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AgFE dFstazt stk 59 7|72 RSS(Received Signal
Strength) 7%+ AZS54  7|H3}  PDR(Pedestrian  Dead
Reckoning) 7|9 & Aestdorn, Adzert gle A4 37HA]
A8 A ARAHAP)H FJAAH(CP)Y 3 HERTOEE
Age = Jde et 2upd dd YA (Mobile single anchor)

T 1 L
%9 /1Me AN, EHH 29 AL RSS AW AelSA

7 PDRY AHAS §ste] 53 wofe A9 ol Eutd o=
YEZ AT edA aTHs A%E/MuA/AL NEe 94
shlal I meA ER JSHA olE Fa TANSE o A
9 Z9] oo AT Hgo| s Ao qauh

F89° : Z9%(Localization), RSS(Received Signal Strength),

PDR(Pedestrian Dead Reckoning), MANET (Mobile
Ad-hoc Network), @¥ <4+ 39 (Single Anchor
Localization), &4 A # % (Least Square), T4 3 =4
(Multi—dimensional Scaling, MDS)
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1) RSS 718k A8l FA(RSS based ranging) e 11
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3) thaY A =W (Multi-dimensional Scaling, MDS) -+ 14
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[=2& 2.1] Mobile ad-hoc netwWork(MANET) «weeeeeererereennnes 4
[Z27 22] N = 10891 MANETS] IP(91%), 37H9] CPE A A FHafctol A
QAo 2 o]EdE AA ZH(QLEZ) i 6
[2% 23] MANET®] 1,000%9] o] sAzt &t ==t HoAg (%),
LEZF HAE(QEZE) it 6
(19 24] A= A = DA F48F &8, 4Fs 7oz A=
Z A FPe PDRE| Q] reeereeerereseess ettt 7
[Z2¥] 25] 7}FE=A HiolHE Z-&3F 2B ZFX] o 8
[28] 2.6] A7+ we} =718 PDR A QA weveereeresseniennnnns 10

[29] 2.7] 37}A A 9] 3+7 (Grass, Sparse tree, Dense tree) -+ 12
(29 28] AxAwe 921(2-D &t A 37 57F 39 3$) 13
[29 29] 57k AdAE ARkmE EXE AZE A PE(9D)S 76k
o2 MDSE &3 2D 7ol A4 91x15 vebd e z(otef) - 17
[Z9 210] 123 MDS7F 59 FAE NG ==(HA)E9 FHAA

(& - 47, =5 - =5)"%), S 483 dHHLLES) 18
[2%] 2.11] Translation ME & &3 Translation w#] 244 - 18
[ 3.1] 37FA] A& (Grass, Sparse tree, Dense tree)d | F(n)ol
M2 QX2 QB corrrressssnnrssssessssss s 29
[22) 32] BHFS THe] o7 29| FJHE G s 23

[ 33] Hx AANX} Hx Z(DZ), ~EH(QLEZ) - 24

[28] 34] 37 BRI} 270(AZ), 1N(QEZ)Q =9 E7} w=9] F7}

VA A QOO i 25

[27 41] A7 =91, 47 AR (EEHA om)E 59 48=
= )

Ak A=, 2EA AEskA @2 At A FUES =
MANETS] o] Z A7 A3 F2 29 O3} e, 30
— iV —
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A1 AE

AT EA4e fAAEE vd FES YXA7IRE AB]A(LBS,
Location Based Service)old FQ3lt}. Algxte] A7 A& dFaL
FAs= AZ e A o) A (Self-navigation), H A A o]FHAE= A=
AAFA, EFFL W AFY A & 5 1 cf=gAolAd w3
e Uk AAAFREY AT ARV Q5= Bl tfE

S
T =
3+l =9 (Localization)”} ©] Fo]x]oF 7}=38fth tpokst A =9 7]
o] AHn Aol Zhd, Auet vEA Aol 9 7]
© GPS(Global Positioning System)2} #& YA 54l =LA &3}

Aol Ak 4 F£F oY FHEE WFHE GPSE BE Mg

ME oo M1 24 rlf o rE oo Y o

oA HAA I MH|~E AlFstal o, AAAE YAl A
A= BH T AAdEA AlaFe Hdow Qs 1 gERS
et d4E 7" Adolt. 53 AR Military), R QH(Security)
oM = Al FfdAMe GPS o9&t 53 =t AATMAI s

(Battlefield visualization)7} 411 wAF &Fof, 54 999 Add& gdr
st7] 918k AZ/FA/AA7F Fagh Bl FofoA & QlZ eyt HE3)al
AE o]gs Y& dl7)d ol Ho|x &S FANAY YXAHR
88k A7 giEol 7] wEolt
GPS 719k 5919 B = AMEWE G97bA] S s A
== 5 Folil Utt SAIRE GPSE AHEE
A A oy Al A A9 A Y
|4 & 7 = GPS ko] AREH &= Ag-[l]o]la, F+ A= A
=

