1% -

.t

i X

ZABE R E I D <F S IRALE DR #H]

ERD 5T

A Study on Efficient Search Algorithm of Signal Source Location
based on Received Signal Strength Indicator

Kazuyuki Ishii
AF W7

W 5 2 ) 5 1 KA
Wit % 2V 5 o iR
Wit %2y 7 ¢ §IK

202043 H






g

AL, MERGRER 2 5N 5 ZE(5 59 E (RSSI: Received Signal Strength Indicator ) A%l
EEEREIC K> TN R D Z L ITEH L, EREEZRIICHERT 2 ke U THRLRKCHE & $2 %
U, iHMlizZ L2t DTH5.

AEClk, AT 6 ETHRINT NS,

B1ETIE, MEOERELUT, TREYIZ2Y NI —=2DBBGFERY M2y N =2 3REFEIC
7D B, HRE L ARTIESHROBEROBEIRE GPS (248 5 AL B E FIEO BN %2 R A
2. TOMREBEFRE LT, RSSIZHWAESHICN U CERMK 2 HET S 2 L THERT L Z it
NR7=D, TORER, BRI OHEFIEIIDOWTHR U 7.

H2ETIE, BEMKOMHEZMNTT DI DB ONTIRANZ, BRI, i T < HR
DR L D, HGEH E CRINVDFEDRALINSG 2L, DFY, TORBMETHEEZMTTLIZ L
IZDOWTTHhd. TUT, HEENMTT DI Lix U THUEMN 247> 7=,

3T, [E5IRE SERE DR (BRIER) MDY Y ZIViRy T&HHRIZUZSERIZDWNTHEN
7. BOREE OHIEIZIE, RSSIDFESL 2L, EH2INLHEMPRBERETE L L L.
ZUTC, BRIERDPBE L RN SLEM@EIC RSSIZHIEL, IEA21T5 28T, BROBEB XU
HEDKBEDM L2 EZno/. YIalb—yarodgld, AHKMETFIVERLT 2 EGERE T
WIZHRTA ") A R%MABDY Y R—A V7 ETINEFHAL, HIEEOIESD X121, 32,62, 92,
122[dB] 2L, ThThYIal—Yaviiiork.

FIEEY I 2V —Ya v THREEZ 1T, BEROREEIZEGE 2 i X 20 RSSI TOFEHR & Y 1.67 f5H
ERENZ 2 R L. T UT, ZERRDLERT, RSSIDIIEZ i L TR\ GE X RSSI DELIE %
iU 72358 8 LER TR 3.63 f5D2ETH /2. X512, RSSIDERIEZ XS, D, HE ¥ [%
ZHOWBWEGGIERSSIOBEZ ML, HIERM PR ZE AW 256 L AR TRKRT 7.68 502N H >
7. THUE, BELEEKOYIEN T T2 Z L AEMINICENT WS 72O TH Y, HENAFFHIZ KX
ZHEAE D, FHERIFMR D N TS /2, BIEKOHEEN T T2 2 & THREIHE 2
IHTEHEREL ML —RATDBERBRIZHZ Z Do/, UL, AFEITHIE L - RSSI
DI Z 1T D B2, FEMERLL, FEI»»"S. T8, KV EHIZ, RSSI OHIEMEZ )T
TABFENARIND LF5L 7=,

AL, BIERBRKIZY VIR Y TENGIZUEERIZOWTRA -, BEri < OHE I,
FREH R EURE & O HIER T RIECE B U 72 i % W72, AREidT 2@ YD) OYEM PR EREL T
Wb, TOFEE, THE1)EENEEROMERT TV & HIEM S Z & D RSSI A 5 OREHE(F % % /-
HIERFEIE, THE2NBEOY Y MatEsh b N IZENET D £ COMREB QN (Z) » bR
UZHER PR, THD. TNThOYIal—rarvzizn, EHEReERRED 2 22 M ML
THEEZ1T > 7=,

V3alb—YavoxgiE, B3 BAROESMET TV EFREDOE DA, fEIRER o 120.01, 0.05,
0.1 LU, TOMER, MFETHRUERIHEDM T 2175725613025 LR THo7ZITHLU,
HEOR T2 ITORVEARRB LT 05T, BEZ2METHo/m. FEFIE, HEOM T 2TDENS
GO CHRBENFERY I 2L =Y a VBT 2 RKRAT Y TEE (somaz) PINIZHE T URWEE A



Hotz. DFY, HEDM T 2ITO/ZGEDIEON, EKHFIZESNZ LR BERTITNDEHDTH
D, HEEMTTEIEDOENELNHERTE .

ZUT, RERFLLERROLRE VY TIViRy TEROMETIT> 72, Fik1) T, fEkFE
DFEL) IINT B, BET 1/26~5/8 OBEFEMD AN H > /2. Fik2) TIE, WERFIEOFIE
NI BIIE, BLT1/10 DBIIEHO AN H>/2. ZDOI L &Y, BEFHEIMECEFEL DT
FIRNERE>TWS Zenb, BEIFEHZEET I 22 &R TS .

F72, FiE2)TIE, FEEOHEN TR E BN ZHERN P RIBOREEZ Uz, ThThOfER%
T 5L, a®/NI< T2 LEES & OTHNLHERNPREBOHERIVNI Lo, ZHiE,
aZ/NXL T THEMFEBIKE LS BR>TNS 720, MHUESIHI XN TS TH-o 7.
DF Y, BNAHERN T EEISIEMDIZS D EAVNIWVRY, FHESIHII N TRV 2R
TW5. B2 HE R F EEULEEMEDIE S D E AN WVERBHE S HEM P HBAVNI < Rd LD
Feteaid V), EEDOHEMFEBE D NI WVEREZ SN T WSO THho7. FRFRICEL T
fE5RE TR UZBRTIHMESEZARUTUE S HT, FTRREZBES LTWAD, BRHE
T O ERER AL E % (ARAFE IO RIRN IR D 72O DR IR S L EHRU -

WHETIE, 7 RAYZ3Y T —27 T3 LT3 dhiflkiiiR 2 & OEBOu R T U TE SR
BRI LFHEEMN T I L2 HNE UT, EBOUARDI I U THRT 2 MM, 72 4 L8
SRR & BRI R BRI 2 R E L C Y I al—va vy Ciliz o7, ZNSDFE» 555
NZHIFE LY, kit B E R & FR R U 7. Pk oR [ e R ORI T UL, (F1E X5
IR DD EIT, FRROFHES L OFEEIT o7, TORER, )$%%*ﬁ#ﬁMTét PRER
HOBRBEIIEIEACT B, b) ikl R OEERELIIHE L, Ak KBTI % & PR 1T iR
SRR E LTS, o) TREHAREAD 3~6 5T, FERAEHEBREMD, LRINALZZ
&T, Pk R EE 3~6 B, Ui ARHEOFEIZRAKT 70 [m] WEGEARETH D ELRL TH L /-

6T, AWEOMGmE SHBOMEL £ L D7

ii



Abstract

This thesis for a degree proposed and validated the efficient search algorithm of signal source
location based on Received Signal Strength Indicator (RSSI) due to that we focus on RSSI values
which are different depending on the communication distance.

This thesis contains the six chapters as described below.

In Chapter 1, the background of the study is that ad hoc networks can be used as an alternative
to the existing networks, the current state of searching for the signal sources which are regarded
as rescuers, and the need for GPS-based location methods. As an alternative, the search for
approaching and leaving a signal source using RSSI was described, but the problem and the method
of approaching and leaving were described in detail.

Chapter 2 described the effect of delaying the decision of approach and departure. Specifically,
the accuracy is guaranteed if it occurs up to consecutive times, this is based on the probability of
a continuous event, that is, the decision is deferred until that number of times. Then, a numerical
analysis was performed for delaying the decision of approach and departure.

Chapter 3 described the search for single hop between the signal source and the searcher’s ter-
minal (search terminal). For the determination of approaching and leaving, the moratorium steps
which is the number of judgment delays is set to the variance value based on the fluctuation of
RSSI. And by what the RSSI is measured at regular intervals while the search terminal is moving
and calibrated the received RSSI, it was aimed at what the search accuracy and determination of
the search are improved.

The verification was performed by computer simulation, and it was confirmed that the search
accuracy was 1.67 times higher than that of RSSI without calibration. In the comparison of the
detour ratios, the difference was up to 3.63 times that when RSSI was calibrated when RSSI was
not calibrated. Furthermore, when the RSSI calibration was not performed and the moratorium
steps was not used, there was a maximum difference of 7.68 times compared to the case where the
RSSI calibration was performed and the moratorium steps was used.

From the simulation results, it was confirmed that the search was completed within about 2 [m]
from the distance from the set signal source, and this result had less error than the result of
RSSI without any calibrations. As a result of the analysis, it was shown that it is effective for the
moratorium steps to delay the decision of approaching and leaving. However, it was found that there
is a trade-off between the judgment accuracy and the judgment that the moving distance increases
by delaying the judgment of approaching and leaving. Finally, we concluded that a method that
can be performed more simply with the measured RSSI is expected because this method calibrates
the measured RSSI.

Chapter 4 describes the search for single hops as same as in Chapter 3. For the determination of
approaching and leaving, a value (the moratorium steps) obtained by calculating the moratorium

steps by statistical hypothesis test was used. The two methods in this section are 1) the moratorium
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steps using the probability model of approach or departure and the standard deviation from RSSI for
each measurement point, and 2) the moratorium steps calculated by the generating function Qn(Z2)
of reaching N from the N-stage counter. Each simulation was performed, and the verification was
performed using two of the erroneous judgment rate and the detour rate.

For the simulation, the same wireless propagation model of Chapter 3 was used and the risk
factor a were set to 0.01, 0.05, and 0.1. As a result, the misjudgment rate was less than 0.25 in
the case the moratorium steps was used in both methods, whereas it was about 0.5 and about
twice in the case the moratorium steps was used. In some cases, the search was not completed
within maximum number of steps (s_max) on the computer simulation ,when the moratorium steps
was used. In other words, it was possible to search without extending over a wide area when the
decision was delayed, and the effectiveness of delaying the decision was confirmed.

Then, the comparison of the detour ratio with the existing method was performed in the single-
hop connection configuration. In method 1), the ratio of the existing method to method 1) was
about 1/26 ~ 5/8. In method 2), the ratio of the existing method to method 2) had a difference of
the moving distance of about 1/10. From these results, it was confirmed that the proposed method
was able to reduce the moving distance because the detour rate was higher than the existing
method.

In method 2), fixed moratorium steps and dynamic moratorium steps were proposed. Compar-
ing the results, the smaller the value of «, the smaller the erroneous judgment rate of the fixed
and dynamic judgment delays. This is because erroneous judgments are suppressed because the
moratorium steps is increased by reducing a.. In other words, the smaller the RSSI variance is, the
less the erroneous decision is suppressed. This is because the value of the dynamic moratorium
steps is smaller than the fixed moratorium steps because the environment where the RSSI variance
is smaller has a smaller value. Regarding the detour rate, the search started near the signal source
made the signal source go around, so we consider that the dynamic moratorium steps is a clue to
keep the detour rate constant without depending on the search start position.

In Chapter 5, the purpose of this study is to investigate a method in which multiple nodes includ-
ing a relay terminal communicating in an ad hoc network cooperate to search for a signal source.
We proposed a random search strategy and a strategy of following the nearest node and evalu-
ated them by simulation. Based on the knowledge obtained from these evaluations, we proposed a
strategy of following the fixed relay nodes.

In the evaluation of the strategy of following the fixed relay nodes, the types of relay nodes to
be stopped were classified, and similar evaluations and considerations were made. As a result,
a) the search success rate of the searcher is deteriorated as the number of relay nodes increases,
b) the search success rate of the relay nodes is increased from terminals far from the searcher as
the number of relay nodes increases, c¢) the search unsuccess rate was the lowest when the number
of relay nodes was 3 to 6. Due to this, we considered the optimal arrangement and concluded that

the number of relay nodes was 3 to 6 and the interval between nodes was 70 [m] at the maximum.
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Chapter 6 summarized the conclusions of this study and future tasks.
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o R/ A EHEE (Distance/angle estimation):
W9 oMW, WRMOMERES & O/ 723K, ZOFRISMOMERE FETHHEIND.

o NLiEHIE (Position computation):
PR/ A EHE PSR RKDOMNENZRIN-GR) 2 ERE S & IO ELZFET 5.

o NEHEE T )V T XA (Localization algorithm):
UARDNEZWHEETD72DIZFY NT—VHNDEZ<DE UL IFRTOKEHFAET D201,
EDORRIZEBIET & RET B.

1.2.1 Distance/angle estimation

e 9 DML, SR OHRE L O/ EI3AZICRS.

PEEHEE TR X 1S EAFHEIK, AoA (Angle of Arrival), ToA (Time of Arrival), TDoA (Time
Difference of Arrival), RSSI(Received Signal Strength Indicator) 23% % .

AoA (Angle of Arrival)
EEDREAELZEET I LY, MBHEZITD. AcAl, HRAKTYTFHELIETLA

7Y 7 FEHBLTHEN TN S [E][I0]. EBMON—RI TP ARETH B0, BEAPHRD
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ToA (Time of Arrival)/TDoA (Time Difference of Arrival)
ToA
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BEREd 1L, d=s,(ta—11) THB. s, FERESOEE (EE) THY, mABEIKZEH=T 2
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TDoA
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BETHD 11, 2L T, ERESLBER/NNNAZRAFICEHT2ODN—RI I THIURETH
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RSSI (Received Signal Strength Indicator)
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RSSI L BEEBMO-RICKLATZ NS, BMOEBREMET VLS RSSI % IEEICERT
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1.2.2 Position computation
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Trilateration and Multilateration
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Multilateration (%0 &) &, LYZDERTDERZAVDIFETHS.

Bounding Box
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ing Box &M¥ ¢, 3 DM Bounding Box B’ ZET 2 IEAFDOHLD, IERIE%ITUVNWRKRDAL
BICR3.

Triangulation|[IR], [19]
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Probabilistic Approaches
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1.2.3 Localization Algorithm
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JY X Lld, Table CI D& S ICHFETE 3.

Table 1.1: Category of Localization Algorithm

Category Literature || Category Literature | Category | Literature || Category | Literature
yan:/ it BlR1)e2] | 17 2HY | 2122 EHNH [TR][23] one hop [5][23]
HJUEELR | ) V77 R0L | [B[=]23] | B4 5] multi hop | [21][22]
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E(HBE) ZRDITZIEHNTE, TOHRNMESRICHLTREBETEITWBHNEERS. h
ISl AEE (), WBYE)2T] SREhBEENERTE 3. AiESE, 1 TRER (o)
DEKEERDZETRERNMEONDIFETHD. EFENICIE, BRELZEZRITEVER
Ndm o MBS LTEA, fl(v)=0B5ZITRAMBEES. fl(z) NEAD v 8 EAEAIC,
(o) NERLEISED (Fig. TI). JITEEICRZDIE, A7 v 7iE (Fig. TI D h) DELER
BETHY, EABITZELHRELZEIRZBYBILTLED. #IZ, NITEZLERDADHKE
HEDRICEIELRWL. A, ETHAAOERLETEBEIKAICRDRERT I E2ERIFR, €
DEMRZIRRERE MR,

AREITBEMTH DD, BMOTEWTHY, REEFNLGFEE LTECAVWLNTWS., LAL,
BEMEDREBHICE > TERHIEBRDZFDRIGEDF AW ENEI S, Thid, FRERETERE,
RAEBICREINITRVRANRAREER>TLED Z&TEL S (Fig. [2).

f'(xg) =0

X xo+h
0 0

Fig. 1.1: The hill-climbing of primary variable function.

ZFIT, AR TIE, RRETRVWEFRIMRIEICRE I EA2RITE0IC, HIEIHESEE5 250
HAEMREEITY. 2%V, BREBLTERLT f/(z) PETHNIE, FREITRYBEEHT
3. CONBORECAERDZ &N, RFROFFRMEICARD.

TEENRIER (FIZI1E, BRIEICK > TEET % RSSI) SN REREBD I EIIEERFEET
H5. ANEOBARSICEST, BENICITVW VW ERRENSOBESHTHY, BEOEHAE”
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Fig. 1.2: Do not react the extremum.

