); 
if(min2 > buf_min2){ 
min2 = buf_min2; 
min_num2 = j; 
}
}
//printf("%s\n",name1_list[k]); 

fprintf(wfp2, "reset\n"); 
fprintf(wfp2, "set term post eps color \"Arial\"\n");
fprintf(wfp2, "set output \"level_arrow.eppppss\s\ss "\n"); 
fprintf(wfp2, "set xrange[60:90]\n");
fprintf(wfp2, "set yrange[17:47]\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 xtxtxtx ics yticccccs mxticsssscs mmytytyttytics\n"); 

td = 0.0; 
td_num = 0;
e_max x x === = 0.0.00 0;0;0;0  
for(k===0;k<nuuum4m4m4m4m k;kk+++++++++){  
min2 = 111100000000000000 0;0;0;;0; 
min_n_nn_n nunnunuumm2mm  ==== 00000;
forr(r j=0;j<<nununununum3mm3m3m ;;j; ++){){{{ 
buf_miimiin2nn  = 0;
for((((l=ststststarrrrt;t;t;l<lll<ennnnd+11;11 l++){
iff((((f( orm == 1){ 
buuufffff_mimmin2nn2n2 + +++== = poow(ww (data3aa3a3a3[jjjjj][][][][][lll] - dddata a4a4a4a4a4[k[k[k][][][]][l]),)),)  2   ); 
}else if(fff(fororrorrm mm mm == 2){ 
buf_mmmimim n2 +++++== = == abaabaababs(dataaa3[j][l] - ddattaa4[k][ll]);
}else ifififf(f(f(ff(foroorororm mmm == 3){{ 
buf___mimmm n2 +==== = sqqrtrtrt(a(a(a(a(absbb (dddataaa a3[jj[jjj][][l]l] - ddd data444[kkk[k]][] l])); 
}
// 
}
//prinnnntftt ("%d %%%%d %d%d%d%dd % %ff f \\n","  k k kkk, j, l, bubbub f_fff mimimimi 2n22n2n2););;);); 
if(minnn222 >>>> bubbububufff_f min2){ 
min2 = buf_min2; 
min_num2 = j; 
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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]); 
}
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{ 
fprintf(wfp2, "set arrow from %f,%f to %f,%f lw 4 lc %d\n", x_s, y_s, x_e, y_e, k+1); 
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)); 
}
td_num++; 
}
}
fprintf(afp, "**** using level only ****\n"); 

reg = strdup(name2_list[k]); 
a = strtok(reg, ",");
if(a != NULL){ 
x_s = atof(a); 
}else{ 
printf("input file error 1 %s!\n", nameee2e _list[k]k]k]k]); 
}
a = strtok(NULL, ","); 
if(a != NULL){ 
y_s = atof(a); 
}else{ 
printf("input file error 222 % s!\n""", name22_lllisst[t[t[[t[[kk]kk ); 
}
reg = strdup(nnnnamamaa e1_ll_lllist[min___nunununuun m2m2m2m2m ])));;; ;;
a = strtok(rreeege , ","))));; 
if(a != NULLLLL){))  
x_e = atataatofofoff(a(aa(a( );););)  
}else{{{{ 
printf("ininnnpuuup ttt fifffile eeeeerrror 333! %s\n"," nnn name1_list[miin_nunununuuum2mm ]); 
}
a == = strtok(N(NNNNULUULULU LLL,LL  ",")));)  
if(a != NUNNN LL){{{{ 
y__e =  aaata offff(a(a(aa); 
}eeeelsll e{ 
prininiinintftftf("( iniii pupuupupp tt tt fileee error 4444! !! %s%s%s%s\n\\n"", nnnammmmmeeee1e _l_l_l__list[t[t[t[mim n_n___numm2m ])))]); 
}
if(x__s_s == x_x___e e ee &&&&&&&  y_s_s_s_  == y_e))){ 
fprinttf(f(f(xfxfxfxfxfp2pp2p22, "%"%"%%%f %ff\n\nn\n\ ",x_s, y__s_ );; 
}else{eee  
fprinntntntf(f(f(f(wfpp2pp , "sett aaarrrrrrrrrrowowowwow ff rooom mmmm %f,%f to %f,%f lw 4 lc %%%%%%ddd\d\dd n"n , , ,, x_x_x_x_x s,s,ss  y_s, x_e,e  y__e_ee, k+1);
td +=== sqqqqrtrtrtrtt((pow(((((xxx_x s-s--s x_x_xx e)e)ee)e),, , , 2)2)2)2)+powwwow(((((((((yyy_y s-sss yyyy_e)ee))e),,, 2))22)2)2));)););); 
if(sqrrrrt(pow((x_s_s_ss-xxxx_e), 2)+popopoow(w(w(w(ww (y(y(y(y(y( _s_s_s_s-y-y-yyy_e_e_eee),),,, 2 22 2)))))))  > >> >> eeee m_m_m_mm_maaxaxaa ){){{{ 
e_maaaax xx = sqrt(ppppowww(((((((((x_x_x s-s-s-x_e)e)e)),,  , 2)+ppoww((((((( y_yyy s-ss-yyy_y ee), 2)); 
}
td_num++; 
}
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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; 
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[60:90]\n"); 
fprintf(wfp3, "set yrange[17:47]\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++){ 