GPS 4% < (Shadowing)2] 73 O]‘:} o]z 4 GPSE
[e3]
H

h

}_‘

mlm

GPS 9o F=2H¥ 9XAR 2 (Drone)
I e FF BA(Aerial anchor)E Z&3AU[2], 2F Sol ALzl o] v X



gl AFEA AE B At Z9
ol Alte

1. A/ B¢ Ay 8 @ (Military / security scenario)

Ao A o]FA = A/ AFE Fo A AF(Hol A H S ot
= =g Abgo] 7hsslr] witel AL S), MAA/AEFA T
59 Hob As)

2. 9= &7 ¢l (No infrastructure)

WiFi, Abd AXxg A4 59 IxZeE 483 & gl 374
3. B3z 48 U E Y Z(Network of pedestrians)

TAHEQE Ay oA Zxbo] W= AR & B AE0] =
(Node) ¢t 871 (Anchor) &5 F3st= HEYA
4. @422 A9 37 (Practical outdoor environment)

A& ZHFree space)$t o]l Hup SAJo] ol olA &, vt

Iy

=, FEL 22 AA Fe=o] e B4

ot 22 Hx Ay e 5A gAste] # =wdA dTE 9]
defe] Ao EA4S 9% 37HA 2AES ofdel o] AT =1
58 ZgE dd AR A3 o fAFEE Akl of Za] Aol A
o gk A &s 1HT F UA=E AAFHATG

1. &9 A% (Localization accuracy)
GPS 7|9 S99} 55U 1 ~om 79 59 A4
2. YA AR (Energy consumption)
=9 A71stE 97, A= 7 HelA Y oy A AR FHA 35
3. &9 8714 225 = AlZH(Time spent for localization)
[e3]

AluE] Qo Aol fl=s &3 At S5 Hol= 59 dE

M

GPS Ab&o] AgE non-GPS =91 7IHoz= iAoz T4 AlA
U E ¢ Z(WSN, Wireless Sensor Network) o] AMELS o] &3 &g



=9y "= #3729 (Dead Reckoning)¥ #-2 AA] Win]Alo]l A 7]&S
a3 = vk WSN 9+ o8 A ==& ¢
4 = AYAE T& &8sl A" 7Rk =9(Range based
localization) S E3 Ao Y= =AET &= 9

3

=91 B4 o5 o8 Ael 34
§l. =

2 2 =9 A& Fuksith d= 2t

g8, AFEAR Axg2o] Qe 7uek AR E B3 AlExte] A=
FAsk= &9 7IHeRE oust dxgek o EatA] Feve ol
Atk AR o]Fsh= AZY/ARTE Boldel wE FAEHE 9 &R
7b 57 E 7] wiell, e T U AAA A 4 FU/AFNY ==
HoFael 7HgAl #AEE BAMoFS T ©o] Utk E =i E
A FAS g Ad deolgrt gre, et v, vielso] ¥ H 3
7EA o] AR Aol Ao F S92 7Y, A2l 7I¥ WSN 9]¢}
e dids Alveee] 546 9 Agste] 24xte] Fds FH st

= 59

ool A At 59 dEe vEYAL g i T FHRE
TAET A HA, TR SAGA NN Z AN (=E)S GPS AEE 7]
Hko g2 mlorw]o]gli= A ZA]H(IP, Initial Point)ollA Z=wsle] 2l A4
(CP, Checkpoint, Abdel Az 5 dotsFo] ths ol HEAHO
2 AAY ol S8 8T 7 U)ol EEar|7HA] WSNO ZHA|
olsd SAol 7Iwtaf olsstH HE #HIador FHgit 7 WA
WSN =9 Aol A= WSNo| gelx] o] =gs}

WHEE AN xR Holes e WA= 7 52
(Single anchor localization)& A Alstil, & =9 F97F 45HWH
Uhe FRAA R o] F3ht

Homie AL g&y Zu 2804 wjFolEo g YEQA
9l MANET¥ 1o H&o] 7b5dk = =y, Ag 7|6 =9 W

3 ANttt 3= Al 2T E IR} oyX a8,
S5 e A9 F9 Aol ARbEM, 4GAA AtE =9

=
I
Fo AEUolAS B AFAT 5olN AL BT
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A 1 A System Model