W= EWIHTERLDIETHUINTE . AL, BEICE>TEHT S RSSIICEWT
KNEREZHET DDICKRBELRHEORZIRRIZ2EDTHY, BEHICHEEITO I EILHB.
1.5 ZERETFTIOHE

EBRICEETSIE, TRbL, EERABFERITIIETHS. BROBAHNLIRADE, EF
B CHLZ2EEYEESREABERT IZEREADEZINTNICEMELNDSZ. ThETNOEMICDWTEREA
L, KIFRTEIDEICDODWTHARS,

BRREVWOBRNOERT B &, RREMBEWNT DERIZ, UTD2DIC81F5N%. Fig. L3
ICRBRETI DR 28] =T
o BEMDEHE

o REREDHM
INOHFEEINTRRSHORBERDEBEN’ERIND ZEICAS. RIS, BEYOFME ERR
EORMEEZTNETNIEND.

1.5.1 BEYorH

BRETIEBETZDIL, BREVEBEYOAEINL SDBEREF>TWVWS I EDFIHRICAS.
LD L, BEYDIBTIIUTD 2 O”EZONS.



two-side

REREOFE

Fig. 1.3: The Search model classification.

o [two-side (H%H) | BIENIEREICET SHERERSADETVS, BRIBEMICTH

ns.

[one-side (—/AR) | BEMIRREFICHAT 2BEREFLAEDE WAL, B’RIZ—AMICITH
ns.

AIEDHFNLRRIE, BAEEREBICE T - KAIC2TO5NT, BEYORE - FROMOE
MEYIBINDGZETHS. —A, BRED—ANLREKIE, BEWIER (blind) THBHEWZS.
AW TIE, one-side (—HH) =1k D.

TLT, tOBRMOFEICOVWTUTIRERS.

(1)

(2)

(3)

RFRZ2ME: BEERAIR e S EmMN AR EEICE I NS, CORBILBT LEETHNAE DT
U, KRE, EHEMTHDIETOEEE INICZ<OABICHESELT1I D1 D2OABEEXE
LTERT B EICTNIE, BERRIARIRWICARS.

BEYOELR: BHEIMERICKRIIND. EROBE, a) HEROMENLEREEY, b) HER
DBE, BREEZERBLRTNIEALWED, BRIVBMICLS. FRX T, BHOAZHRD
lEETB.

BEMOENA: RREFICIEHBELALSZOIIHRLIKIT S0, EHRIRE (BRAOTThe
TRRER) O KR (R REARER) ICBY, BUHRREBICERY %, ICKRIINS. K
MY TIE, HRZERI & ET 2.



(4) BRYDEE): BEEBICH > THREDHEXRNHBHIEDLS L D 25GE, hEFEENTHS.
INICRLT, BESFREENMEBLTHEELLAWVGS, FBNTHS. FEBNEED
IBEBEENTHY, FENEENIFHLERYTHS.

1.5.2 HFRFORM
(1) BFREOEH: BHEHIERIXFINS.

(2) BRABHDOBLYE: RREN2ERICHET HERNLRRE, 1OORMICEY HH, &
RREDEAELZER T BB BRRICKFTE 2. FAXTIIBMMNLBRRER I L&
¥ 5.

(3) FRABMDERY: RREVAFTELBEROEDEREDNDI ETHY, RREBICHE (ER
) 1’ Hh 250, BRICEFRNMVEIZIEEIE, MEHY LS. FmX TR, HEHY %
%S,

(4) RFHFE: ETEHROBBUBEDCRA, £ L TCEENOERLRANESEREICH > TREY
ThhaZ&THS.

B, RREFOBMBH (ERN) S FEROBMMN (EfRMN) &ITRERD. BBRMRIRRZEME% Eik
MARBERICE>TRRTEZIEEHY DB, TDOLD, BREBOEREEFEREBHOTLMHIELT
LEHEU DDA,

BRRICIIBEBN S ERNICK B I N 5. BEEAIERIE, TR, 1EOBO%A, 2EEORERME
WIILDIZ, EVEWITTHNDE. CDFE, BiERTOFEMICLZREDZIRNEREZEET S
ZENTZS.

EENAERIE, BRTHERYSNAZER T E DFEMNEEDDRNY, EHRTIENTES
BAETH.

PLE, BESMRIRER S EMMARIERICOVWTORB AR, KRX T, BEBMNAIREERD.
2L, TORMEHT LEMEMREDTIERL, FELRAILTWS.

o FFEIMICERL TVWAHA %, RKEREZ I WRADN L TEVEVDORAICITHhN BRI A
RETELT 2.

o BERIBVAIRAZ B LERE L TEBMARITIEMT 2.
BE, BEITONh3IETHS.

1.5.3 BERBHOZEED
ZLT, BROFEAMNTCHEICGTEOREEATMT 2F L4 BRT B EITHLT,

o ERMERDHEAI: FEWRER

o RRITOMEBEREOHFEDR/IME: FREWRE



RENEEE SN TEL,
F7, BEMAERRTEIEICE>TELNBING (BM) %, 1 EOBRCETZIZ NEEE
LT,

o Hifs) XU (IHER-HFNE) O=/ME
o HIFHE (M NE-HFER) O=/IME

RELEEEINTET WS,
KRAXTHE, REREORALEERE COMBBEOMEEORME (FEVER) &, BEY
2% HIEREORNME (FBVER) COWTERT 3.

1.6 AR DK

FERXIE, LTF6ETHERINTULS.

¥7, FRETEHOIBEROHEEZMFIZILICDOVWTIHRNS. T, HEHMROHELZHBFT S
CEDBEELT, ERL Tm<HEEROMAELTIM Y MREZES, HETZ I EICHT DMREH
N3, $B1, BAETRHESRERREOHR (RRAER) BO Y TRy TEEEZWRICLRER
IKDOWTHiNS, BEETHE, 7RRy IRy M7= TBERE L TWSHFIERE 2TEBDIRARD
WAL CTESREZRRTDFEERN TSI 2B E LT, BROmARI|HREL THRRIOWTH
N3, REETHMET 2.
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B2E FOEERFIEDET

BRAETIE, BEEROHEZETF TSI EDMRICOVWTENS.

2.1 FAHLE

B CTHRCBREIOWTRET 2. fIAIE, 34 Y PRATRABERTHSBEL U AITATER
THORELRY, HEIBENERTHRCEELREDNHZ. 21 Y FAOREBNHDIEER, 50%IC
Y, 3RS, 1E1EQOIA Y PREIRTRIILTWS 8, ZD 1E 1 E0OHEE—EED
Po&¥%. QMY hRATEIN AETRICRDIEXRE P T 2L,

Py = (PN (2.1)

I IT, MEWLRRBREZAVWT, IT5—DRETZEVWIRGFELEFRNTZIE%EZEZD. Ih
X, BRTENTR2HEERIFE LIFEED, COBREZ-EDEICHFTZILICLY, Eit N E
ETRDNTREIEDKEZRIET DI ENTES.

TRHE,
(PN <a (2.2)
i log(c)
og(a
log(Fo) (2:3)

THaHb, Ihewmkd, RNDIFEOEREN 2RkD2 &, ERLTRITHEHDFTLNS.

IIT, RRENA—ERLZ—EBRIEICHE LA SRIE L RSSI AER L TIEMs L <
FRADTBIEEEXDE, RSSIDEME L IFRPVOEALER N EDEFTEINE, TORE
BIREESNZEWVWAS. DFY, RSSIDIEME L IEHAPDELZFHAL T, BOEBRHEEZITD
M THY, EERROHEZETFIEHIETHS.

2.2 EOEROHEEHBFIIZIEDOMRE

BABROHUEAHUEMFOMETHFIILELIET, RUTEIMFITEZ I ENHFETES. %
DOHEHFOHIE, RSSIDEME L EBPOEEEAEZITEUBEELL>TVEEVWRS.
AETIE, IR EBHEICLDRFILT 4 EEHEL, RSSIDEME L < IEBDDELEEHAC
ENLBOLNZHBOHFEERBEZ CEICL T, ERLTALERIEIY KT 2 E TOHFE,
EVnEzhiE, MOBETEHIEEFELEIE 2 EDITEHYMRERETT .
2.2.0.1 ¥IEHRMERHEICLDIRFILT 1 DERH

FIEIRIM & BRHEICL D RFILTAIZDWVWT, UTDLSITIRET 5.
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o YIERHREIZ, RSSIDZEAHIEHR L TCELERTIATY THETZIEZIDAEEZLDIEE
T35,

o BRHEICLZRFILT 11, RSSIDE(LHEHE L THE LRI HEMFEBUIET ZEIICE
BREBEENEHAIND I EDHEEZS.

o HIEBICEYTZIRNMNLE, CCTRIARTYITHETIBREIRMNDAHEEZ, BEICTELD,
PTDIRATYTHETIZBEHIAANE—FED T, & T 5.

2.2.0.2 54U OE%E
B DEEZLTICRY. 1EBSETZ2IXMNE T, ERLTAZILETH S I E~DHH %
aly, BBRDBZBATHZZEANDRFILT A%V &T 3. 2L, a, LVIZFBDEHRET 3.
ZIT, k(>0) BEQHENSHEMFEBUET 2HELE P, & LT, FOBEOHETHEYRF
EHIEL RIS /IBE, b+ IEROHEETIZEIKLYBLNZNBORRFEE,, 1,
k
Bpyy = a- Ty P — (k+ DT —b-To(1 - [[ ) (2.4)
. i=1
= a - Epp—(k+ )T —b-To(1 -] P) (2.5)
=1
ERED. ZITERa, bIE, ERDELEED. By BEHRLTAZETHE I EANDPFHETH
Y, Eysi=a Ty Py TH .
B PHEBFERN ICRZETOE HS Ey ECOEEHETZIEICL ST, BEMRD
HEEMF T DI EDMREMD ZELHETH S.
2.2.0.3 BUEMT
Y DEEEZFALT, ZORMEHEZLUTICRT.
k(>0) BIEDHENSHIEMFOMICET 2HEKE P&, Py E2AVS. EHaDfEIF, 1ELT,
b DiE% 100, 20, 10 D 35&BY IKEAIBE, k+ 1 EBTONBOMIFEE,,, &, Fig. ZID&
DIRERICAD. 0B, bDIER, BREDFEHELEZ. TDald, 0.01, 0.05, 0.1 D3 D%H
Wiz,
bA100 TEOTHUETE, | REDEEES. RIS, bH20TEASLE, bA 10 TEH 4
UETEDEZES. 2hid, ThODEUTTEEHROHEZITEY S B oNIFEN QW
&, HEDREMEWCEARLTWS., £oT, INODEULETEEBROHELITEHRE
THBDEWVWZS.
INLDREREY, VICLE>TEEHROHEZITBIZ2 EBFEONDMNENERD I ENHERETE
5. IhiE, BRREQIKETS.
HIEIRMM S L UBRHIEICELBRFILT 1 ZEHL, RSSIDIEME L IEHAPDOELZEHRZ &
LEONBMBOHFEZRBES C EICE > THEICEMNQOHRE THEZ MY 5 2 & DMRZH
@l
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----- b=100 — - b=20 b=10

100 T T I T T T Al T T
50_ I/ —
7
0 ORss " i
.50 | 4
-100 1 Leo-o-|-" | | | | | |
i1 2 3 4 5 6 7 8 9 10

Fig. 2.1: The expectation value.

2.3 LIV

BRETIE, RSSIDEME L < IFHEPDEILZFHA L THHEBERHFIE 217 5 BHIC DO W TOER
T, ZLT, TOEFDIREHERMEBRHEICELEZIRFILT 1 ZEEL TRET L <.

INET, BOMROHEZIBTTFIT DI EDMRICOVTHNELY, HEZBFITZIE, DFY,
HIEQBE THEUWBRKRDFEICDOWTHENT 3.

HELQBTHEMBMERDFIEIL, 7L —LBEHOMARE/RAFRENHS. AIAKREER, F
HAENTWRICEED LY, BMEFNARFSRHRY ICL > TRENERNh TWaW el L, R#%ZE2
ODOEMEANH > THEBIITNZEIIRVE D, nBERKTI L—LTRBEANMEThTWE I L%
MELCEEICHIBIE S ETHS. Thid, ATAREnRERINS. BAKRESE, FEEI’RN
TWARWIHEEDHL LT, BREFMNARFSRY ICLYRBAIMERNTWS EBR> THIINAWE S, mE
ERTIL—LATRABAMNTWS ZEMRE LAE SICHIMTT 22 THD. Thid, RAREm
BeRIND. —flE LT, SONET (Synchronous Optical Network)/SDH (Synchronous
Digital Hierarchy) O} 7 7 4 N—@&ET7 L —LRAHIEFFIAINTWVWS. 207 L —LRHARE
T, STM-1{E54ETIRATARES B /BAFRE2KREA>DTWS [29]. TI TR, MEETEHA
ZRELEIESOBAIERE LTERINTWVDS.

e, 1V =3y MIBITZBHRIRRT, 97 v NTHEIRRBRIRERINAGWES, H5
R CHBEE I EMRETHY, BRI S —HNEIDHEELMEINIC—EDFRLTICHHET 3R%E
B kOB ARNE, RFEFHICE > TAMNRRROB ZROZAXAMRERINTWS [30].

ZDEDIT, TENMMERIOERLERZTDLOIC, HIEZHEFITHIET, LY IEERIER
ZREIELTWVWS.
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&

E3E

4

> TIViRy TEROBREZRFE 1: RSSID
5 X EFEHFEIEICF

EBETIE, RSSIZH EICLAEERERHIEZAWCERFEE LT, RSSIOW 5 X% HIE)H
FEHICFIA L BORRHEFEICOVWTHENS., RETZ2 TN ThOHEBEFOHRZFIAL TG
B IalL—YaryTIHMiEiL, TOMREENS.

3.1 FANE

ENAIWERRY N T =D, AVISAMNZIFvHYEAVTIZFANSIIFYRLD2TEED
XY NT—=VILDEING. AVIZANSZIVFvEBEATRXY NT—=VILET V9 EZRRA Vb~ (AP:
Access Point) &N, 7V ERARA v ME, EMBICHEET 2. EiRERIE, AP 2N L TEBE
TEIRENHD. AVITZANZIVFVRLORY NT—2ICIF AP D& FNARVWESD, EIRHKA
TICE7Y—ET7TEEL, ThE7RERy IRy hO—0 & ENS.

TREY IRy h7—0DRIE, BHEBNDO2ODISRAICISICHEDEINS. BT R
Ry IRy NT—0 T, 2y 7= DO—8BICHMAFTFNERIRROMEIIED SRV, —7,
ENANT KRRy 9%y hT7—% (MANET: Mobile Ad Hoc Network) &M Eh 3Ry b7 —
71, BEREROACL > TIHAMBEDRBEZRRT HRMTHY, ERmRIHIEMINLY,
BRELEY, BEITHI2HNRIRTZ/ELTWS [2].

BIRHARDMAEIX, MANET TEABATHY, IEZRET 2DORMIVETHS. 51,
GPS (Global Positioning System)[31] I&, FICHERHARDOMUEZRET 27HICHERIL TV
%. L, GPSAERATERWVWEIRIEENH S0, GPS #FERAETIC MANET TZ DAL
BEZRET2HEIVETHS.

MANET (FXEERIARFICHRMICERATSE, KEROMEBNEEIO—BNICLRZ I EVBHFEIND
[32].

ZOFED1DELT, MANET CRSSIICEDK IEM#EEAFAT 2 A HFEINS. Th
&, BERTOTILFNRRPESOENRGE, IFIFRERERICEY GPS DFERIGHEIRINTLED
72HTH3. &<IT, GPSORDHY E LT RSSTICE D B EEAFEA L T, MELESHE TR
ICERAINE ZEPH/FINS.

RSSI ([CE D CGRMIEME, < OMBHICL > THEINTWS. ZhiL, RSSIH% < DER
IR CIREMBEEE Mo TV, ThSIKIEBMON—RYI T T7RBEE LBRWVWAEDTHS. T
DD, mARDYAXEAR N ZHIRT B EDHFTES. L, RSSIIFIEEICERTHY,
RSSID#HMNOHEBEAHTET 52 & IIFEBICRETH 3.