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 = %.%.%.%%.2f2 cm (%.2fcm)\n", (double)td/td_num, 
(double)td/num2);
fprintf(afp, "maximum error distance ==== %.2fcfcfcm\n", e_max); 
fprintf(wfp2, "plot \"level.dat\" w p pspsss 2 pt 6\nnn"n ); 
fprintf(wfp2, "set output\n"); 
fclose(wfp2);
fclose(xfp2); 
printf("Input weight for level:"); 
gets_s(fname); 
double weight; 
weight = atof(fnameee)); 
double min3; 
int min_nummm3m ;
double buf_mmmmini 3; 
FILE*  wfwfwfwfp3p3p33p ;; ;
wfp3 = fopennn("("((( rerrr suultlltltt_totototoo al.plt",, """" w"); 
FILE* xfxfxfxfp33p ; ; ; ;
xfp3p3p3p3p === fff ffooopennnn("("((( toootttat l.daaatt"tt , "w");
fprrir ntf(wffp3p3p3pp3,, "rrreeesee et\nnnn"); 
fprint (f(f(f((wfww p3, "sssset teererree m post eepspspsp  color \"Arial\"\n");
fprintttf(f(f(f(wfwffwfpp3p33, "sssset oooutput \"totototot tal_arrow.eps\"\n"); 
fppprrir ntf(wfp3, "sssetttt xrange[e[e[e[660:90]]\n"))); ;;
fpririririntnntntf(f(wfwfwfwfp3p3pp3p , , "setete  yrangggggeee[ee 17171717:4:477]\nnn"))))); ;;; ;
fprintf(wwfwfwfp3p3p3p3pp , , , "set xticssss 5\n"); 
fprintntntttf((f(f(wfp33p333,, ,, "s"s"ssset yticccs 17, 5\nn"");
fprinttf(f(f(wfwfwfwfw p3p3p3p , "s"ssset mxtxtxtxtics 4\n"));)  
fprintntnn f(wfp33333, "setetet m mmmmmytyy icccs ss s 4\n"""))); 
fprinntntntf(f(f(f(wfpp3pp , "sett nnnnokokokokokkeyeyeyeye \n")")")");; 
fprinttf(wfwfwfwfwfp3, "settettet sssizizizzeee e sqsqsqssquauauauarereer \n")))); ;
fprinttttf(wfp3, "sssete  gggggrid xtics ss ytytytytyty iccicicicics s s ss mxmxmxmxmm titititicscscss m mm m mytytyyticicciccs\s\s\n"n"n"n"););););; 
td = 0000.0; 
td_nummm == = 0000 0;;;
e_max = 0.0; 
for(k=0;k<num2;k++){ 
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buf_min3 = 0; 
for(l=start;l<end;l++){ 
if(form == 1){ 
buf_min3 += pow((d1[j][l] - d2[k][l]), 2) + pow((data3[j][l] - data4[k][l]) * weight, 2); 
}else if(form == 2){ 
buf_min3 += abs(d1[j][l] - d2[k][l]) + abs(data3[j][l] - data4[k][l]) * weight; 
}else if(form == 3){ 
buf_min3 += sqrt(abs(d1[j][l] - d2[k][l])) + sqrt(abs(data3[j][l] - data4[k][l])) * 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; 
}
//printf("%d %d %d %f \n", k, j, l, buf_min3); 
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); 
}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, ","); 

buf_min3 = 0;
for(l=start;l<end;l++){
if(form == 1){ 
buf_min3 += pow((d1[j][l] - d2[k][l]), 2222) ) + + poppp w((data3[j][l] - data4[k][l]) * weight, 2)
}else if(form == 2){ 
buf_min3 += abs(d1[j][l] - d2[k][l]) +++ abs(datttta3a [j][l] - data4[k][l]) * weight;
}else if(form == 3){ 
buf_min3 += sqrt(abs(d1[j][l] - d2[kk[k[k][l])) + sqrt((((abs(data3[j][l] - data4[k][l])) * weigh
}
// 
}
if(form == 1){ 
buf_min3 += pow((d(dd( ata3[j[j[j[jj][][]][] l]l]]l]l] - ddatataata4[k[k][]] l]l]l]l])) ))) * weiggght, 2)22));;;;; 
}else if(form == 2){ 
buf_min3 +++=== = abs((((ddddataa3[[333 j]]]j][l[ll[l[l[l]] ]] -- ddata4[[[[4 k]]k]k]k [l[l]]]) ** weieieieiighggg t; 
}else if(form =====  33){){){){){{ 
buf_miimiin3n3n3n3 + + +== == sqqqqrrtrtrtrtrt(a((a(a(absb (d(d(datatatattta3a [j][l] ---- data4[k][l])) * wwwweight; 
}
//printf(""""%d%d%d%  % % %%d %%%d%d%%  %%%fff \n", k, j,jj lll l, bbuf_min3); 
if(mmmmmininnin333 >>> buuuuff_fff mimimiin3){{{ 
miinn3n  = bufufufuff mm_mminnnnn3; 
min_nuuuum3 = j;  
}
}
reg ggg === ststtrdrdrdr upupupup(n((( ammme2_list[tt[t[t[kk]]]]););););); 
a = strtokkkk(r(rr(rregegegegg, ",");
if(a !!!== NULLLLLLLLLL){){){){)){ 
x_s = attattofofofofo (a(a(a(a);)  
}else{eee  
printtftfftff("("("("inpuuuput file eeerrrrrrrrooorororor 1 11 %%s!s!s!s!\n\n\nn", name2_list[k]); 
}
a = sttttrtok(NULLLLLL,L  ""","); 
if(a !== NULL)){{ 
y_s = attattatofofoof(a(a(aa(a)););); 
}else{ 
printf("input file error 2 %s!\n", name2_list[k]); 
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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{ 
fprintf(wfp3, "set arrow from %f,%f to %f,%f lw 4 lc %d\n", x_s, y_s, x_e, y_e, k+1); 
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)); 
}
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"); 
fclose(afp); 
fclose(wfp3); 
fclose(xfp3); 
}