2 =wdA Alzad RdE FAAS JEYA Rde mhld o =5
E YA (MANET, Mobile Ad-hoc Network) =, Q13Zz}o] L5 glo] «F
7120 =5 glo] HWE F(Multi-hop) M2 o8 M= Holy X9
st 2] FAlstH ol FstE UESIAoTE =S HESLA 54
2} MANETS U537 28 EHI EAHS 2=t

1. B4 7t @ 4 ==2v 593 d599], 5 258 Fu
TE e BAl TheSE JhA AL gk
2. 989 gdIA 4 w=E WAXE BYAY 2S5 oy g
$H g8 Fao] Hssih
3. T UMEYA 74 1 74 == AR S4 7FsHS vl A=
w zbzhe] QA MEYAE FAwT
- p— .
’ ~
’ =
; R \\ O : Node
I |___':’\v|- --_-q_’---'.’-"‘ . “I <> L]nk
-V I~ ¢ : Communication range
\ O+ 2 7L
S 7/
- e - ’
1% 2.1 Mobile ad-hoc network(MANET)
Az A 299 = dad E98 96 RE w2k ¥4 E0%
Hl 9o %= A SA A< 1*{4%— 42 (IMU, Inertial Measurement
Unit), 2231 Z2 A4 ZAE AYa dvtar 7HA g

al
ERE 3 TANESE AU Ao wet Al~g 2de] MANET
2 ol e} S o5 (Mobility) 5= 72t}



L =23 27 dFFde] a3 e 8 =27 A= 7}
7hol Zo] U REF ==t dA HaAE #A4

2. 2F olg A WAYF @ A st Wl == FUF 54
T olgrt HH Aok, FASA S B4 FES T8 A
EXN JFSHY U =29 7 Sojus Wy &R o|EdoR
W OFS ogslE vt A EEE fAEE WAUS

3. A3 A (Commander) : A2 MANETS tha CP® o] &3l

oJnE Y

HEY AT} Al ol5g

9 ol "Hoxx] gol WSN Ul = Z2l(Cooperative localization)&
Agst £ gon 3 ¢ Z Uaygar 92 F4T F de A4
TR UEYIo Y, wepa B =EoA HE&d MANETS Alo]= N
= AFAE 2 T N = 10709 =22 Hosin
dzetvt gl 21 SN &8 F Ues HATY 229

A ZAAFAP) FJAAHCP)Y AE= 47 wpAto g #4019 GPS
el Abd ghotd doiiE AAHo, BF 2 %

AT MANETS GPSE Al&3slH o]l&3te=

fu
:3
)
]
ax
o
fu
ik

T oo



500
40
400
T o
o o
sk
s 300
W 7 The commander]| |
gk 1y O The other nodes | | »
E o E 200
> >
10
(o]
201 1 100
" (Initial pomt)
0r (o]
b 5 s < CP
40 0 2 e e S r
s (Checkpaint)
B0 e
| | I ; 400 |
-40 20 0 20 20 0 -100 0 100 200 300 400 500 600
x(m) x(m)

19 22 N = 1091 MANETY IP(91%), 3719 CPE A A Fshetol A

GO o Bt FA oA (LES

e MANETS o] 54& #lar] $la) 5Ud P, CP Aol A
T 7bsHY R = 30m, 129 128 de & AIZF 1,000 A&
& 100000 myo} o AEdeld An 17 239 9% e
= = = g

o

, N2
=
)
g
wn
o
>
ﬂ
P
i
=
=
o
4
¥
)

o

B> o rSL‘ M O]

T otE Al Al IPOHJ\{ =27 A At Flou, NEHow o)E
2-hop A& 2*xR = 60m=

=27 1] WSN S97F 7he s Bolvh 1§ 23
A 7r Ao 2 == HHE(Node degree)o] @WEW =t 3}
7be el R IH w=ro Frh dA ARE $EHE AY 7
Fdasgk 4A < 370(2-D),. 47/H(E-D)Eet B 571 o]do
=, 72t CPollAM el HElF &4, F7F 471 WAl & &3 Ay 7w

7 bsEe wy

B oot g @

—

2r 5.5

I e

oF |\ o

@
&

E B 2 8
Node degree
»
o

The farthest ditance(m)
N

S A e \/

3
o b0 200 300 400 500 600 700 80D B0O0 1000 0 00 200 300 400 500 600 700 8OO 600 1000

Time(sec) Time (sec)

19 23 MANET®] 1,000%9] o]&Agt ¢ ==3F A

wEY HAR(RER)



Al 2 A Pedestrian Dead Reckoning (PDR)

e g3zyd 71He durd oz & A (Accelerometer), AFo] & 2~3

3 (Gyroscope), AH7]1Al(Magnetometer) 2 7] OLﬁ](Barometer) =S ¥x3

S BASALAMMUIZE 9454 BA BA/A el gaEo] B
EH !