B =RES (PLE: Path Loss Exponent) (&, RSSIICED EBHEEDERRER/ S A —
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Y TH3. RSSIICEDCHMIFEZRITT 2RI, TDEZHM > THEHSENHS. PLE [E&E/N
— %% (LSM: Least Squares Method) F7z I3 Z DDA LUEEZ MR L THEI N DY, BIEE
AEICKFEALSDIMNS. IhiE, APAFERALTPLE 2#EJ2DICE/FAENBETHY, RSSI
ICEDCIRBHEDRERTH 5.

IhF TOETHR [33] [33] [85] Tld, LSM %2R L TPLE Z#E T 2 AEMRRINA. &
nNoOFEIE, BEEHI/BATHID, AP L SDERAALUINS Z & THENTHOATWS.
LHL, ThoDRERIFRERENTHS.

L7 > T, RSSIIIHERICEBRTH D78, RSSIDLHIEEBHEEZMEA L IRRIIENETH 5.
Ihid, ERBIENI M ZEF TSI EEZRELT, BRN\IA S Z2HBLOICEFORERLT
EERERRTIFEEZRAT DI EDBEDHDEEXS.

AAROENE, RSSIOKRNMERZFALT, BREORFRAVERGE L ALINDESR
IR T 2FEERFTHIETHD. ZLT, AFRDRA ¥ M, RSSIDERPAEZTHT,
BIEZHE L7 RSSI & RSSI Z4#% H (RDD :RSSI Difference Detection) % FJf L TESIRIC
BRI 2HETHS.

BIFZfE L7 RSSIIE, LSM Z#FIf L TIRFEImARHLIBEIFICESE L7/ RSSI TE{TE N1 5. RDD
i3 RSSI OKR/NEfR%EMERT 272DICETL, REMADBEFRALZERTHEHMTHIEICE
FIAINS. RICHMIDBREAADEETH>TH, HIEBFOUIERT 2 X TREAAZHRT
5. TORHIC, VEy SN RDD ICRESNS. ZOHEEFEEIE, RSSIDEHZK
FTEICKFET 2EHTHD. RERIC, AARTIE, BEEVESRENDEEBEEZ _FTHEAIRR
#= (RMSE: Root Mean Squared Error ) Zf|f L TeHMliZ1T>. I5IC, ESRICEET 2
TICE LA MBERRBICEDVWATEEA4FIA L CFHMfix1T>.

3.1.1 B=

DtV avTid, IEEE 802.11b & Z® RF F+ XIILEMHICE DLWz MANET ICDWTHE
BICERBAY 5.

3.1.2 MANET based on IEEE 802.11b

MANET &, 74 ¥ L ATEHRINLZENSIVIGROBEERAN VY ITISAKSIF v LARY b
7—JT#Hh%. MANET O&ImKIE, FREOAMICHIIL TEHICEETE, DmR~ D) VY
HEERICER TS, I5IC, BMKIEBBOFEREIEERONS 71y I 2EETI2HRENH D
O, NZT74v DR ETEIEEMEERS.

IEEE 802.11b X— R DIRFHARBEDERBFEIE, HBOF v RILERETITONWS., EAH
I, ACFvRILERBIRLTCEY N7y TI20ENHS. I5ICMANET T, 8%, 7771
MERAINDIEFRATVTH (BERETVTF)IE, HoZ2AAD/ —REBETEZLHTH
%. IEEE 802.11b #R#& TIZ &5t 14 DEREF v RIHDEZINTVWS. EWIERLBWF v
XIVE1, 6, 11, 14 THY, IhSIETFHRLTHERTES. L, FRTESF v RIVIZEIC
FoTERS.
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3.1.3 &M
BRRIHERTEEINZIESDENL, BRIHERBDERIGECTERS. HEMMATORERRHERD
RSSI(F, ZOBERERNSDESHZOHETENL SVBWHDIEETH S.

2
P = TG W (31)

ZZT, BINSA—HIEFLUTDOLDICEET S.

&N (W)

oinfi

P.: %f
Pi: EEEND (W)
Gi: EEFRE
Gr: ZENE
At KRR (m)
d: BISEEBE (m)
ZORSSIE, BHZEBEETIL(FSM) & LTETIMEIhTWS., ThIFEBEMAREFETIVLT

HY, BEBEZERNAMAE LTERLTWS [36].
$Y—BHTELFERAINTVEZETIIE, v RIAVTETIV(SM) EEENRD. ROELD

IC, WERETI [B6] TETIEINS.

PL(d) = PL(dp) — 10ylog1o ((Z)) + X, [dBm)] (3.2)
PL(d)[dBm] ~ N (PL(d)[dBm], X2) (3.3)

ZZT, ENTGA—FEFUTDELDIICEERT 5.

PL: RSSI [dBm]

PL: ¥4 RSSI[dBm|

d: BISEEEE [m]

do: ZHREEEE [m]

v: BEEERREH (PLE)

X, FHAMEDZEB AR T E, FH0DH I ZARHICKD TV ¥ L7 {E [dB]

Eq. (BO) & (82) OERFFME% Fig. BI~B4 IR Y. Eq. (B2)(80)~(82)(84) &, X, &%
hZh 3~12[dB] THBGEDFMZRLTWS.
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RSSI [dBm]

RSSI [dBm]

RSSI [dBm]

1 | | | | | | | | | | | | |

10 20 30 40 50 60 70 80 90 100110120130140150

Distance [m]
Fig. 3.1: RF specifications, X,=3.

+ X=0 x X=6

1 1 1 | 1 1 1 1 1 1 1 1 | |

10 20 30 40 50 60 70 80 90 100110120130140150

Distance [m]
Fig. 3.2: RF specifications, X,=6.

+ X=0 x X=9

1 | | | | | | | | | | | | |

10 20 30 40 50 60 70 80 90 100110120130140150

Distance [m]

Fig. 3.3: RF specifications, X,=9.
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RSSI [dBm]

1 | | 1

0 10 20 30 40 50 60 70 80 90 100110120130140150

Distance [m]

Fig. 3.4: RF specifications, X,=12.

3.1.4 BIEMRE

Range — based DAL F % [87) [22] [21] [BR] (&, ToA (RIERFE), TDoA (RIEREZE), &
LU RSSIICED FEBIEETH 5.

ToA & TDoA I, BEEEICISLT 200/ — FRZBENT 2ESDEL KR EHEMAY 5754T
Ha. YPR<EHEZIDD/—REFERTIHENHY, /— FEORKEORBEIKBETHS. GPS
FRELCEETHS. RSSIF, ERMBARIREMEATEHETHD. P EE32D/—NaER
TEIMNENHS. RSSI CHEZEE T 2ICIE, RENOEHMRAROET ) VINUETHS. <
512, AoA (BIRA) =R LRAMFETR, REFESOAEZFNATS. Pt 2270/ —
NeERT2URENHZD, AAZHEET ZICIIEAET VT FHARETHY, IR MO ToA,
TDoA, 8LV RSSI LY EEMTHS. Range — free DBIMIFE [39] [a0] [05] [25] &, T~
RI—0FET7Vh—/—RE, HEI LI >TWE1D2D/—Ra2FIRATEHETHS. B
i, PYA—/—RETOERERY TRICLYHESINS. PLE #E [33] [32] [35] Z2FERA LKL
Range — free DBILIFiENE, RSSINOFHEINIEMKEELZFATS2HETHS. PLEHEICE
Y, EEREHEEIG LY IEMHIC/AS. PLE #EICL 2 IEREHEED— MBI R % Fig. B8 IR Y.

3.1.5 A case of the known distance

BlE LT, BRIBREOERSFENOEE, WEINE RSSI % Eq. (82) KU TIEH2. 2T
T, INODAET—YEERDARER y=azx +b ICZHL, PLEIXChLDREIET—4 & LSM
ICE>THEINS.

N
%Z — (az; +b))* = min (3.4)
ZZT, Eq. B2) JYBNSA—FRLUTDLDICEET 5.

Ty loglg(d)

Y ﬁ

19



Mobile Node Target Node

., This distance is known.
>
-

()

Access Point

Fig. 3.5: General concept of PLE estimation by using LSM.

a: 107

b: PL(dy)

2L, do=1m D7, b ITEHTHS. TDHW, a DAHEEZITD
S wiyi — b mi

Zﬁvzl 333
Zhd&Y, PLE X Eq. (BR) KYHETES.

a =

(3.5)

3.1.6 A case of the unknown distance

SBELTDOHEMMNRET S ET, RNMOERHOBMENERAIND. EBE, 8Smx8m D7 1 —JL
NiC 16 BDOEEmRRNREIN, INTOROEIN2. 8m THY, FFHN 4 x 4 DIFR/Y —
YTE2mERTRET 5.

RDESICL THEBERIBEINS.

(1) =4y N RKOBEIAERETD. =45y NEROBEIEIFRRBELEDY, BBLFOEIEHEE
T35,

(2) XA RSSI ZWFS I 2EEmMADIRKY 5. ¥ —7 v MaRIEZIDEERAKICIEWEHET
3.

(3) BEAR TRt =SRY 5. R, ROV o BERKDERENSHEINS.

N, BI8 TR LDIC, PLEIXLSM ICE>THEINS. Ih&V, BEEHEI H
ETXDBIEICRB.
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3.2 POSITION TRACKING MODEL

Fig. BB ICBET2RNEZTY. BEETNEZBRICTZLHIC, ESREFELTVWS ERE
5. CORESRIE, MAEBZBRETHIRRIHERETS. TLT, EEROUENTRALIGE, B
RINLCETINEZHEATSIETEBRICEBAETES I E%2RaE1T 5. KEITIE, RSSIICETWT
EERERRTIAEEZRETS. 1KLL, BISLAL RSSIICRREREL TRELLEHYT B0,
RSSIOBRENEEE LS. RRTDFEIRL, ESRERRNREDOERZBET 27-ODERAE
ZIThRW. REHEARIE RSSI EBSOHBEHRZFAL T, RSSIZRIEZTT.

AHRFME LT, BRRImKIE

e RSSINENSTXBZ &,
e RSSI Z#EMIIAEL TRFCTE D L.

o BEFHASMT I ENTESZE (AEANSASNIBADHADELEERT ).

&9 5.

Target Node

Mobile Node

‘ Other Mobile Node

Fig. 3.6: Typical situation.

AETIVTIFBIEAEREL 7 RSSI & RSSI DLE®D 2 DOERICHITOND. BIEASEL - RSSI
Tid, BEIHRICLSM A2FALTRSSINREINS. TORSSIIE, E8R%IEFRT 57-5HIC RSSI
DLHBERTEHAALHETZ22HDICFERAINS. FETILOBES Fig. BOICEETILOER
TEERT B.

(1) SV LRABRICEET S.

(2) BEEEE, BBEE Omoving.ange="/2) & YRET 5. ESEE TORER (1) By =2 &
T% Z_Jh,ti, %Eﬂﬁﬁ%ﬁ‘i QmOUmgimgle T T;*/rﬁ—é hé

(3) P2 Eq. (38) & YRET 5. BEHIC RSSIDFHIL (Ave.) 1TV, X2[dB] IGUEEDIE
SOXAERTIE (02) ERET B.
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(4) Eq. (BM) T true »* reset counter BILAEDNLIAD ZHEERT 2.
(5) RREDMUENESRD SREMBEIRBELIAN BT

(a) BIEIEBLIADESIZBRERTT 5.
(b) BIBIEBLLIAN DIBA L RREBTT 3.

(6) BENHFRAHEE (0) ZRET 5.
(7) BE)SAZEET 3.

(8) 2)ICR3.

B.(d) RSS! P Yes
Start Calibration Target Detection End

Cngf gl of moving RDD
|||||||

Fig. 3.7: Host approaching model.

3.2.1 RSSI Calibration

BRimRlE, ZPRRYIJE—RTESREHEEICERFEZTS. GERIEIBEBLAVEEETS. 17
RinKRITERNICKREL, REIEHZBNETE2H5DETS. LT, ERmARIE RSSIDEREMNT
$260&T 3. Fig. BRICKT&EEH [, b] DRSSIDIESDX5RD2. KEHE [a, b] B
ZRAEEDIESDEERTEI, 02 & LTEEINS. RSSIIE, BEHICLSM %R L THEX
N3, £<IC, SEE[a bl IKE3DDRAY MABY, A bREIDIEMIFRERER OB EIER
EREKTZRATYTELTERSN, 777 MEELTI mICEREINS.

ZD7®H, BEq BaA A E QRIGTLERD LSM A/ LT, RSSIABEATY. RIS, ab
IERDEDICETEIN .

N iy — S w6 o i
NZ?LNU? - (Zi\il xi)Q
DT fvlyi — i T %ff\il zi (3.7)
NZZ 1 z <Zz]\£1$z)
ZZT, NIFAEBHTHY, REHADABEZEZDE TR stepBICHD. ZLT, y &
RSSI, z; ($1loglO(step; + 1) TH2. BIET S RSSIIF, PELTRDEDICERT 5.

a= (3.6)

N

P =b+a Z logio (step; + 1) (3.8)
i=1

RSSI DEIEIE Eq. (BR) NODERT Y FTHETE S, ZLT, PIKOWTIE, B3 TR
B9 %.
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Step Step

Step

.................... (_3(_1/( )r:ovmg o

range[a, b] }

range[a’, b’]

Pi_3.Pi_5.Piy P 2Py P;
O mobile node
(" 3 (

movement locus of mobile node

P, Ave(a?)

Fig. 3.8: Variance of RSSI readings at each range [a, b].

3.2.2 Target Detection

FEREI, AN T LENEI N ZRHET 2LDIHERTS. AR TIIREERMABGRICT 5
DIZ, v H4DEZITESENS 5m OFEBEA-61. 389 [dBm] ICERET 3. BEHN P -0 LYK
TWEE, BRIFKT & LBRIERIFESELS 5m UAOERICEETE LI EA2EKT 5. it
T, BMEREEA 5 m IREINZEHIIROD2DOTHS. 1) BRHERNMESRICRENIED <
ZEDNTEDERTHDIE. 2)RATY TN 1 m THB7H, ESREETORMEZHEERL AW
TcHTH 5.

3.2.3 RSSI Difference Detection (RDD)

RSSI 54 H (RDD) &, Eq. (33) #FfIAL TP & P, DRITANEHEA1TS. RDD IX
Eq. (B3) ICEJSVWTEEI N, TOHE% Fig. B9IIRY. Eq. (839) Ttrue DBE, ARADE
ENBETHZEHMTEIET B,

P, —30; < Pi_i + 304_1 (3.9)

D&y MEtEERIE, B FORZBIBT 2 X TRIFAZHITTHLOICEREINS. Eq. (B9)
DNRICEICARDZDIIME D TlEA <, Fig. B0 IRT £ D ICAIE b A S ERRMICHIE LKl 5141
BY THEDZEAZETTS. HEBFEHN ILROL D ITRET 3.

N = \/Ave(o?) - 0i (3.10)

NIEEHTHY, TOEIE X, ITEKET S, LD >T, NI X, P IWNFENIL, X, AKRE

WEERELLRS., ZDOLDBREANS, RSSIDKEIWEENIERE T 2B ARGIEDIRFE % H)

#lTx%. /<72 L, RSSI #'BHE (Threshold) + (-15) [dBm] L FDIHE, N &5 ICHREINS.

I, BRIGRIFESREIGEDE, BEEIQVEDICESRICAL > TN BEIT 2HENH
31=TH5.
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Fig. 3.9: Compare large and small between P; and P,_; with using the variance.

PR - s
~
7 7 - = N
7 s g “ N
v 7 Moo
/7 7 R§S{ gradNent
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[ ] target node 1 |
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Fig. 3.10: The reset counter and change the direction.
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3.2.4 Movement Angle Control

BEAAGIEE () 1F, MESLTREINALRSSIIKIGCTREIES. 0 IFRDL D ITRE

¥5.

P.>P

Ti—1

IN
e/

i, and

Y
el

iy and

P,
P,
P,

IN
el

i, and

7L, Eq. (312) 7' 5 BERE L& X, 0=60°

and Plll > lel —0=0°

P <P, — 0=090°
P <P | — 0=45°
P >P_, — 0=45°

&9 5.

BEARFEE (9) &, Eq. (8310), (312), (313), (81a)ICEVWTEET . Eq. (B10) &
YESBEAEILTWSEMET 3. Eq. (B12) LYESERENSER L TWS EHRET 5.

Eq. (313),
Eq. (B11),

3.3 #R

(BI1a) T, MBELCERIEI N RSSIDZEENEAY, BE)HBGHHE
(BE12) DEDOH D DAEEET 5.