if(a != NULL){ 
x_e = atof(a); 
}else{ 
printf("input file error 3! %s\n", name1__l_ isttt[t[min_num3]); 
}
a = strtok(NULL, ","); 
if(a != NULL){ 
y_e = atof(a); 
}else{ 
printf("input file error 4! %s\n", nnnnname1_list[min_nnnun m3]); 
}
if(x_s == x_e && y_s == y_e)){{{ {{
fprintf(xfp3, "%f %ffff\\n\ ",x_ss,s,s,s, yy yy_s);;; 
}else{ 
fprintf(wfp3333, "sett aarrowwoww ffffrororororoommm mm %%f,%%f ff f tto %% %f, f%f%%ff l llllww www 4 lcc %%% %%%d\d\d\d\dd\nn"nnn , x_s, y_s, x_x_x_x e, y_e, k+1);
td += sqrt(powwww((x_x__s-s-s-s-ss-xx_xx_x ee)e , 2)+poww((((((( y_s-y_e), 2))););););  
if(sqrt((((poppopow(w(w(w(w (x(x(x( _ss_sss-x-x-x-x-x-x_e_ ,), 2 22)+)+)++)++pow((yyyy_s-y_e), 2)) > e_mm_mmax){ 
e_maaaaxx xx = sqrt(p(p(p(p(ppowooo ((((((xxxx_x s----xx_e), 2))+++p+ ow((y_y__s-y_e), 2))))));)))  
}
td_n_nn_nnumummumm+++++ ; 
}
}
fprintttf(f(f(f(afafafp,p,p,p  "***** uuusing phahahahahase and level*%.2f ****\n", wwwwwweie ght); 
fppprrir ntf(afp, "corrrrreeece t estimmmam tion ratio = %.2f%% (%( d/%d)\)\) nn"nnn , (douubbblbbb eee)e (num2-
td_nnnnumuumm)/))) nunuunun m2mmm *1*11100, nuuuummm2222mm --tt-t _d_dd_nuumm, nnnnnummmmm2)2)2); ;
fprintf(afafafafp,pp,p,p,p, "" "avaa erage offff error dddistaance = %.%%.%.% 2f222 cmcmcmcmcm (((%%.222fcmm)\n"",,, ,, (double)e))e)tdtdtdttdd//t/t/td_d_num, 
(douuublblblblb e)td/n/n/n/nnumumumumumm2);
fprinttf(f(f(afafafafafp,pp,p,p, " " mamaammaximuuum mmm error ddiistaaance = %%%%%.2fcmm\mmm\nn", ee__mmax); 
fprintntnn f(wfp33333, "pplololoottt ttt \"\ totatataal.l dat\t\t\"" w p ps 222 pttt 6\n"); 
fprinntntntf(f(f(f(wfpp3pp , "sett oooutututututtpupupupupput\t n"n""");););)  
fclose(aafpfpfpfpfp)); 
fcloseeee(wfp3); 
fcloseeee(xfp3); 
}
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Figure c-80   NICT building 

Figure c-81   Name of researcher who come or not come 

FiFiiFiigureee c c ccc-88-88800000  N NN NICI T bbbub ildingg 

Figure c-81 Name of researcher who come or not come
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Figure c-82   My name that working today 

Figure c-83   The part of my laboratory researcher team 

Figure c-82   My yy yy nanaame that working tootoooday 
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Figure c-84   My NICT ID card 

Figure c-85   The measuring method 

Figure c-84   My NICT ID cardd 
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Figure c-86   Presentation with my laboratory researcher team 

Figure c-87   Presentation with my laboratory researcher team 

FFiF gugugugure cccccc-8- 6   Presentation with my laboratory rrrrreeseee earcrrccrchehehehehh rrr r tteteammm 
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Figure c-88   The international researchers supporter
�

FFiguuuure c-88  TTT The internationall rese earchersssss supppppop rtrtrtrterererere
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