[71, [81, [9]

A
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o
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PN
o
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[
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oL
o2t
ftlo
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o
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Ho
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s, 7k, v, ¥ == Yy T o] IMU & fxE5 7Rk
& A7t N*lﬂ?i% ], el A2sts ZvkE Alug st 7H
ArHgon Hit e 1.38%= e
[4]. Er&E IMU”7|%F PDRS 7H&5E &
AR &% JHoE(ZUP) H=e AL
et wepA 2 =Eol A s o] FRd IM

28 Ao ~®l 7kx] ~El Zo] Ao 27FA] GAR o]

Wzl o2 pEA dolE e 3= AE(Peak detection), & 97

9

)
ro,
o
k)
o
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X,
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(Threshold) ¥ 55 Fal 18 249 o] ~¥e F74stal, ZUPY
Weiberg SL ¢ig]F 5& AF&a &5 Hol& FASH5E] 28 ZHol
F49 oFE dtdeor F F A9 05%°A 10%°] o] 2 A1
o] FA= JdH dugEH ALEE 54 B4 AA 9 TSR
=, vlolo]~g AHoste s AA oESTH6] [BlAAE ABE
MEMS AM = AW, S5, ok of~2ZE FF SAoA M= HE
At o] dAstA] ¥ AR £EE olwd A& PDRE 9% 4
o5 A Y= 1%, 29 T A Oﬂfﬂ—E 35% At Tk [7]A =
FA7F IMUE Tl Fzskal 4007 EZ =S o) 164 ="l 4.27
HE o & Hol, 283 4 0.25m Oﬂﬂi% eSS HATh
APy FAHLS Ao|22mx e Fd ~gE=z oy el
W WAYFAA Aol A= Azte] wet Frbeke 33 9132 L/E
k7] wjimel HAAd A AL E AgdsA = =
1478 & 20025 o]sdttal S W 5% A% ol & ME}.

—

R

O

o
~
©
~
=
2
_t

DR rL

Acceleration
Pl B v W Aee v v Il e 2

m/se
H

1.550 9.550 11,550 513 L] 15550
Time

a7 25 7HEA dHlolHEs 289 25 #A

PDR =9 7IHM& d=gtel oEsh#] & 5 Ao Fio o9&
stA] 7] wiiEel wAR/ESE ok FSflolA 53] wjH Aot 4T
A ABE AET F fle AL, 53 2 =folA BxE 3 &qf
T MANETI Zo] =9 "Wxyl e WSN Alua o el=zelzp ¢l
= FAdA S99 B AFH FEoR mHE F drk. WSNezE =




© =7y, dE B0 2SR AE S5 sl ddA 2eA
ojAl B7I%E sttt ehA e W85 ek PDR2 WSNelA 4 g
FAAE G e AAE et 28T ¢ 9l A, 20 TS
of HlwA Fg3 9 % AXFHS AeE F U= VHer 1HE
T Utk 2y Al AT o] FAAE VIEor ANHER, A 4
M 28 ool W e A7E ARl whel FA W A ZRe] whel 59
Q27F F-3hs] S7beE g Ak R AUl 3 Al adlo] 7] ol
Az # w7 S22 #Zxdd 7k ok sk, 74 eaks BAsy] 98
- et FEe] BA 59 HAol eqdTh

PDR ¥4 9x3= 71454 9 AolzA2zmxd yAdE %ol =(Noise)
o} wlolo] ~(Bias)ol & LA B SAHS FToote] AFEAY
A5 F4E W F8 27 7lole ved &2 [10]

- 7FEEA wolz=d o7 2 ¢ o,

A 9 1559 wek RMSE(Root Mean Square Error) #tol <7}
s 59 LRFE TAANAY. AVIA = AED FIFoIH o2
HEEA wolz=o HE WA

o, =%jﬁf'° @.1)
- 7FE=A wloloj el 2%k @A gy,
olF A Al 9 2% wEt FUtske S9 LAE AT o7

A At HEEA Hholoj 2ot

o, =—At’ (2.2)

abias

b | =

- Aol T upoloj o] AT 07 ¢ gy,
(o] 359 me Fhse 94 oAE Ysed, oA/A BE A
oJRi:T AFeln gt MM FFL WAL AEE(AWHOR

F4 gl o% sh&m)oln,

ghias — —abBt : (23)

.-':rxﬂ-! -I'\':::I- ]_-]i .-".l.!_ T'I.I
I . ==



3 229l MANETo| s AlEdgoeldo=
262 29 FEE A& 0.3m), dWH(eF 0.7m). 1L
2| EE HstEE A4A3% MANETSY 1,000 &
2 PDR ©#8]Z2 RMSE(Root mean square
AEF oMol ALEH IMU AHAWA o] =9}
nHpolo] ~ fo]H = X-sensiit(Enschede, The Netherlands)®] MTi A]&
z9] FA7F geldel IMUS HlolHE #8313t