C ++ (Microsoft Studio C ++ 2010) TR IN/FEME I 2L —YaVEFERLT, 1
RINLETNEREOBRIEBEREORE R, SFE L <.

3.3.1 MEI&FH

REBEDICEHEH Y I 2L —> 3V THWBNRSXA—YETERT.

Table 3.1: Simulation Specifications.

Parameters Values Unit
Wavelength 0.125 ( = 2.4 GHz) [m]
Transmitted power 10 [mW]
Antenna gain 1.0 (transmitting/receiving) -
Radio propagation model Shadowing model -
Received Signal Strength Pr(dp) | -33.425109 (dp=1 m) [dBm]
Threshold -61/389 (5 m from target station) | [dBm)]
Effective measuring range Max -200 [dBm]
Path loss exponent, - 4 -
Shadowing deviation, X, 3,6,9,12 [dB]

SRR IaL—YaviE, 2RTTFELTORREERETS. TLT, 2 RTEREEDOAME L
YRR AEFIAT % (Table B2). &BEFEBARIEIC100EDOYIL—Y 3V A2RBIDE X, &
ICEIT9 5. EBIRIZ (z,y) = (0,0) THRILELTWS.
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Table 3.2: Starting positions of searcher.

Test 1 Test 2 Test3 Test4 Testd Test6 Test7 Test8 Test9 TestlO

100 90 80 70 60 50 40 30 20 10
100 90 80 70 60 50 40 30 20 10

2
B

<
£l

3.3.2 EEHEIIaL—YavVORBR
3.3.2.1 HBE

BRIGEADMESENEETETERIMRT TETCWENERIET 5. TOMM@ICIE, FFREARHE
BEERENICAIB L& XDME 2,4, (PFY, BEEKRTLELLEX), ESROME 2, y, DRE
DAE X AR REHTLHIREZ (RMSE) (Eq. (BIH)) £AV .

N

RMSE = J % Z [(fn - xn)z + (yAn - yn)z] (3'15)

n=1

BREEMELA RSSI 2 L2158 DESRADFELOEE % Fig. 3110, BRIE%MEI %4\ RSSI %
FRALBRWBEDESEADEIRE % Fig. 312, TL T, REAEIAVRSSI #FHET, H»
D, HEMFEHLLDOESREADELRE % Fig. B3 ICThThr L. MHbhT, #EhIEER
thth S ESIROEER [m], &z RMSE [m] 2K 9.

Table B3 |, BEAMEX AW RSSI 2 LAWEE® RMSE ICEIE% i L /< RSSI % {#H
L7BED RMSE ICRT 5aRLE. ThdY, REZRELZ RSSIDIFERIZ, X, BRI WIR
BTREZBIBNDLIBALUANTRAT 1L.67TERENSVWI EA’ERTE 2.

- Xg=3 — - - Xo=6 Xo=0 Xp=12

T T AT L T T T AT A R T N —

RMSE [m]
O, N WAPHAUTO N OO WO
[
l
|

0 10 20 30 40 50 60 70 80 90100110120130140150

Distance when starting the search [m]

Fig. 3.11: RMSE with Calibration.
3.3.2.2 RSSI O#IE

AETIE, P OBEDEAWIDOWTKRIEY 378, P, &L THRY 5. Fig. B14IC Fig. BIT
TX, " 12[dB] TD P,, PO—HlaRY. TL T, LLEBEDLHERER (X,=0) D P, tARICE
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RMSE [m]

RMSE [m]

ORNWAUIONIOWO

ORNWHAUIONIOOWO

T T T T T T T

‘‘ T — . — . S | . . sttt i et s

I
I S Y I |

| | | I I | I | I | I | I |
10 20 30 40 50 60 70 80 90100110120130140150

Distance when starting the search [m]

o

Fig. 3.12: RMSE without Calibration.

I I I |

FrTT T TTTTTTT T T

10 20 30 40 50 60 70 80 90 100110120130140150

Distance when starting the search [m]

o

Fig. 3.13: RMSE without Calibration and N=1.
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Table 3.3: Ratio of ?RMSE with Calibration” to "RMSE without Calibration”.

Distance between the

starting point and TN X,[dB]

Coordinate | Distance [m] 3 6 9 12
{10, 10} 14.14 1 0.99 | 1.01 | 1.29 | 1.58
{20, 20} 28.28 1099 | 1.03 | 1.21 | 1.45
{30, 30} 4243 1 0.99 | 1.07 | 1.16 | 1.52
{40, 40} 56.57 | 1.00 | 1.03 | 1.18 | 1.65
{50, 50} 70.71 | 1.02 | 1.01 | 1.20 | 1.67
{60, 60} 84.85 1 0.98 | 1.04 | 1.29 | 1.53
{70, 70} 98.99 | 1.00 | 1.00 | 1.13 | 1.51
{80, 80} 113.14 | 1.00 | 1.02 | 1.09 | 1.46
{90, 90} 127.28 | 1.02 | 0.99 | 1.01 | 1.45

{100, 100} 141.42 | 1.00 | 1.00 | 1.03 | 1.60

¥. @rhT, BB S S S SO [m], #8E RSSI[dBm] TH3. BRI, B A
MBHICEES N, X,—0 DA RSSI DMEISES WA EAbHS.

x P ¥ P Idle
0 | T | l T 1 |
220 L _
40 _
E 60 fox -
B gl e, Sk T i
m * Ty X X
-100 | Witk X o x _
@ X R %wi‘xvxgx MR 05X Ko % e
- - K T AR A M T
120 y yﬁ WW;("%
-140 | *
-160 I 1 | | | I [
0 20 40 60 80 100 120 140
Distance [m]
Fig. 3.14: An example of RSSI readings.
3.3.2.3 EEFE

REFENMESRICEEET 22 EOMFERICOVT, FTEFEZD &ICKREEZ
PO ERECTNERHIEERI LGS, RREOBBIER IR 405, BRENMESRICH
ERICHRRTITVWEIHLDIERTH S.
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SEEE () 1, UTOLDICEST 3.

’]7 =
PRERICE L -8B Rt

BEFRGAL R & 5 5RO EMRIE (3.16)

BIEARE L7 RSSI 2 L5800 % Fig. 318, REAMEI A\ RSSI %A L AWEg
B0ZEOE% Fig. 3168, TL T, REZBEILRVWRSSI #FAET, HhD, HEBEFEEHLLOFT
BX % Fig. BI7ICThZThr L. P T, #EedZeEmnts s ESROER (m], M@, T
H3. 1120, BRD limax LATHERIMRT LA > ERIEBRWVWTH 5.

ceee Xo=3 —— = - Xg=6 Xo=9 Xo=12
50 T T T T T T T T T T 1

40 [ i
30 | i
20 | i

0L S , ; _

- = Ta. —
i e e T T p e T T

0 10 20 30 40 50 60 70 80 90100110120130140150

Distance when starting the search [m]

Fig. 3.15: The ratio of detour with Calibration.

50 I I -I”-I I I I I I I | I I I

40 |- 4
30 L 4
20 L i

10 —-. | =

. —— e o —— = T lee=m "

0 | | | | | | | | | | | | | |

0 10 20 30 40 50 60 70 80 90100110120130140150

Distance when starting the search [m]

Fig. 3.16: The ratio of detour without Calibration.

Table B4 |C, Fig. 16 @ Fig. BI8 ICx$5kAER L. Th&V, BEAZRELZ RSSI %
FALALBRIIREZEI LRV RSSI #FEA LRWEE AT, RKAT3.63 EOREERMOED
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40 |- -
30 |- i .
20 |- T R T .

10 S . _

0 | | | | | | | | | | | | | |

0 10 20 30 40 50 60 70 80 90100110120130140150

Distance when starting the search [m]

Fig. 3.17: The ratio of detour without Calibration and N=1.

Holz. BT, REEZEIARWRSSI Z#FEH LAWVEEN LR ERTIX, &ATO0.70 ZEDHE
EROETAIAERFRI 2. TNOLDERLY, BREEELAZZIET, RBEAICRIZ EARLE
BTN TETCWVWBEVNZS.

Table BA (¥, Fig. 317 ® Fig. BIS I 5%ERLE. Th&Y, BRE%ELZ RSSI % 1§
ALABERREEZBIZVRSSIZFEAL, /2, HEBFOHEAVRVWEEEERT, &KX
T7.68 EORBRIMEMDELNH o7z, RIEEZREIAWVWRSSI ZFAET, »D, HEMFOHERHW
THRWEAEDN LR > HERTIE, RATO54 EOBREEMOETH . IhiF, X,=12[dB] T
{10,10} D SIRRERABLIIBETH o7, HIEBFOBAKREIREICR>TLEIZLT, HESE
THENMNIATLE>TVWAZEABALTWS. LAL, RSSIOREAKEL, HD, HELEY
F92 & TRUEIMIFISN, EKHEEICRRZ ERIERNTELEVRS.

INLDERLY, Fig BIa OFRMIOBER I YVMERLCIFERTETCVWSE I EEZRLTWS.
IZ, Fig B8 & Fig BT DR T, HEBFLOHROMENETWSE I &b A S, Ihid, Brk
ROHUEZFLARWI ET, BRHUENEL, BEEHEIRSG>TWLWLEL>TWVWSRLHTHS.

34 LIV

RSSIZFA L TESRICEET 27-ODFEERE L. TOFEIR, REEHEZHEEETHLT,
RSSI €7/ (Eq. (B2)) /X5 X —4 (7)) DEED/HDERAEEZLEE L., BRIFEKRIEF
—ERLAEBH LAY S, FHEBEICESEN,SD RSSIDBFIEAEIT. BIE LK RSSI % FRE
EAETVWEDNS, RSSIOKNMERMSESRICH L TEEBROHEE TV, BEAAGEETD
ZE &Lk, ZOFEDOFMEIE, 1) BREERDVMESTREABELTITHRENMTTETVWSED, 2)8
BB R COESRE DERHICH T 2BEEHOLTHDEEEK, ®2DTITo2%k. E5ELID
5[m] DEBRICHEBETE /LI ETHRRRTEARL, BLZ2[m] OREHETELTETWSZ
ENRERTE. BREAKEIRWV RSSIDHAI, X, B 12[dB]|DEETHELZ 4[m] THo L.
NN OHEZIT T 25EDRREERTH o /. DI &IF, RSSIDERIE EHIEITH
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Table 3.4: Ratio of ”with Calibration” to ”without Calibration”.

Distance between the

starting point and TN X,[dB]

Coordinate | Distance [m] 3 6 9 12
{10, 10} 14.14 | 0.70 | 1.15 | 1.32 | 1.76
{20, 20} 28.28 | 1.12 | 1.26 | 1.27 | 2.89
{30, 30} 42.43 1 0.97 | 1.24 | 2.11 | 2.08
{40, 40} 56.57 | 1.08 | 1.25 | 1.68 | 4.48
{50, 50} 70.71 | 1.08 | 1.25 | 1.68 | 4.48
{60, 60} 84.85 | 1.21 | 1.38 | 1.89 | 3.63
{70, 70} 98.99 | 1.06 | 1.45 | 1.99 | 1.91
{80, 80} 113.14 | 1.13 | 1.43 | 1.82 | 2.08
{90, 90} 127.28 | 1.21 | 1.27 | 1.74 | 2.23

{100, 100} 141.42 | 1.27 | 1.62 | 1.55 | 3.46

Table 3.5: Ratio of ”with Calibration” to ”without Calibration and N=1".

Distance between the

starting point and TN X,[dB]

Coordinate | Distance [m] 3 6 9 12
{10, 10} 14.14 | 0.70 | 0.61 | 0.55 | 0.54
{20, 20} 28.28 1 0.98 | 1.36 | 1.57 | 2.69
{30, 30} 42.43 | 1.64 | 2.42 | 3.01 | 4.00
{40, 40} 56.57 | 1.86 | 3.76 | 4.35 | 4.65
{50, 50} 70.71 | 2.45 | 4.46 | 6.55 | 5.46
{60, 60} 84.85 | 2.77 | 6.25 | 5.82 | 7.19
{70, 70} 98.99 | 2.46 | 5.30 | 5.94 | 7.16
{80, 80} 113.14 | 2.86 | 5.31 | 7.74 | 7.68
{90, 90} 127.28 | 2.95 | 5.57 | 6.60 | 7.14

{100, 100} 141.42 | 2.88 | 6.51 | 4.57 | 7.25
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FFHENEMNTHE I EERLTNS.

X502, FEE () ABBERIEAS & Z 60[m] £ TEE—ETH o, BEIRIA SIS
SEIGETSEE nBAZ < Ao TWB I EARBLL. Thid, UERFEEIEELTNDEE
253, ESEMECEEBROUELABFINTLE>TWELD, BHEEIISATLEST
WBEHTHEEERS.

AEITIE, BIEL/ZRSSIZFIALT, ZORSSIDK/NERZRLYESRICH L TR % ¥E
75T ET, ESEOBRREFT .. LAL, RSSIAHEETIC, RSSIOANEFKE YIESE
I L TSR R A MR AT T & T, LYUBBIC, MIEBEGTTTD CENTES. BRI, RSSI
DREBE I TESEICH L TEBEBROUEET> TRRETD T EABEIND.

AR, R [A1] TRELALEDEEEDLEDTH .
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VUTIIVER Yy TEREORERFE 2: BETHR
ERIRTE & U HIEI O = FEH

i
N
I

BAETIE, RSSIZH EICLABERRHIEZRAVWCRRFEE LT, MENRGFRES YHIE
PO EEH LABEBRRHEFEICOVWTHENS., RETZ2ITNEThOHEBR TR ZFALT
SR I L -V 3V TEMEL, TOMREBRNS.

4.1 FANE

HE, FBHRBEFRY NT—VR@RSZEDTERVWHRRAI V7T EA>TWS. LHL, KERIC
IEBPRIGERIE, 77 ERERFICLY, BHRBERY N7 —J OREREBEIEE & 2 KREHFE
ELTW3S. ZOLIBRRRTORBREEFERELT, 7REY IRy M7=V DREDFERHIEE
Ihd [a].

TPREy IRy N7 —) OREREFOREEREZVELETICERKRALTTEENICRY b
D— ) ABRTELIRMTHS [[B]. TOTREY IRy M-V DBEEEFALERBEDL SDHK
BMEBNEAOLONS. LHL, MERFBRITRT 256, MEBIIHE#E 02, TOBMELMBRAKEL
T, BIRIERICGPS 2&®I 2 &N EIFON B, LHL, ERIGERD GPS X%f#, GPS{ES
BDELNBRVWEI AT T (FlE LT, KEPERLRYE), #NEICE 2 GPS E5DZEHE (6],
BRETGPSHMMEATIERVWI EAH D, BMICERHAKRDOMEBEREICEAL TGPS IR 2REFE
PRBEEZD.

4.1.1 FEEMRE

GPS #BWARWBEDABEHE 7L T X AlE, range-based & range-free D 2 DTSN 3.
range-based fIE#E (L, AoA (Angle of Arrival), ToA (Time of Arrival), TDoA (Time
Difference of Arrival), RSSI (Received Signal Strength Indicator)[a2]—-[a4] 72 & ZFIFA T
2FETHD. MIEHEZ LEWIRRIZ, MIENBALHRIHRDL S DERES (Beacon BIR) =M
WT, =FAIE, =0AEY, S 0HE%FAEYT 5. range-free LBHEIL, Ky TEREDR Y
h7—2DMROY—1E5HREZFIBY 2F% @3], 42 TH 5.

AoA, ToA, TDoA OHBHEIZBMDN—RIz7HRETH>/Y, SBT DiHEAALTHEF
ZIREALTWB I EN’RETH 7Y TS, —7, RSSIIF—MHRERIHER TCLEIGTEBEET
HY, LIELITBEEREEICHMAINTE L.

¥/, INFTIC Beacon BRZFA L ARBELBBERROTIVT) LA SRFINTE L.
Zhix, BEOmR (B, £V —mK) 2BRT 2010, BERT IHAROIRRRBERET
PREETETH 2. BREFEICKEK, HONMLCHRDOOLNIRB 2B T 5HNRBETE EHBE LAY

33



SREEARE T 3 BIRIREE L 5 3 [43], [4a)].