RMSE Walue{m)
ey — (5] (5] w
=2 o = o, [=]
%

(3]
T

e

] 100 200 300 400 500 600 70D BOO 800 1000
Time (sec)

a3 26 Azt wet 718k PDR 74 23

9 Avz BT 5 Qe AL 7k 24T MANETS) of% 54
= 53 (300%)9] Alzto] Au7] Mol == PDR % <

=
%5‘5.—01]*14 Aol 9 AeFlA a3 JLe tar
A e Al Hoj= 5 AdEus W A
Chritt 72 ole] BAgS HAsfoF st7] wel %

b CPE FAskA == X]AXVP dtafor @
471 S @G 479 olF= PDR= 01%
A oo 7pA S o, 7 °§74 #FHixo A= @ Eﬂ«l o] & 1
kol 525 |dol7kd Sm ol eAE 14133}74] Hu2 g2 Az
of 7Hd 479l wAE mhAoF
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Al 3 A RSS-based Localization

RSS(Received signal strength) 7|5t S99+ FAIGo|A FAH A5
o] M71E o]&3) FATH] AZE FHIY AHARI Hu EF=
7F AR g2 A, a2y 7 AEe A7IvES o] &8t7] wEel stES

ole] FHo] 7hslttE AA-o]l 9ol Ag 7]¥HRange-based
2

o _llNl
S
=2
>

7 de] AREE = Aol tH11]. o]¥ AH] & (Low cost) FHLS & =
Fol Bx2 st FA/ESE Fofol A 374l (Scalability)o] L3 &
29 HE 1@ v RSS 7|8 S9E 7IWeE 18E ¢ JA o
& A7k S99 ditoe =z &3] AAEE= Time of Arrival(ToA)
WAL M%7 =gstes dlo dEle AIES ol &8 AgE FASeE W
Aoz U E& AEEE BolX¥t F/FAl FFo AHs At 578
7F 875 B 49 A5 E AYT F v ZEAANE 80

=18
T [e}
Qo A H]g, BgEst doHe

] = =
o ] A= ddo] gt wFo X =
o= Ag 7IHE 9] VW& q

Mo o

1) RSS 7]¥t A8 37A (Distance Estimation)

[o:

RSS 714 291614 7bg & FAl= AelF47 483 RSS S0
491 Jgpolth. RSS 241k 27b4 @729l a9le] s v}
GoAA A7t BAGA Hid, AAE DA A o) Y (Multi-path

fading), ¥+ WA= 4% (Shadowing)o]tH12]. HEl )~ FHold & A&
7F g3 425 B9 oy JEER AT R =Hste] WAEe 3
Ao & Small scale fadingo|etaiie E& &l st A2 o= 7k Al
TES A4 & A7 AdE HA A B3t AR B AR
e doA HEIA FHolgds dot =YL 4% geow
FAEHE 2T &xde] dojus A4S 7 9 7 7HA 29 &
HEsf 2~ Flolgd e oe] d3 &4 g4sk(Mitigation) 7o = FFAAIZ
T e, T4 AgFAAA wg AL JFHS 7T "ol 2 o=
wAAE T4 AgFAodA HE 2 Holde] g g FA|sta
A=de d3grts gt

_11_



Ag FA4S Y3 H2% A5E FAGRA A v ste] Hi
soha gel A k. SA Gy FaAge] Art A AP, A=Y
o WEe EA wlFo] A\ ANz AY|E EAI FEHS A
O HAgs SACR Axde FFAAE 7F$-A¢HGaussian) X
2 w2A "k 7S BdlS AR A9 o HA ==k A =
=2 R FA% 259 A7)E ofgfe} o] A 5 9lrH13]

Py =Py —10ylogio(di;/do) + 5.5 ~ N (0, 0gss) (2.4)

(2.5)
deetr] HaM= Al ety S 7leA

e st ARED A5 42 APL B3
& RSSZ A% ALE T4 A4

ol A= [13]e1A4 9] AdE &3
214 (Grass, Sparse tree, Dense
2 guste] pst B 4@, el

orssSl TS 3E 2-13 o] AT

=

[¢]

Environment

gl

O s [dB]

Grass

2.9

3.84

Sparse tree

3.34

7.3

Dense tree

4.02

(.75

WA shebv g

a9 27 374 A9 %%‘(Grass, Sparse tree, Dense tree)
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2) A A (Least Square, LS)

Al 719k F9e = BHAle] YAE FAS] f8] AE ¢ 3
=2 FAZRE EAZEA 9 RSS 719 AgFA dolE 7t 2l

370(2-D), 47H(3-D)7} B astrt. o] wl AgFg BRI 3740
= @ (Trilateration) =, 470 o]dol¥l HAAwHS Fdqst= Aol
7V gbdsta deE s E s wgolthfl4] ole 7 dAY fIAEFH
BARAS 249 AeE WAgoR = A5 PAAS o] & ©
A X2 =A== WAoot A7 47} 3¢ AL 2-D F7ro A<
HaoAFHE A2 Ayt 19 287 )

m\n r

% 28 HaAwHe 4 @2-D F1tlA BA F7F 39 B9

FaA o g £AE B AWHA ofg s} 2 N Afo] =
HEA A A5 & F gle =5 7H‘l‘7]‘ m/l, A2 F4ol 7he’t
A Wl 1A% WA AFTE Nom Azt & o, 7 odA g mE9
AAE FA) gl jiA BAe] FRAE 4, 5S ol te

]
%o A4 39 A8 BANS Aol T & Atk
(i — %)%+ (¥ — y1)*=d

(xi — %)*+(v; — ¥2)*= di

(xi = Xj)2+(yg —y})2= &l} (26)

(i — xn-m)?+ i — Yn-m)*= din-m
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A AolA A Bl HaARRE A% sl He HEAAE 1
WA A7ekn S, Fold Ao WAAES AU oE B s
W Ax = B o= MY Z¥o] 7hesith. Ask B obdl] A 273 #ol
7 4 Ao
A,i = [xj Xrp Vi — yr;]
(2.7)

§1 = E[aj - a?‘i - x'fgi _y?“zi + sz +y}'2]

ol F B FANA X, = [7,.5]7 U AEwA 5de A 283
o

2 o]
ge oA ggolet wiut.

3) x93 = (Multi-dimensional Scaling, MDS)

At H = (o]t MDS)> thakd Ao #53 v NAISY H
A (Dissimilarity)/-FAH3 (Similarity) S A8 ZAE=Z A}&3to] n- o
A o) JRAE Akl F2E UElE Zlsolt. [15], [16] MDS
o= A7 AHEe EAe| we} Classic MDS, Metric MDS, Non-Metric
MDS & o2 77 Utk d- "l 3 A NS === 4
H? UEArt FAAE w, SndFL w7t FHA 4,9 FEE A
e 7hEA, d,7F EFYE A B Majorizing 84 SE olgf o}

ol HastgomA AA =253 A7 HIEE FAHIH

I’I;l?iln(S(}?f)) = z Wij (alj i)'(‘i;i))Z (2.9)

i<j<N

_14_



A7l 719k E90ed 2189 5 2= tE A A Metric MDSS! Classic
MDS+ Centered squared dissimilarity matrix®] Singular value
decomposition(SVD)ell &3] sty &F4S A-Fstt}. A o] =
7 e Al oA HfAEES 58T AF, BE HFAMEER A
219 Loss functions WHEH o2 HAglsh= A 7[xste & 79
S Abgsfof skt o]H 7] e Alternating nonlinear least squares
(ALSCAL), Majorizing functionsg ©]&3 w|Xd3d Hx2A#FH
(SMACOF), Nonmetric scaling =+ Maximum likelihood formulations
o 72 7134*04 :TL_%GH’% [15], [16]

MDS®] 34 flg]e WSN =99 ojAlg So] 1rehs] Aushd of
gk 2 w_xa dEQZ W N A B w=SBe #AuE
Tp Ty esy O12 Tl AADY ANAR 4= |2z, | 2 o &5H

o]

Z9)7} o994 axse AP DS Ak AdPPe o

7_}
W 00]al - U] S o] Fi AP ofe A3} o] vhehd = gt

0 dip dyz - dyy Ix7 — %7l %7 =%l X —x3l = [Ixg =%l

day 0 dp; . dop Xz — %10l X2 — %2l 1%z — X3l X2 — Xl

b= d_31 djo’Z 0 o o | T X=Xl x5 =%zl X3 —x350l - [IX5 =Xl

dp1 dpz dpz 0 %, — %1l % — X2l 1%, — X3l 1% — Xall
(2.10)

Arts el BAe] FA9A Xo| Axoew A3 P-E B, 1 A
g3 d DO Al ok 2 211, 2129 o] AT F UTh

X1'Xq7 Xq1:Xg v Xq1-°X,

Ty _ oo . o AT = .. =1 _ |X2'X1] X2:Xz " X3-X,

B=X x_[xl'xzr'"!xn] [xlrxzr"'!xn] = 2- 1 2. z 2. n
dfy — Yidf; — X;dh + N Xdf df, - Nidd - Xdh + N XdE o di, - Nidd - Xyd + X8
=,l d%l_zidm E} ;1+ZZ dlzj d%z_):idm Z] 12+22 dlzj d%ﬂ_zid%i_zjd}'zn+zizjdl'zj