FRUIRERETEIIX SCAN[45], HILBERT[45], CIRCLES[46], S-CURVES[46] BRI N T
BY, MMEBEHEEICRSSIAFAINTVWS. LML, #HWREREEIIESRENFABRENICHFEET S
JEZERRELTWS O, ZTORHRNELRDI5E, BURRFGE CTRESROMERENTAEL
ZEICD.

ENROAEERETE T X RSSI %= ALV - Adaptive Path Planning (APP)[a7], DeteRministic dy-
namic bEAcon Mobility Scheduling (DREAMS)[48] *> Arrival and Departure Over-
lap (ADO)[@9] #*% 3. APP I3tV / —R%E5 V5T LAICRE L LI5EOBERERER & BEEN S
® Beacon EBRDA v E—YEEERE L-REFEZIRELTWS. BEmKIE, RMOE Y/ —
FOLRELEERA Yy V20 LA SROEBNMZRET 5. Y/ —FESLIUEVYT
J— R EBERRE DRI, RSSINLHEEL TWS. DREAMS I, Ea—YXXFT1v ¥y (R
B) ICRADImAKRZ5HE L, TDIANOHMT i ReEHL TERORKREI TOBERKZ TS
7 EFDRFRFETH % Depth-First Traversal (DFT) ZFWTRET 5. RKHMDmAR%ZEHET 2
eDIC, BEHAMRTED RSSI & WBEERHEZEHL, BLAN L1 —) R T4y IV RRBE %
¥%. ADO I, BRI E D RSSIDELZFIAT2HETHS. JDFA, BRERERXE-ER
E%%EL, BEDHRRD 5D Beacon BR%E —ERRIEICRETZIET, RSSINHZREARELS
RETIBERNS, ETAAICHT 2EROEKRDOUEZEEZTTD.

IN5RSSIZFALTWS 3 DDIRET, RSSIFBRIRICE > TEROBRMFED KIS EHT
% [36) ZEDNEBRINTLARL,

4.1.2 RERPROBER & 5FRE

RSSI BBRIBICL > TERDBRIFEDAREKEEFT D70, EOLIRKRATHLERT 52— KM
72 RSSI-BIEHBEET IV AERT 2 IGFEREICRETH Y, HET ZBEEHICITRESAREN
B2FEN3. 20D, BREZZRBLETTIVORIEY, FHEERRETEDORFEZHLNMITIHNE
BH3. RSSIMNBEEBMICISLCTELTZ2IEAFALT, FESRICEEILTVWSIEEHET S
DI, REBEICLE>TRSSINZEE T 27ODRHUELTCLESIRENHS. F/o, —MHHULRERIFERT
FEERAMET VT FERVWTWS LD, MBEHERENEC [b0], BREBIRRICHEBRNES K OREZE
T2, EWHFEENDHB.

4.1.3 MROBEHN

— MR EIRIE AR CHES TEX 2 RSSI # AW T, |IBEAM T ¥ 7+ OERIHARD RSSI DRFH
AHETH D T & &FIIRIC, RSSIHN'EET 2IRIET, ERRMEZWERLCIRRT DI & 52RETT 5.
FREBEARET S0, EERICHLTEEILTVWSZE, HLIEIN>TVE I EDHE
DEFEEEZBLEIEZ2FEAMEITS. BEFMICIE, TEEE 802.11 OEBRIHRDIFRENMESRL
Y EHAMICIEE I NS Beacon EXD RSSI #FHI 222 8BEL, A—ERLEZ—EBERIE
ISR E LA At SEHEI L 7= RSSI V& L TIEMDBAIFESRICERL TWa & (LUg, BE) HE
5. £, EELTHLOBARESENISEIN>TVBE (U, BR)HEL, BET
ROBBAAZFEL T, AKOFERERYIRY. DFVY, a2 HiTOREREEE X, FHER
BRETEDRFMEEZBALMNMITEI AL, EHT S RSSINSEES L UBRHIELZITV, BEIAEA
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FEEITOCET, ThThOBEBEEZRRT 2FEOMIAEME LTWS. L%, BESLUBR
DHEEBEHMRHIEEFRI & ET .

ABETIE, BE}ARFEOLDIC, —EO RSSIEHATIEMR L, Ei L 7285 d RSSI 518 %= 7
ALT, HEICHBNETE5A2ARERTT 5. TOHEDLHIC RSSI EHAEE % ¥ EiFmE
BEMRZEETD. ZOHEMFORIIEAMRHUEDOEREEOR LERHEOHEROED I &
ICE UMM RIRRICEMT 2EEZ 5.

HIEMF OB DREHE, UTD2:@Y THRETT 5.

(1) 1BECACICEME L IEED D 0.5 DR E LT, RSSI DEALH EHE Tt < HEERA S ¥
EHFOBMDKRETT 5.

(2) TTCEEIT-G707T D7 L —LRAPIZITNRBEFEITG-707 H SHEHFOEBMDEERETT 5.
Ihik, XEOTL—LREBPESHOD, BA—BLLETRONZEIT Z-0, ERT S
BIL—LIChl>TNRNY ==L EEEOTABIEIThEA R TR THS.

TabhE, RSSIN—BEMZHF > TEMRLTECLILEEIC, BHOROHEEZTY. TOHEET
E# %% AT OFIEREAVWTEHERS I 2L —> 3 v THHET 2.

o RHIER: HIHH L IIBERDHIENRHE LEAZRTIHIET, BOBEROYIE = HIEIH
FEBDETF T2 EDOEREZE 2R UTORBEMEOERE (I ED Fig. L3) ICH7c5.

— R R BRABORME (FBWER)

o FOEK: HEMFEHEZ KX K ThIFRHERII LK RZD, BREOKREERH IR 45, &
REMEFTRICHENICERT I TV IN 25T 21EE. UTOREEOEE (I =D Fig. 3) I
H1=%.

— ERBROFANEERERITOMEREOHRFEDORIME (FEWRRER)

STEHY I 2L —Y 3 v T, RSSIKEEFAE5X%2ET, BEBROYE % YIEHF LIS
FIB5IEDOERYEERERENMESRICHENLRRRENTETWEINZRIET 5. I LI, A—HR
THEREOY Y TY v TETW, Eb% 1T o7 RSSI %AW TEITEER O¥IE % ¥ ER T O 855
FLARWVEREDUEE AT 2L T, REFEROAMEDORIEIT.

ARTIRIDEL DI BB DIFHEE LT, REFEOAMMEEZRENMIRIET 27280, LBENESA
REAEETS. I4bb, (1) 2RTOFET, (2) EEMICE > TRELSFIHINAW, (3) &
—DIHAB CEZBENTRERBEERYIRSI L ET 5.

4.2 REFZE

4.2.1 BHE
RSSIAZHT ZIRIET, BEHEHHEEETHY, SHAMRICL > TRSSIAEARZ ZEILEBL,

EERUBZVERICRRTHILEZRFAT S, TOERRDAEHIC, BIRICH L THEHEHRHIED
EHEZALIE2FEERITS.
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WEIEFERITS 1, FHUSNA RSSI A SESABR 2 BEICEHEL S, BEOBE LS
LCEHAAMERYEL, RSSIA—BLTELT 52 L aRA L TREBRUET 52 & £357.
Thbs, EESLCBROBUEEME L, 25 LWBBHALHET MEDT ETHE. BR
ZHESEN > Beacon B D RSSI % Bt C—EmE T & ICEH L, RSSI QM EHDDE
GEMEFRT B0 NEDOY £y NEHEER [51], [52] 2BV 3. ZTOHKENY £y hIhk
RIEH S N B (LU, COEBDT & EHEHTFEBME T 2) CEELAIBAICIE, BEs L < 2
REMEL, BEAAHEEZT. DY, BELUESNABAEBEFAEEELAVY, BR
SHESNEIBAEBE SR (BHEY /REHEY OWThh—SICBEEET2) 4 EET 5. TF
FAE—HFIKBEET ST, ESBEANREER LS ARIFICAS. BREEOERIEBEOBFRIC
BB IHEANBRICAZRETHY, BELPTVERTELTEZ VWS BEAD, BREWE
SNIIBEOBBHANEERE /2 £ T 5 [25)].

FHRE LT, BRELESEL, 7RAy I3y NO—OBEICHEL, EEAKOTYTF 4
BHLTVNBIEET S, BRENR,

e RSSIDEHAINTE S
o BB L/ ERBEDFHAINTES
o BEAEDFHIEHMNTES
JEELT, BRTVT7Z 2 RUERERRTRAZTIIEETS.

4.2.2 HEBERYIEDEIEFIR

AEITIE, RSSI ZAWEEBERFIEDEES %= Fig. 1 AW TR S, AMICEWT, B
HZEEETIV (B3] 2 RET D&, EERERNSODERMNIAICABIFE RSSIIFNICAY, FER
BEIIAZEL. JOIZEZHMHRIC, UTICEFERZ®R~RS.

Z T, Signal Source I$E5RTHY, Searcher NMRRETH 5. FEREEH R a MO d D
FENBERLEBET 5. BEFIBROMSA o TO RSSI Z#HEEFEE T 5. Lk, BEEED RSSI %
LB EEME (Ref o) EMART EET S, ZLT, —EfR(RT Y 7R, sw) T &I RSSI % &+
LAt SBE L, 0 RSSI(R) & Refyes & DANEEE BT 2. R 15 Refyos & HATHEM
DFF, Yty MBI OEHE (CT)) 2# 1 D2BMIES. 2L T, CT; AHIEBFEE (V) EICH:
ROTERELULE, BOEHIET D, Refrssi ZaDRIXME [ab] TEHRAIL 72&/ND RSSIICE#HL, CT;
0ty NT3. R D Refrssi ELLRTBADDBZE, CTp 2 1 D2EMIE 3. CTp A N I
MR c TEELLGS, BREHET D, Refros Z5HRIKME [be] TEFHRIL Z2&/ND RSSIICEHTL,
CTp%Z0Il)ty h9%. ELT, BEBABGIEHE (m_angle) ETBBARZERT 2. ZDIHFE,
BEAREIE dDD e ICEEIND. RIS, CT; AN BICEIET BA0IC, CTp & 1 DEMICR > 735
B, CT1Z0Il)Ey hEHE3. LT, BRENMESRED SFMEDBIEEERE (r_src) URICEIEL

58, BRERTET S, i, SIBMYIaL—Y 3 VIIBEREABRFIRICLAWD 1 51T
TRTYTTEBRARTY TEH (s-maz) 2% ET 2. Table AN ILFEAT 2:ES%25RT. UT
IZ, ABICBVWTRETZ2FEIIRDRATY THB15.

Step 1 BRERIESEOEHAMA i TRSSI(R) % 1 EEHIT 3.
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Fig. 4.1: An example of approach/departure judgment.

Step 2 %Eﬂﬁﬁyﬁﬁ#o) RZ‘ %ttﬁg;—%{lﬁ (Refrssi) tj_%)
Step 3 HIEHBFLE (N) 2% ET 2.
Step 4 REREMNMEBEND r_sre LRICME LZHE, BHREKTET 3.

Step 5 R; % Refr LB %ET 5.

CTp =0
Ri > Refrssi (ﬁgbn) - o
CTr++
. CTp + +
Ri < Refyssi (B — P
CTy =0
‘ CTp =0
Ri = Re fros; (BIIHABS) — P
CT; =0

Step 6 CTp, CTr & N %LtbLET 5.
NICERELLBEERELTRWEETRGZDT 5.
if
CTp = N — m_angle = g
or

CTr =N — m_angle =0

then
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Table 4.1: List of parameters using the search algorithm.

Parameters Description
Position i Position index (1 =1,2,3,...)
Step width sw Distance of one step
Maximum number of steps s_mazx Maximum number of steps

in one search movement
RSSI R; RSSI at position &
Reference value Ref.ssi | Reference RSSI to evaluate R;
Contorl amount of moving direction m_angle | Amount of change

in the moving direction
Distance to terminate the search r_STe Distance from signal source
Decrement counter CTp Increment when R; is decremented

compared to Ref,ss;
Increment counter CTy Increment when R; is Incremented

compared to Ref,ss;
Moratorium steps N Numeric value to respite

the judgment of approach/departure
Step 7 ~NED.
else if

CTp <N
or — m_angle =0
CTr <N

then

Step 8 ~NEL.
Step 7 CTp & CTy ZOoIICYtEv bL, Refrssi “HEHFTB.
Step 8 sw ETRENT 5. BEFBEFIES VY LAMAIC sw 7ZIT5EIT 2. Step 1ICR 3.

4.2.3 HIEHFEDOKET 1
AEITIE, BOBERYEDOEENBERDBEETILERIESR T & D RSSI A5 DEFEREE AL
T MR T ER N DREt [54] ZHET .
4.2.3.1 HIEBEFOH N DORE
HIEEFOIE N O&Et%=5RAT 5.
(1) BRBERHIEE, BENERO2EBY THY, TOREIZ0. 5THS. TLT, HEHFEH
N FTOMW®EIE, 0.5V THD. ZIT, MEFNLRBHREEZFALT, 20 (0.5 49
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NNIWMEa AT ERY, RUENRETIEWVWDIRGEZRINTEIEE2EZS. TADBL,
0.5V <a (4.1)

ERED. ZLT, NICEHTIREDPUTORICKE 2.

logyp(@)
].Oglo(oo 5)

ZIT, a%z0. 05&9%. TLT, NiX5&ER3S.

(4.2)

(2) AEMSR T EDRSSI & Y ZDRERE (SD;) 25185 T 5. TDEEICIE, FERE (MD;=+/7/2-SD;) &£
Y [65] GBI 2 & ET . BARMICIE, AIEMSR TO R EFEE LA RSSI(SR;) &Y,
MD;[dB] = |R;[dBm]— SR;[dBm]| (4.3)
SD; [dB] = 10-logy, (0.8 x M D; [mW]) (4.4)

ZLT, SPIZRDLIICTS.

i

SR; [mW] = % > Ri[mW] (4.5)
t=i—n+1
SR;[dBm] = 10-log;y (SR; [mW]) (4.6)

ZZT, nidry Ty THY, i>n—1 EFHTIEETB. iNn—1LYMhIW
i’%éti, SRlletj_%) Zkﬁﬁ—cti, n"a':3t3'%>

(3) Lk, ThoLYHEMFEHRN ZRDEDICT 2.
N < mazx {SD;, 5} (4.7)

ZhiE, SD, A5 LYKRZIWEEIFSD, DEZN &L, TREYNIWEEIINEZ5ELT
W3,
4.2.4 FIEHBFLBDKET 2
7L —LRBERMORBIEThREORRARERL, HEMFOH N OFETEHET 5.
4.2.4.1 fEEAHRX
TL—LBEFET D) £y MEHBESEEZAVRERAR 61, [62] 2R7. NEBOY Y MNEHEES
DOFHENY £y NINRELNSHDH T N ICEET 2 F TOWERRERE Qv(Z) £T5. Qn(2)
ITRRTEALND I ENASNICINTLS.

(1 —pz)-pN-2Z¥

(4.8)

L, ZREBEARBEOEBELRTERR, p REHRED 1 BSET BHE, p (=1 - p) FEHEE
MYy NINZHEEXRTHS.

MBS N ICEIET B E TOTIIRMIE Qn(2) TOMAMRE Q) (1) TEABNB.
N

Qu(1)= P

(1—p)-p" (+9)
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4.2.4.2 HIEBEFOH N D&
HEBFES N OREEHAT 5. (I0) RUE N OWBETEHBOT, NICHET BHE T 1
J/J\—cht')‘u_f&%)

_(1=p)-p"
T (4.10)

;;@,ﬁﬁm@ﬁ@$a§mwn(mm)ﬁ@7ﬁ+ﬁm*mﬁauTth,%%Eﬁ%i?
BEVOIREBMERENTHIEEERD. DaztRICNI<TEIEICELY, RUEEZMHEITE
5. TRbE, 1<aDFRELY, NICEATEIRENUTORICKE 2.

o 1
o | 4.11
> 0g10<1 —p+ a) logio(p) | |

UELY, (zam) Rz RNOBREN ZHEHFOHRE T 2. EEHAMS i TO p ZBRE¥
EEEp, &T 5.
4.2.4.3 BREVIEEE p, DFKE
RD2DOOF TO—F THREHIEEEKp, DREE2T 5.
(1) pi=p &L, ELYEE LTHKD. 2FY, BMERIPD I VI LICEHE0S TRETSZEL
T, 0.5 DEEEET 2. INHhSROSLN N HZEEOHEMFOEKE T 5.

(2) BEHAIMR i TDp, ZEHLT, N ZEMICTS. IndbLHROLNE N Z2EHLHEIET
[EIf Qe B

RIZ, BIRYRFIEI T OO EFRBREREFHCDOWTHRARS.
B LA —EBBTEICEHILAE R B>, 20 RSSI OFEm; & (ET2) R&EYRET
3. 2L T, EERESD; E3EHUATE IS m EAVWT @D XL YRETZIEET S,

dBm

—B-Ri+(1—p) -miz (4.12)
SDf£m$i,§: o —m;)? (4.13)

ZIZT, B(0< B) IXEBEHTHY, 3%0.125, niE3&$3. TLT, my, SD; hERA%E
AWTREt 2K .

Ri — my
SD;

RSSI OEXRBRERBNERDHICHKD SRELT, ERBHICOVTE DS o ETOHEES %

o 1/°°ex <$2> i
pZ - /727_‘_ : p \/i

- ()
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« ===« 0=0.01 — ~ . @=0.05 a=0.1
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Fig. 4.2: A relationship between p; and V.

Table 4.2: Starting positions of searcher

Test 1 Test 2 Test3 Test4 Testd Test6 Test7 Test&8 Test9

x [m] | 100 90 80 70 60 50 40 30 20
y [m] | 100 90 80 70 60 50 40 30 20

(@ID) XH S (EI5) XEAWCT N 2BHTBE, t< 0T, p>05Eh2%kD, NEp =05
DERLYBKREQEICARSD. F, t > 0T, p <05 &ER27%EHD, NEp =05 DFFLY £/
IMEICARD. £2T, NRPWICEZAONHEBFOHRE LS. Fig. 21 o (=0.01, 0.05,
0.1) TEDp; & N DRAKETRY.

4.3 B\FRVIalL—vav

4.3.1 MREIERHE
4.3.1.1 BRI )7

BRIVT7E, ATy TBsw 28T 2 2 RTBFROERERRTH S oy FEET S, &
REIGRSSI #ZEHBFRETEHAIL, L TFTEAD4AFAIK—EERETHRET 3. FRITU7ICE, #
NEREEHEAT, BEEHITIEEMEIAVEDET 2.
4.3.1.2 FRFABALE
EESERBEIFERT) 7O oy FET, TIMKOBEEBRRNSYIaL—> 3 Vv EFR
L, EBBRAKBRMR T & (Table D Test 1~Test9) IC100EDY IalL—> 3V EHTT 5.
ESIRIE (z, y) = (0,0) EEETEIELTWS.
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Table 4.3: Parameters in (B18) and (B=17)

Parameters Values Unit
reference distance do 1| [m]
RSSI at reference distance Py -30.05 | [dBm]
path loss exponent y 2 |-
measurement variation of RSSI X2 | 32 62 92 12% | [dB]

4.3.1.3 HEREHRET IV
A TIIEERS I 2L —2 a3V TAHVWIEBRGHRETNICOWTHEAS. RSSI % P[dBm)] &
LT, EREMETIVICIE RSSI ANBERSMHICH D —BMRETILZH WS [36].

P[dBm] ~ N(P[dBm], X2) (4.16)

P[dBm] = PO[dBm]—m-y-loglO(;i) (4.17)

ZZTC, P[dBm] @7 NILKREDFHI RSSI, X2[dB] dEHAMEOZE BN AR T 28BUE (LT, X2) T
HY, N(P[dBm],0?) i& P, X2 DIERAFICHED 2 & 2EBKT 5. Py[dBm)] [FERERERE do[m] IC
x93 RSSITHY, FFmTIE dy =1[m][36] £ LTEXZI&ET 2. BAOEBREMETILCT
HBHEHEBMET IV B3] 5 P 1&-30.05 [dBm] (AKRE: 2.4 [GHz], ZEEHN: 10 [mW][56], X
RETVTFTANEG: 1) THS. d[m] ZBIEERHE, + IERBERERERT. LEL, 3EH#I I
L—>3arTiR, v &dBIPESRIZEREICT L TRMOME LTHRD. Table &3 (T (EI6) =X,
@T7) RCTAVBRTA—9 EEHEHY I L—Ya Vv TRETDEETY. X2 FBEICKEL,
EN-BATIZ~122[dB] EHREINTWS 67 2 &S, FATRTEZOHEATRETT 20N ESE
L. yIREEEET 3.

4.3.2 FHmISIE
23R, 2 i TN HEIE F O OFTE 2 RDOEFEZAWNTITD.
o FRYIESR

RS LSRR EHELALBBDS S, RUELACOBOESZRHUEXRET . RHUE
RANZRDALYRET 5.

v E [ 4

A=2 0~ 1] (4.18)

o F[Ox

REFOREFABMAEESIRE DERERICN T 2RRENBE LEREDL n 2 ROX £
YRET B.

7” =
PRERIZEE L - R B > 1]
BEIF AN & E SIS COEMRIERE

(4.19)
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BYIEE () &, HEBEEZTMT 2OICAVS. MiE, 0~1 DHEETERIN, 0IHEWFEY
ERENAEVWIERT. £LT, TEX(n) &, BROEBEESVWEZTETSHICAWVS. nid, 1
LEDETERINS. nd'1 DIFEIE, BEHRBMIHNSESRETERTEALI LIRS,

BE, NEnDBERKIIRDOLIREDLHZ. D) INHDBLTNE, BT S, 2) AN IWE
THRESWHEESFMINTE, nDEERSFELHD. hid, EEROBALZEALBT5HTH5.

4.4 EEHEIIaL—Y3VER

BHEMY IaL—2avhs, RAUERNCFRKR)IOVWTHENS. FEHIIaL—2 a3 VEE
5% Table B4 (7R

Table 4.4: Simulation parameters.

Parameters Values | Unit
sw 0.5 | [m]
s-max 5000 | [times]
0 | [rad]
m_angle
w/2 | [rad]
r_src 5| [m]

4.4.1 BEREOBEFENIHEDH

BEHBUE (CTy, CTp) DB E, BREFOBEIMIO—HFIE LT, N=4& LEEEDHEHBTF
O % B\ /54 % Fig. IC, BIMAHIERFEIHAAVWEIEE % Fig. @3 IR L. ARTIE,
BEfmths (i=1) 25 2 B B OBE A AGEIE (1=30) FT& L, &= TRSSI #5109 5.
f, A, B, C, D&, 88t L IEBREHE LALFHIRBEAERLTWS.

Fig. A3 T, i=b DR TCI B N ICEE L7, BHEEHIE L. Ref . 1dXB A N TR
INDRSSI THho7ci=1 TORSSIICEHF LK. ZTLT, i=15 DHATOT; B N ICBELLL
O, EREHEL, REBRHRTR/NDRSSI TH o7 i=7 TD RSSIIC Refyse ZBFH L. RIS,
i=19 DR T CTp BN ICEIELD, BEREHELBEARZEEARICEER L. Refrss l&
XE CHTHRNDRSSI TH 7% i=16 TORSSIICEH L. ZL T, i=30 Dt TCITp BN
WCEIEL2D, BREHELBEAAEZEEAMICEE L. Refssi ldXE D ATHR/IND RSSI
THo7i=27 TO RSSIICEH L /-.

Fig. 24 £ L DFIERR, i=5 DR TCT; AN ICEET 26 THD. TDEA, =5 DHART
DN IYKRERBEICARSY LTWE, SHBUEICEIET 2 ETHREET DI EICEDY IEARW,
ZDEHIDMEE, OBIEKTHY, FHEEN N ICELET ZR1IC, TOMEATON LYKELA
528 HB. NIBWICELLZL, —EZOE BIZAE, N=13)IlAh>&ELTH, FHEUENZ
DIEICRDETHENTINANE EWVWD Z &AWL, EATHNICEL LA N EEHEEN—H
LEBEBICHEETIT.

BENARAGIETIE, RRELVPA—ERLEBET 20 LTESRICREEE L R, B
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Fig. 4.3: An example of trajectory in static moratorium steps (N = 4).

4.4.2 FRYIEZE N
4.4.2.1 HIEHFOHDOFHE

AZI M TRNHEEFEB AN Ialb—

Eq. (&I8) ® \ % Fig. &5 IIRY.
TEICEREVNTWS.

Fig. B &Y, ME X2 IRELTWB I &b ok, X2ZHAKRELCARBZICONT, NEELRT
2. TLTC, UEMFREHOREMEEZS & LTVWEED, NEBEHLZ0.05ICR8>TWS. ZhiF,
Eq. (@ID) D a%Z 0.05ICLTWVWS7HTH .
4.4.2.2 HIEHFOHDOHKRE 2

AZAFH CRRZHEBFEHZA Ny IalL—

(ZIR) XD \ % Fig. LH~AR [T/RT. vaviE, (zZx) XD o (=0.01, 0.05,
0.1) % Table 3 D X2 T&ICEMB L 7. HOEEIBBFKBBREESROER [m) THY, &
RERIR A C & ICIRREZ 100 OET LT A 2RO, N Fa2zaa i~k (1) OEEDHE

SavERICOWTERRS,

v Xal—Y3vid, Table B3 Tx L7z Eq. (EI8) @ X2

TavERICOWTHRARS,

XIal—
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CTyp is equal to or greater than N,
‘;’/ it is a wrong departure judgment.

CTp isequal to N.
|
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\

Ve CT;isequal toN. —— . the search.
i 19 18 17 6 15/ 1 13 12 11 10 9 \@ 7 6 5 4 3 2
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BMFEEE, (2) DBMRAEBFOHZIALTNIIOVNVTYIaL—ra vy LTW5. 148, B
BN S B DHIE F TIE Refrsi DNBEIRIAMATO RSSI TH B0, TOXBEBRWNT A EKD
TW3.

Fig. ZE~AR &Y, a Z/NILK TR LEES L UBNGHEBFEED A NMNI A5, IhiF,
aZmNILLTHIETHERFAEBNAREIKR>TWVWSEED, BREUEIDFINTWEEZHTHS.
ZLT, BMAHERFOHRTO N EEEDHEMFEHTDONICKLT, (o, X2)=(0.01, 32) D
EEXTHELT 445 B, (o X2)=(0.1, 122) DEEXTH LT 091 FEENILLRO>TVWBR T E
Bbhhof. DFVY, BMAHEBFIEHIE X2 HA/NIWEE, RUEA/THIIh TRV E &R
LTW3. ERMAHEBFEEHG X2 NN IVREBEEFEHEBFORNNIKAZEVWIFENH S
72, BEDHEBFEHL Y NIWNMENSEZONTWRLDTHS.
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Fig. 4.6: The misjudgment rate in a=0.01 in Moratorium steps 2.
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Fig. 4.8: The misjudgment rate in a=0.1 in Moratorium steps 2.

4.4.3 3FEMOEq

4.4.3.1 FIEHEFOBDHKET 1
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Eq. (E19) ® n % Fig. BAICRY. ¥ Ial—> 3 v|d, Table B3 TRl 7 Eq. (EI8) ® X2
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Fig. 4.9: The detour ratio in Moratorium steps 1.
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4.4.3.2 HIEBEFOHDRKRET 2

AZA B CRARICHEBFRHEANAZY I 2L —ravBRICOWVWTIRR S,

Eq. (&19) ® n % Fig. EI0~ET2ICR"Y. X2l —3VI(F, Table @3 TR L7 Eq. (EI8)
D X2 TEICRBEVWTWS. 2L, BRD s.mar LATRT LAN > BRIV TH 3.

Fig. ZT0~ET2 D (a, X2)=(0.05, 3%), (o, X2)=(0.1, 3%) DFETIL, BMREIEHTF DI
O IEEEDHEBFEBICH LT, BLF2ETHo%. (o, X2)=(0.05, 122), (o, X2)=(0.1,
122) T, BELT0.99EUTTHY NI A>TWBZENbA >/, Fig. EI0 D i%, BEIF
BRI RAESRENSEWEE n IFRKELR>TWS. ZhiE, a=0.01 DIFE, N BRI WNMEICRS
TLEILICED. NHPKRELKRBZIETHENMRVWRBEBFINSGZ LT, EFRALZEZRERL
TLE->TWS. ZDE®H, nBRELLA>TWVWS.

ZLT, X2HKRELAZIIONT, BMRHTEBFOHTO £ ZEEOHEMFEHICHTL T,
(o, X2)=(0.05, 9%?) TH&LZ 1.06 1%, (o, X2)=(0.05, 12?) THLZ 0.99 & =MD > L.
—A, X2HPMIWBETIE, (oo X2)=(0.05, 3%) THLZ2.291%, (o, X2)=(0.05, 6%) TH
£F1.38fF&o .
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Fig. 4.10: The detour ratio in a=0.01 in Moratorium steps 2.
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HB—DDHEFEHDN & p; ZEAEHMITOBEERIEIRLTWS. £, Fig. &I3~EIH
ICEBEM S TOBEERICHLT, TOHMERTD N % a=0.01, 0.05, 0.1 DHFETETNTIR
LTWa. 2L T, ZTDEEDp; - LD, Fig. AI6~EIR TH5. HOBEHIIESELNSD
WISEERE [m]) TH .

Fig. E13~4158 & Fig. AI6~EIR H 5, RSSIFHAMSR T ED N 8LV p; Z—REABRICE
# L 7=H®», Fig. @19 & Fig. TH5. BOBEMITESEDSDBIEEH [m] TH 3.

Fig. AT9 LY, o TEIC—RAGEIEZEEL TWVWB I ENL, NiFall&kFELTWBR I ED DD
%. LT, Fig. &Y, X2ZEIX—REABRIBELTVWEIEND, p lE X2 ITIKELT
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Fig. 4.11: The detour ratio in a=0.05 in Moratorium steps 2.
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Fig. 4.12: The detour ratio in a=0.1 in Moratorium steps 2.

49



I I W W W W W B B B B B0
L NN N WL EW WS s s

R - xmxxx“ . X XX g
x XK XXX w 0% x %o x
% X X " w S o
e L }1@?9;* il R AR Sl %
% K o xiggg ES S i s o
, 3 b
4

10 20 30 40 50 60 110 120 130 140 150
Distance [m ]

(b) X2=62

N W W W W B BB B B0
LN N WL EE W s

e wmgz &‘%m%% %,f% é@w@%

CEX g
5 A X 3
&

Distance [m]

(d) X2=122

Fig. 4.13: The relationship of the communication distance - N in a = 0.01.

I M W W W B BB B B
N T T

P
;&%(xxx’j;)&x

*
S,

10 20 30 40 50 60 70 80
Distance [m]

(b) X7=6

L I M W W W W B B B B B0
L NN N WL EW WS s s

Distance [m]

(d) X2=122

Fig. 4.14: The relationship of the communication distance - N in a = 0.05.