2
d1211_ Ei Ej 11+Ei2jd?j dﬁz_zidizu Zj 12+ZE d}j d%‘l‘l_zidrzu E} jn+22 dtzj
(2.11)
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[0 df, di, Ixg —x1lI*  IIxy — X2l
) d3; (2) d3; dm Iz —x1l1* 11Xz — %211
D =1q2 d3 0 d3n = |lIx3 — X1||2 lIxs — Xzl
d2, dZ, dis 1% — X1|| 1% — %21
’X_1"ﬂ+xl ——2x1-X1 X1'X1"+‘X2 —ZX_I.'X_Z"
X2 X +Xq Xy — 2% Xy Xz X +X3- Xz —2%30X;
= K—a'ﬂ+x—1'x—1“2){—3‘x—1 ﬂ'ﬂJrﬁ'x—z_zﬂ'ﬂ
[Xp Xp +X1 X1 — 2% X1 Ry Xp+ XXz — 2%, X3
[by1 + b1y — 2byy byq + byp — 2by3 bi1 + bpy —
baz + b1y —2byy  byp 4 bay — 2by; by + bpn —
= (bsz + b1y —2b3y  bsz + byy — 2b3; bzz + by —
-bnn + bll - anl bnn it bzz - anz bnn * bnn -

o) % 4 2137
2149 Zo] %

2ol

R

lIx1 — x3lI? [Ix7 — X, |I?
%2 — %3112 [IXz — X,lI?
I %l - % — %ll?
(1% — X311 X — Xanll?
Xy Xy +Xp Xy — 2% X,
Xz Xz +Xp X, —2%7 X,
%5 %+ Xn Xn — 253 Xp
X+ Xy By Xy = 2R - Xy
2b1n
2byn
2bay,
2byn (2.12)

Centering matrix C& #A<9lslaL, o]& o] &3] 24

= o] Bol th3l Eigenvalue decompositions A A| s}H

" 1 1
1 1
B = —%CDZC = yavT = XTx (2.14)
3 o] £ 4 drt wEkA MDSE £33 N9 A =59
gojx X= A 2159 o] TRk
—_ 1
X =[X1,X2,X,] = A2VT (2.15)
a9 29 9 #HAES B9 54 e 29 2-D 9AE FEE
A= 24259 AYygdEy 212 E3 MDSE At dojul 2-D
ol AdlA ax WS yEld Holh o] el Azt we g
xRS el gorg =3 AUE AR E JEYE Wow
v 7] Qe = ofdl 7 EAE sfAsfoF stk 3 WA= Rotation
T Aol 7 WA= Translation Aotk o] wAEE slZdst7] 23l
Z22Y AARE I3 JE AA7 aFH
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O|lHE =g Q& o282 @2 JI= Ao O=
OEE| o0 3310 4920 613 9679 6878 6592 10970

=2A | 3310 0 7364 3270 9844 8017 6217 7661
LS 4920 7364 0 4532 5956 2982 4983 13568

Oj&2td| 613 3270 4532 0 9079 6316 5984 10853
2= 9679 9844 5956 8079 0 3045 3627 10144
= 6878 8017 2982 6316 3045 0 2853 11640

HA|OF | 6592 6217 4983 5964 3627 2853 0 8681
o= 10970 7661 13568 10853 10144 11640 8881 0

G000 -
4000 ¢
2000 F = 21 Al OF i

ot

a| !T_
2000
e L fo

4000 DBE
£000 ;

=5000 0 5000 10000

a9 29 =73 AAAY AERkmE BEHE A AY FE(D=

ZIdko 2 MDSE E3] 2D Aol AA xS vebd 1)

Z (k=)

#A Rotation A= Ao MixE dd w1} sdst=s 3d A7|=
waolth £A4 A4S A WA A4 3AED)Y AAZo AR
ol FATAS 7 H, AT 74-%94 Centering 35 o]-&3to] 9459
AR O EAUG. o|F U Row oFd AALY AAYNE
o] &3] Rotation ¥ E< *g*éf?}‘jr Rkep (A B o ojEd 4=
EF AXZE ((wpy) @), (@5y3)], 93 FLO=2 o]53 MDSARE o] 59

dNE HES (o)) (@) 0), (59, 2F 3 Rotation 322
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X3
Ya

X2,

fo = [xl v

X3 C[x
Y1 ], PS_[

xBr:I

y3 y ! y !