I I W W W W W B B B B B0

538

N W W W W B BB B B0

5
i
:
3
3
3
3
3
3
= 2
2.
2
:
1
:
:
[ o

Distance [m] Distance [m]
2_ 92 (b) X2=62
(a) X2=3 b) X2=6
5
M
:
3¢
3
3¢
3
3
%
= 2
2.
2
:
;
:
1
b ey

130 140 150

o 1
Distance [m] Distance [m]
(c) X2=9? (d) X2=122
o o
1 1
D ety | N g T Lt B st g et
" + e i R . £
e Fs R T SRR A Lt el TR s e Ll £
s It H+ * Gt Y £ N id
08 i By 4 08 v .
=+ $++ + ++
.
o .
. F?*+ g 5, .
06 el #T, 06 + -
M SR T Lt
v N
04 SRV PR ¥ 04
R S A
i . wﬁif* s N
+
0.2 + g + 0.2 +eo
et o o ‘ -
e 5 .
0 0
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
Distance [m] Distance [m]
(a) X2=3 (b) X2=6
(e (e}
1 1
NS - + o 47 T
+ st g % + 5
v e R bt A At bkl stk tte S e 7
08 08 ot +’**ﬁ*g+¢ e AL R B b R T et
. A A e e LR AT
g R TR L e Ty < BT M
+ i & b WA+ PR +
- o AN AR AL . .
o o e 2y AN
06 06 S + AN Tt ey Rl e
. . . LR o S T FO s sl
s PR AR S R B L BESE
LY + o+ v + L +H !
, 4 i
pe
04 oap o . o
N + ooty
+ + + +
02 02 t by i
y oo N .
+1 *
0 [
0 0 20 30 4 S0 6 70 8 9% 100 110 120 130 140 150

Distance [m]

(c) X5=9°

Distance [m]

(d) X2=122

Fig. 4.16: The relationship of the communication distance - p; in o = 0.01.

o1



pi

1
0.8
0.6
0.4
0.2
0
o
Distance [m] Distance [m]
(a) X5=3 (b)
1 1
TR N T TR A A S g N -
£ " it * 4 " 4
e i T ST L o S ORGL L D
08 4, Hrew ***+}1¢*j%¢ RGeS R “ﬁ* 5 - o + L S &
A HoaE T i ¥ 1*&%‘“*‘&’ ‘ﬁ*isftg*** e Lt 2 i b
U TR Faug Fu *‘i*f‘*ﬁ‘ e wm% i, i L .
E e T FhLrT e e »f e Ty, + £+ ! N
06 i *r+<§$3# »3*}*&{‘++§++* 06 ' ek et
’ i +*‘1++¢*r7v*“‘ff++ﬁﬁ‘+ M : - L3 I
SRR e T ML g [ ' !
F R oL g N
TR R (TE I A AR st +
04 A ff»ﬁ ‘Ml‘ S wn + 0.4 + ++* e i
et T T gy et L Wty - .
AT o L ST
" Faoow s HH L g SR s
02 o P + e b +<++<* ot 0.2 N
.
i + - T eoow T AP +
.
0 0
o 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 o 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
Distance [m] Distance [m]
( ) 0_9 ( ) o
Fig. 4.17: The relationship of the communication distance - p; in o = 0.05
1
0.8 0.8
0.6 0.6
B
04 0.4 Wg - 2
R St o, e T t*«uf N T +F <?+
L TR ety AT AR 4
s LY . Lt + roE Ry +
0.2 02 dooeFe ey e T Bt £
R s e R e Ay s F 4 +
LTI e T L
AR N R e A T
o o
0 0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
Distance [m] Distance [m]
(a) X5=3
1 1
g
P
+ +, gt 4
+f il e et gy
08 og " i : For bt .
o .k
]
+ gt oa o h
0.6 0.6 - P +
- + 3
& 5 e
o
04 0.4 * oy +
ik
H
.
0.2 0.2 +
0 [
o [ 10 20 30 40 50 60 70 80 20 100 110 120 130 140 150

Distance [m] Distance [m]

(c) X2=92 (d) X2=122

Fig. 4.18: The relationship of the communication distance - p; in o = 0.1

52



WBZEADbAS. DFY, (BID) ROEBMAHEMFERIE X2 AAIWNEEHEIBTFEE L
H5LIICLTVWS®), RSSIOEHIIGUT N HAELTZ I EOWBITEL. b, —RE
BIENFIE—ETHDDIE, AR THWAEERGHRET IV (B3T3 M) IKBVWT X2A—ETHD T
EILLDDTHS.

.- X2,=32, 0=0.01 X25=32, 0=0.05 —d— X%;=32, 0=0.1
— = - X2,=62, 0=0.01 X2,=62, 0=0.05 —p— X2;=62, 0=0.1
X2,=92, 0=0.01 X2,=92, 0=0.05 X2,=92, a=0.1
X2,=122, 0=0.01 X2,=122, 0=0.05 X2,=122, a=0.1
20 T T T T T T T T T T T 1
15 | —
= 10 |- _
5
0 L

0 10 20 30 40 50 60 70 80 90100110120130140150

Distance [m]

Fig. 4.19: The relationship of the communication distance- N.

e e X2,=32,0=0.01 X25=32, 0=0.05 ——a— X2,=32, 0=0.1

— = - X2,=62, =0.01 X25=62, 0=0.05 —w— X2,=62, 0=0.1
X2,=92, 0=0.01 X2,=92, 0=0.05 X2,=92, a=0.1
X2,=122, 0=0.01 X2,=122, 0=0.05 X2,=122, a=0.1

1 ! ! I I I ! ! I I ! ! ! I T

0.9 |- —
0.8 - -
0.7
0.6
< 05 -

0
0
0
0

4

3

2 : i
1 . : :

0 | | | | | | | | | | | | | |

0 10 20 30 40 50 60 70 80 90 100110120130140150

Distance [m]

Fig. 4.20: The relationship of the communication distance- p;.

4.4.4 LB

IREFE% DREAMS[4R] &FEEK ) THEEITD. &YV JILky THEKT, B30 8T
BIFZGETOBDETS. 272 L, DREAMS OFERIY 7IE2RTD oy F@THY, 2RT
BFROBFRLEEBRET I2REFEEEAS. DREAMS DY IalL—>3a VYT, 100KK%E
EhEERE%Z 100 [m] & L7, Zhid, RSSINLELNEHNFIREENTH S I &% <RDICT
TW53,
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4.4.4.1 HIEBFOHOFKET 1

HEBFEBDEET 1 & DREAMS (85 %3E0O%E n OLLEER % Table B8 $ & ' EH IR
3. Table BB ICHEWT, DREAMS IE& RSSI DIEMSET 10 BDY Y 7)) v J&FTVWEHL
L7 RSSI #AWVLTW3.

A6 OERTHERT 5 &, HEMFEBMDKE 11d DREAMS &HART, 8LF 1/26~5/8 DFE
HERECESRICIERTITCWVWS., D2 &, RSSIZH EICLEHMNR-/LEHEZLZ2EDT
HDHIEPRATES. TLT, LK RSSI THLHEMFOHDEE 1 DAL EVBENEER
TESRICRRTITVWS I bN . 2L, X2=3%[dB] CHERMERD {20, 20} D& X
I, DREAMS 2 ¥IEMFEIZ DR 1 L WVEVWBEEHICA>KL. ZOFERS, DREAMS A
HEBFOMORET 1 &Y LEO>TWH—DFERTHS.

Table 4.5: i of Moratorium steps 1 and DREAMS.

Distance between the Moratorium steps 1 DREAMS

starting point and TN X2[dB] X2[dB]

Coordinate | Distance [m] 32 62 92 122 32 62 92 122
{20, 20} 28.28 | 14.34 | 20.89 | 34.36 | 35.31 | 18.06 | 55.39 | 167.76 | 355.53
{30, 30} 42.43 | 9.33 | 16.75 | 25.93 | 26.53 | 20.75 | 85.87 | 201.37 | 404.43
{40, 40} 56.57 | 9.56 | 14.72 | 19.48 | 19.22 | 21.70 | 80.27 | 217.14 | 432.37
{50, 50} 70.71 7.38 | 12.28 | 15.80 | 16.74 | 23.41 85.76 | 245.26 | 423.52
{60, 60} 84.85 | 7.26 | 10.89 | 13.47 | 15.55 | 29.14 | 80.54 | 246.29 | 542.80
{70, 70} 98.99 | 7.15 | 11.60 | 10.09 | 13.30 | 30.78 | 76.14 | 188.20 | 356.28
{80, 80} 113.14 | 6.71 | 10.13 | 11.17 | 10.41 | 25.51 92.58 | 227.06 | 515.65
{90, 90} 12728 | 5.93 | 9.06 | 9.27 | 10.68 | 26.17 | 107.55 | 252.48 | 474.56

{100, 100} 14142 | 592 | 875 | 810 | 9.20 | 25.95 | 117.69 | 351.60 | 565.13

4.4.4.2 FIEHTFOHDOFKRE 2

HIEBFOMDERET 2 & DREAMS IC8F 5305 ) DLEESER % Table 0~AT2 (C7RY. Ta-
ble E7~A9 |, EEDHEMFOKEDLETHY, o1d0.01, 0.05, 0.1 TH 3. Table AITO~E T2
&, BHARHEMFEHREOLETHY, ok 0.01, 0.05, 0.1 TH2. 44T FHOFERLY,
DREAMS (3% RSSI DIE# SR T 10 @MDY > 7)) v 7 &ETVWEHL L7 RSSI #HWER
DHEBREITIZEE L.

INLOBRNMS B EERRK, HEBFOHDEE 2 " DREAMS OffR& Y EO>TW3S. —
8, X2=32[dB] CTO#ERHI» DREAMS QAN LE>TWBHENRH DD, X2=6°[dB] LALTIE,
LTORERTHEMFOEDEE 2DIFINBLZ 1/10 OBRBEH TESRICIERNTETTLS.
ZhlE, RSSIDEEHNAETWRIETIE, RSSIA#H &ICLAEMAENRAEHMABIHLTWS
7=OTH 3.
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Table 4.6: n of Moratorium steps 1 and DREAMS with averaged RSSI.

Distance between the

Moratorium steps 1

DREAMS (with averaged RSSI)

starting point and TN X2[dB] X2[dB]

Coordinate | Distance [m] 32 62 92 122 32 62 92 122
{20, 20} 28.28 | 14.34 | 20.89 | 34.36 | 35.31 9.69 | 17.45 57.79 124.31
{30, 30} 42.43 | 9.33 | 16.75 | 25.93 | 26.53 | 9.53 | 21.50 | 85.80 230.16
{40, 40} 56.57 | 9.56 | 14.72 | 19.48 | 19.22 | 10.48 | 22.75 | 129.75 315.37
{50, 50} 70.71 7.38 | 12.28 | 15.80 | 16.74 | 11.05 | 37.92 | 165.50 373.57
{60, 60} 84.85 | 7.26 | 10.89 | 13.47 | 15.55 | 13.00 | 36.69 | 173.19 | 392.41
{70, 70} 98.99 | 7.15 | 11.60 | 10.09 | 13.30 | 11.56 | 40.29 | 223.18 | 431.49
{80, 80} 113.14 | 6.71 | 10.13 | 11.17 | 10.41 | 13.70 | 46.36 | 257.60 426.58
{90, 90} 127.28 | 593 | 9.06 | 9.27 | 10.68 | 13.62 | 44.10 | 248.04 419.13

{100, 100} 141.42 5.92 8.75 8.10 9.20 | 13.15 | 60.22 | 323.46 406.71

Table 4.7: n of Moratorium steps 2 (Static, =0.01) and DREAMS with averaged RSSI.

Distance between the

Moratorium steps 2

DREAMS (with averaged RSSI)

starting point and TN X2[dB] X2[dB]

Coordinate | Distance [m] 32 62 92 122 32 62 92 122
{20, 20} 28.28 | 7.14 | 9.62 | 9.30 | 10.71 9.69 | 1745 | 57.79 124.31
{30, 30} 42.43 | 9.31 948 | 997 | 9.18 | 9.53 | 21.50 | 85.80 230.16
{40, 40} 56.57 | 9.99 | 12.10 | 10.31 | 10.22 | 10.48 | 22.75 | 129.75 315.37
{50, 50} 70.71 | 10.77 | 11.08 | 10.71 | 13.50 | 11.05 | 37.92 | 165.50 373.57
{60, 60} 84.85 | 10.71 | 14.06 | 13.71 | 12.42 | 13.00 | 36.69 | 173.19 392.41
{70, 70} 98.99 | 14.15 | 15.96 | 14.82 | 12.57 | 11.56 | 40.29 | 223.18 431.49
{80, 80} 113.14 | 16.29 | 15.46 | 17.32 | 18.31 | 13.70 | 46.36 | 257.60 426.58
{90, 90} 127.28 | 28.36 | 22.48 | 25.36 | 22.99 | 13.62 | 44.10 | 248.04 | 419.13

{100, 100} 141.42 | 36.97 | 31.70 | 38.31 | 37.33 | 13.15 | 60.22 | 323.46 406.71
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Table 4.8: n of Moratorium steps 2 (Static, «=0.05) and DREAMS with averaged RSSI.

Distance between the

Moratorium steps 2

DREAMS (with averaged RSSI)

starting point and TN X2[dB] X2[dB]

Coordinate | Distance [m] 32 62 92 122 32 62 92 122
{20, 20} 28.28 | 7.70 9.59 | 11.20 | 12.47 | 9.69 | 17.45 57.79 124.31
{30, 30} 42.43 | 7.12 | 10.54 | 11.40 | 11.07 | 9.53 | 21.50 85.80 230.16
{40, 40} 56.57 | 6.70 | 10.85 | 11.97 | 12.83 | 10.48 | 22.75 | 129.75 315.37
{50, 50} 70.71 | 6.17 | 10.78 | 11.16 | 14.00 | 11.05 | 37.92 | 165.50 373.57
{60, 60} 84.85 | 5.90 | 897 | 12.76 | 13.10 | 13.00 | 36.69 | 173.19 | 392.41
{70, 70} 98.99 | 549 | 9.12 | 12.60 | 12.57 | 11.56 | 40.29 | 223.18 431.49
{80, 80} 113.14 | 4.84 | 9.69 | 11.43 | 14.90 | 13.70 | 46.36 | 257.60 426.58
{90, 90} 127.28 | 5.16 7.32 | 12.79 | 12.10 | 13.62 | 44.10 | 248.04 419.13

{100, 100} 141.42 | 5.35 8.96 | 12.13 | 17.24 | 13.15 | 60.22 | 323.46 406.71

Table 4.9: n of Moratorium steps 2 (Static, =0.1) and DREAMS with averaged RSSI.

Distance between the

Moratorium steps 2

DREAMS (with averaged RSSI)

starting point and TN X2[dB] X2[dB]

Coordinate | Distance [m] 32 62 92 122 32 62 92 122
{20, 20} 28.28 | 12.10 | 14.29 | 13.59 | 15.63 | 9.69 | 17.45 | 57.79 124.31
{30, 30} 42.43 | 12.03 | 16.04 | 15.43 | 13.92 | 9.53 | 21.50 | 85.80 230.16
{40, 40} 56.57 | 11.47 | 13.88 | 16.20 | 15.15 | 10.48 | 22.75 | 129.75 315.37
{50, 50} 70.71 | 11.69 | 15.23 | 14.84 | 15.23 | 11.05 | 37.92 | 165.50 373.57
{60, 60} 84.85 | 11.17 | 15.57 | 17.85 | 19.13 | 13.00 | 36.69 | 173.19 392.41
{70, 70} 98.99 | 10.66 | 16.86 | 18.69 | 19.45 | 11.56 | 40.29 | 223.18 431.49
{80, 80} 113.14 | 7.79 | 16.06 | 18.80 | 19.94 | 13.70 | 46.36 | 257.60 | 426.58
{90, 90} 127.28 | 5.76 | 13.07 | 17.11 | 20.46 | 13.62 | 44.10 | 248.04 | 419.13

{100, 100} 141.42 | 5.78 | 11.65 | 15.93 | 19.39 | 13.15 | 60.22 | 323.46 406.71

56




Table 4.10: n of Moratorium steps 2 (Dynamic, a=0.01) and DREAMS with averaged RSSI.

Distance between the

Moratorium steps 2

DREAMS (with averaged RSSI)

starting point and TN X2[dB] X2[dB]

Coordinate | Distance [m] 32 62 92 122 32 62 92 122
{20, 20} 2828 | 7.67 | 9.19 | 959 | 9.07 | 9.69 | 17.45 | 57.79 124.31
{30, 30} 42,43 | 8.64 | 10.73 | 9.39 | 9.95| 9.53 | 21.50 | 85.80 230.16
{40, 40} 56.57 7.94 | 1046 | 12.14 | 11.12 | 10.48 | 22.75 | 129.75 315.37
{50, 50} 70.71 | 8.90 | 10.16 | 11.29 | 13.73 | 11.05 | 37.92 | 165.50 373.57
{60, 60} 84.85 | 6.96 | 10.81 | 13.72 | 13.62 | 13.00 | 36.69 | 173.19 | 392.41
{70, 70} 98.99 | 8.06 | 14.11 | 13.29 | 15.35 | 11.56 | 40.29 | 223.18 431.49
{80, 80} 113.14 | 7.81 | 16.56 | 18.28 | 18.69 | 13.70 | 46.36 | 257.60 426.58
{90, 90} 127.28 | 10.16 | 15.61 | 19.43 | 25.29 | 13.62 | 44.10 | 248.04 419.13

{100, 100} 141.42 | 11.21 | 21.75 | 29.54 | 38.68 | 13.15 | 60.22 | 323.46 406.71

Table 4.11: 7 of Moratorium steps 2 (Dynamic, a=0.05) and DREAMS with averaged RSSI.

Distance between the

Moratorium steps 2

DREAMS (with averaged RSSI)

starting point and TN X2[dB] X2[dB]

Coordinate | Distance [m] 32 62 92 122 32 62 92 122
{20, 20} 28.28 | 12.52 | 11.03 | 10.50 | 9.50 | 9.69 | 17.45 | 57.79 124.31
{30, 30} 42.43 | 12.33 | 11.22 | 9.13 | 10.37 | 9.53 | 21.50 | 85.80 230.16
{40, 40} 56.57 | 13.61 | 11.90 | 12.28 | 11.56 | 10.48 | 22.75 | 129.75 315.37
{50, 50} 70.71 | 14.81 | 11.88 | 11.88 | 12.92 | 11.05 | 37.92 | 165.50 373.57
{60, 60} 84.85 | 14.46 | 14.41 | 11.42 | 10.65 | 13.00 | 36.69 | 173.19 392.41
{70, 70} 98.99 | 14.22 | 13.61 | 12.78 | 14.35 | 11.56 | 40.29 | 223.18 431.49
{80, 80} 113.14 | 14.99 | 14.19 | 13.62 | 14.46 | 13.70 | 46.36 | 257.60 426.58
{90, 90} 127.28 | 14.11 | 13.85 | 16.59 | 16.44 | 13.62 | 44.10 | 248.04 | 419.13

{100, 100} 141.42 | 13.51 | 16.93 | 16.47 | 19.46 | 13.15 | 60.22 | 323.46 406.71

o7




Table 4.12: n of Moratorium steps 2 (Dynamic, =0.1) and DREAMS with averaged RSSI.

Distance between the Moratorium steps 2 DREAMS (with averaged RSSI)

starting point and TN X2[dB] X2[dB]

Coordinate | Distance [m] 32 6 9% | 122 3? 6 9? 122
{20, 20} 28.28 | 13.40 | 13.04 | 11.72 | 11.99 | 9.69 | 17.45 | 57.79 124.31
{30, 30} 42.43 | 16.18 | 14.40 | 11.28 | 10.72 | 9.53 | 21.50 | 85.80 230.16
{40, 40} 56.57 | 20.16 | 15.25 | 13.60 | 12.69 | 10.48 | 22.75 | 129.75 | 315.37
{50, 50} 70.71 | 23.19 | 14.61 | 14.28 | 10.99 | 11.05 | 37.92 | 165.50 | 373.57
{60, 60} 84.85 | 20.56 | 16.18 | 14.17 | 13.25 | 13.00 | 36.69 | 173.19 | 392.41
{70, 70} 98.99 | 19.51 | 17.38 | 14.18 | 15.52 | 11.56 | 40.29 | 223.18 | 431.49
{80, 80} 113.14 | 23.04 | 18.27 | 18.06 | 15.30 | 13.70 | 46.36 | 257.60 | 426.58
{90, 90} 127.28 | 27.66 | 17.52 | 16.70 | 17.05 | 13.62 | 44.10 | 248.04 | 419.13

{100, 100} 141.42 | 19.07 | 21.99 | 18.54 | 18.49 | 13.15 | 60.22 | 323.46 | 406.71
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9. O, E—HRICTEHRE RSSIOY Y 7)) > 7 (100 @) 21T\, FH{E%E1T>7 RSSI %
AW, Fig. @mZm A5, X2=32TlE, \F0.37~0.48 THo7. TL T, X2=62~122 T, M
BLZ05THo. ZDIEDDH, BERROHEZNTT 5 & TRAUENMIFIIhTVWE Z &
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Fig. 4.21: The misjudgment rate in N = 1.
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D 0ICR2BEEEH . DFY, BEBMROHELIEF T2 LT, REUESIMH I THE
HICERTETWB I &b 5.

ZDZedY, X2HHIBRIETTRSSI Z M LE2IToCEEED H D8, —EHNAFHIET
FEOABR DHEICIERTDTHY, BEHMROHUELBFIZIEIEAEMTHDIEWVWR D, i,
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Fig. 4.22: The detour ratio in N = 1.
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Fig. EH~AR $ & U Fig. EI0~ET2 DFERDND, aZ/NILKTBE NDIPREILL QB EHNIFL
7230, HEFPRWRBEIFINZLOHZSHELTLED. HlAIE, Fig. &1 TR b ZBET
H, TCICEBRHENTONT, #Hmcd LLEThULDMMEATRRHENSINT, BEEHLS
KRYnaBLTHIEICRS. I, Fig. 10 TlE, ESRIE< THKB LAZER TR ERDER
TESEZEABRLTLEIETyEZEC L TWS. Fig. E11 & Fig. EI2 DFERHMN S, ER9AH
EMFEBNRRRAMBICKEETIC ) ZE—EICRDEZODROICRZ EEZLONS.
aNNILARBIFE, NIFAELA>TWS, 20K, HEEA BT IIRBEERARBIET, A
IE&E <%, LHL, BAERMEIDZD, a ZRBERIPILLAWVIEI BIERD L WIRRAT
X2%. 2FY, REFABMBICKEE TICnZ—EILRS, B2, N &2LTHLDICE, ald0.05
HELCIE0ADPEZ LW ENINSDERNS WA S, ZIh b, Fig. &7, Fig. @8, Fig. A1,
Fig. T2 D X2=9?2 % 122 D& D & X2 BRI RRIBEDHE, BNRHEBFEHTO ) & nidE
EDHEBFEEIT L THLZ0.96 5 THo7/c. TORRIE, BMNAHEMFOHIL X2 HAE
REBETENTHEIEATEBLTWS. AETRESRERLEIE TR A1Toh, BEOERE
TIRESEI/FLELTVWR EIERLARV. FERIBEITSZIET, FERENF LN S RSSIDEH)
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AARTIERSSIZFIAETZI&T, A—ERLE—ERRI &ICHE LA SEHAIL = RSSI A
BINE L < IERDDEAES L CEHEUE (CTp 5 LI OT)) D HIEBFEE (V) ICEET R &
TZDHEZTV, BEAEEEEZIT ODHEBFOHEZIRELZ. TLT, RSSIOZEEHT S
RIETId RSST [FEHRAIM R TOBEEREICIS U CRBAMER S50V, BHRBRDOHIE % HIEH
FOBDHF T2 E T, BAHRHEDRHUENIFITE, BRNVKMICITASD I EAETEHY
Tal—Yavitd YRR LEL. AREFEIF, BRBERICAFTE 2 RSSI M SEEBKYIED
ARECTH D720, BIEWERARNTEERATETH 5.

SEHIIESRLRRELARICBEL TV IHBETORIIATIFETHD. ZLT, AETIEE
—DEHB TR AT oD, BEOHEAIES L GRIET 2158 T, BROHERIHAL TEREIT
D T EERETT B.

AR, Sk [53][68] TRELALEDELLDLEDTHS.
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BHE VILFRY TEEOREFE

BEET, PREYIXy NT—VDRIEZBEL TEHROHERN AL TESRERERT 2
MBS 2 1R T 5. RSSI Z AW/CEOABERHEDFIEICIE, BAETHRANLEEDHEIE T O
ZFIALT, BtE#Y IaL—>a v THMML, TOMRERNS.

51 FANE

FBAETIE, 1N 1ORRETH>. BEHEICRAENH D70, LFORBIEEATRET 2*MiE L
TRLULF Ry TRBENENTHS. ABETEIILFRY TEEENRE LT, BHOEmRI AL T
ESREFRRT D2FEORFTE1TD.

5.1.1 PBEERR

TPRERY XY NT—VDBETIImAEOEMIBENTLE D CBENTARSS. TOLY,
BHOBEREN L CRIETZIILF Ry TBEI, LETEHERENTEZ. ZTOTILFRY TEE%.
AWM MENES [59] NMRERINTWS. JILFHRy TEBEOHRKREMBFEH T -V~
ELT, BAAEBATRE LAY SHBNEDERDY I 2L —r 3 VETWIHEAT>TWS. K
RiE, FEEERE, BREBOBRL S, BRAEB EEERED M — N4 TITRHLT 5 7 DFRRBE
BRDIREZIT>T W3S,

RSSI & AEE Y HRAWEFEEIET7ILIT) XLAIHRE 0] ShTWE. BHOEN/ILAOKRY b
DAy axry hI—0 LT, REZNIT)ILEZFALTEBTHEICEINTS. LT, H8O
ENAI)ARY NOBEEBEDRERDID, ENXMI)AKRY NALTHIHALTRSSIZE EICLT
FEI N2 FE b1 AREINTWVWS. Ihbid, BROENMLORY NOBKEHET 270
ICRSSIAFAINTWS.

e, BROmARZERA L TRBZRAET 2FEMERINTWS. V5 7#E%EM L7 BRF (Breadth-
First)[62] > BTG (Backtracking greedy)[62] ' %. Thbid, R 2mADREE T 7
BEZBL TRELTWS. MBL (ndc)[63] I&, RELTWSIRKREVZRY Y VT LRLBED
BWRAERIRT 22 & TREAREL TWS. MALS[64] I&, RELTWRIHKRERBWMED £
ICLTREBERELTWS.

INoid, RILFRY TEEEZNRE LT, BHOmKRERBAT 2FETH 2D, BREBERE
FTHDICRSSIIFAVLATWRWL, TOZELY, FABTOFEEVILF Ry TEBEICERL
T, EEROBRFEERFT . RIS, BRFEE LT, BROBKRIHAT 2B ERETT .
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5.2 BEOIRRN R L RREES

BHOmAI R L TERT HHIBICOVWTERR S, hffkmERICIE, ESEL)SIFERHEARDIEICE
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Fig. 5.1: The random search strategy.
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Fig. 5.2: The strategy of following the nearest node.
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Table 5.1: Parameters in (1) and (522).

Parameters Values Unit
reference distance dy 1| [m]
RSSI at reference distance Py -30.05 | [dBm]
path loss exponent ¥ 2 |-
measurement variation of RSSI X2 | 32 62 92 122 | [dB]

A TIIEEM S I 2L —2 a3V THWSIERGERETVICDOWTHAS. RSSI% PldBm] &L
T, EFEHETIVICIE RSSIAREERDAHICHE D — MR ETILEAL S [36].

PldBm] ~ N(P[dBm],X2) (5.1)
me::mwmqowmdi) (5.2)

Z I T, PldBm]IET I NIVREBOIHRSSI, X2[dB] IEHEBDIESDEAKRITETHY, N (P[dBm],

X P, X2DIERBFWICHD ZE5BKT B, Po[dBm] (FEHEEEE do[m] IS T2 RSSITHY, &
METIE dy = 1m]B6] ELTEABZ &L, BNOEBREMRET I CHZ2EAZBETIL [63] H
5 Py 1¥-30.05 [dBm] (BK#:2.4 [GHz], *=EHA:10 mW]|[66], ERET7 V7T HF:1) TH 3.
d[m] |2 BEHERE, + IEHREEHAERT. L, SAEMIIaL—2a VT, & dIdRRE
BLOESHEIIKRNEE LTHEKD. Table 5IIC Eq. (51), Eq. (2) THW3/85X—4 &5tE
W IalL—Ya v THRETIEETT.

BB T R

BRRIHRIMESRD SFTEDBMERERE (r_src0) LMRIGELIBE, FRREKRTET D, £, 3%
IR A kIR R DN S DFTE D BIEEERE (r_srcl) LLIRIE L7258, ZTOFHBERANDRRERT L,
RDIHRDIRBEAZITT 5.

532 YIal—YavoRE

vIal—vavER

YXal—YavERERB2ILTRYT. BRIGEREGSROBEERHICHIROLWVEETY I
L—2av%1T). A7y TRROE (somaz) BIRIIRRR T REISH I ad o 356, BERIZEK
BLicET 3. BRERIE 2y FEOD (2,y) = (200,200) DEEN SIFREFEIBRTZIEETS. 5
SiRIE (2,y) = (0,0) DEEICHIE L TWEIEET 5.

FIEIE T O 2

HEBFOHRE, FAETHRNCEES LCBNLHEEFERZHEAEDELEDERWVS. ¥
"bH5, Eq. (1) T, p; 0.5 DZAWHERFOHE Eq. (B18) 2 AW /HERFEETK
TWMEEE N T 5. 4B, ald0.05 &Lk

BRICBMT 2imK

B%RE - BENEMOHRL P L TCEEETD, YIFRy TEEEPRT 2HERE%E 0~14 5
FTEAT, B I 2L -3V %1T). B2AHTRARLEBOHmERISHAE L TRRT 28I,
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Table 5.2: Specification of simulation.

Parameters Values | Unit
sw 0.5 | [m]
s-max 5000 | [times]
0 | [rad]

m_angle

w/2 | [rad]
r_src0 10 | [m]
r_srcl 3| [m]

5, BRIMELLRTS. 5tEH IaL—> 3 VT, «(0.01,0.05,0,1) && X2 Z&DHEH
AHET, TRTNI100ED I 2L —2 3V %1TH. RREAEEL 100 OOHATHTKREL O
BT 5.
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Fig. 5.3: The result of random search strategy, X2=02
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TE 5.
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Fig. 5.10: The result of following the nearest node strategy, X2=62
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Fig. 5.12: The result of following the nearest node strategy, X2=122
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5.3.4 &R
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o BIEHEHN/EWRRD RSSI 2% & ICHRRLIEF D A BHEHENL RBF1ICHEETE SR8
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SIRD SRS EVNMIE CRERIRT 2IARNMETRNRRT 2700, BHEOPHITER, S —
HOmARZFILEIE, TORKREZRRLTHLESRERRT 2L D ICHHAL TRERY 2HBORE
PBEERDEERD.

5.4 TV LRRYM EBERREMRREBOFEZHAEOEIRE

I TREDZ VY LIRFREE & BMERRERIFREBOHER S I 2L —Y a3 VERDLELN
FEARICART 2 P REEIRRBEOHER Y I 2L —2a v ETH. ZOEKBRIIESROER
EITOIRKREMBLET DIRKICD T D, FIET 2EHKRIFEERDH 2 hfkiERL 5 —PAEFELEIE, 0=
LT 2EREBEPBIFRE LR & ET 5.

BRI BRI, E5RLY BBIHERDO RSSI AR I WGEIE, £7, E1IELTWSHRkEERD
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Fig. 5.13: The strategy of following the fixed relay nodes, Case 1.

(=)

®.

Fig. 5.14: The strategy of following the fixed relay nodes, Case 2.
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Fig. 5.15: The strategy of following the fixed relay nodes, Case 3.
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Fig. 5.16: The strategy of following the fixed relay nodes, Case 4.
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Fig. 5.17: The result of following the fixed relay nodes, Case 1, X2=02.
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Fig. 5.18: The result of following the fixed relay nodes, Case 1, X2=32.

72



100 T T T T T

Unsuccess rate [%]

01 2 3 45 6 7 8 9 1011 12 13 14 15

Terminal number

Fig. 5.19: The result of following the fixed relay nodes, Case 1, X2=62.
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Fig. 5.20: The result of following the fixed relay nodes, Case 1, X2=92.
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Fig. 5.21: The result of following the fixed relay nodes, Case 1, X2=122.
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Fig. 5.22: The result of following the fixed relay nodes, Case 2, X2=0?2
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Fig. 5.23: The result of following the fixed relay nodes, Case 2, X2=32
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Fig. 5.24: The result of following the fixed relay nodes, Case 2, X2=62
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Fig. 5.25: The result of following the fixed relay nodes, Case 2, X2=92
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Fig. 5.26: The result of following the fixed relay nodes, Case 2, X2=122
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Fig. 5.27: The result of following the fixed relay nodes, Case 3, X2=0?2
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Fig. 5.28: The result of following the fixed relay nodes, Case 3, X2=32
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Fig. 5.29: The result of following the fixed relay nodes, Case 3, X2=62
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Fig. 5.30: The result of following the fixed relay nodes, Case 3, X2=92
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Fig. 5.31: The result of following the fixed relay nodes, Case 3, X2=122
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Fig. 5.32: The result of following the fixed relay nodes, Case 4, X2=0?
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Fig. 5.33: The result of following the fixed relay nodes, Case 4, X2=32
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Fig. 5.34: The result of following the fixed relay nodes, Case 4, X2=62
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Fig. 5.35: The result of following the fixed relay nodes, Case 4, X2=92
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Fig. 5.36: The result of following the fixed relay nodes, Case 4, X2=122
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Fig. 5.37: Representation of a wireless sensor network[65].
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