! ° (2.14)
Ros = POPST(RSPST)_I

3} o] & 4= it} o] Rotation FES PAE AL thE =52 14
MDS AlxF Ao HgA]7]H 18 2108 7Zo] Rotation A4S &) 2

%tk

25 T T v T — — 25
2 3 2 3
15 - 00 0 1.5 0@
] 74.‘ ¢25 ! i T4 % !
0 g .
05 * 8 0 05 g 2
6 8 , ]
E 0 ool - ] E 0 ?4;- 25 1
0.5 m &8 05 +
' 6
1 3 1 s*
1.5 1.5
2 2
25 25 : X - . d : - . G
25 2 45 4 05 0 05 t 15 2 25 25 2 45 4 4045 © 05 1 15 2 25
m
29 210 12 MDS7F 5% 47 ()9 ==(FAA)Ee] FAHA
_ - o -
(5 - A7, % - =E)9%), 3de 483 AH(QEH)

=] <
A"t} 4 Bge 29 2113 2
25 . . : 25
3 3 2 3
18 . 00 c 15 " e® @
1 _"?-L 25 1 ; ?04. 25
: A :
0.5 . . o 05 &
R . e 8
E 0 4+ 7,5 g ol
74 7 Vi
0.5 é # 0.5
4
- i 4
16 | e Lo 15
2 2t
25 L = i i i . . i i
25 2 45 4 05 0 05 1 15 2 25 '2-325 T T =
" ) o : .
19 211 Translation ®E & &3 Translation =#| 32
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A3 AT A9 =9 A

of oA & oA 2hE AL 54 F9) &g B
TAR A A9 F9 AFe 2hFh Fo ckelrol: Tt Ak

IJ

1. RSS¢ PDRY A%

MANETS®] o] 4Hjo] we} RSS9} PDRE 7] 52 we Al-ga)
RSSOl A& 4, PDR W71zt 2904 & A% 44S Hah
2. RSS A4 A= 34

MEYa 549 EAMRD RSS AFHe] AEHE 37
22 o] &3] RSS A=A HAIES FAA 71T}

3. Zuld BY A =9

shibel muped AAE ol g AFAAS FAE wWAs] AA >

nx R2AE Aas

Aot Ak GPS Algo] wAYE A]H
GPS At @A GAZ o] £ BE =t upx|d 7F8 GPS %
Mo r ER HAFE P AEE HIG F AA dAE A
A=, IP$F CP, CP% CP7J o] 5 Al AFEETE o] F<tol MANET4
A= =A< dFE T8t ths CPE MANETY] ol&&
o A 1% Ol% WA WAYF] AEET olsdte Bt
AE F83 7+ =85S PDRS 7|Wlo® x}@oﬂ
o} Al HA A= MANET =9 dAolt}h C
o] AAs, A FulA /Y %j—tﬂé %——%
| o8] Eutd @ gA S97F PHErh A FX
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E.#ulﬂﬂ_l B
ol N
n T : "
bR ) yoo A RUE LSy
I W N o TR, NN oA
ﬂOM%Mmo o ﬂogRi%.xﬂ%%ﬂr
%ﬂﬂ_s o dp % = ﬁﬂumw A offl
oR T M ay o T Mo ﬂmﬂ%%% —
ﬂoﬂﬂmﬂog A X A R W i ~
G F < ) T of T TN A W
T W g 7R T T N uﬂ%igLi
o M - N oF — AR . n ° <0 o
U z.ﬁo B3 ‘Wro O_E zo L.f s 5 OC o= ;é;
ﬂﬁﬁ}wﬂﬂ R ) = M) Lﬁ7b%£1
aﬂu78ca on_dw_ 'y ~ MAT%LW‘_ﬂlAﬂWﬁﬁW
R E i~ o o % o 5 ok L 3
M o) oF o O S X of Fw R T HoR
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ST T 5 ®0 e T v Ey PR
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Al 2 A RSS AfFA A= F4

=9 A ZS AV Y3, H §]r(N01rmahze)H RSS A1&¢] 4¢} RSS
=S40l FREE HFe AE TEHS HAZsIstozHN o]y HFS
g8t

RSS 78k 919 QA o] g =do]
Lower Bounb, CRLB) 2] 313 #o] E=Z5Hw o= Ao me} &
Unbiased Estimatior7} @43 & & A& S4bs Yepdd9] =1 =
Ag wds 78d W, me SAMGIA ¢ (zy)d = 1,2,..,m) 8 $A]
(z,y)E 71 & 4 gle vy B =2 A" dEY]d el
B e YA E (r,y) 2 FA3= S99 CLRBE oF#fef o] Folxitt,

-2}Q  3}3H(Cramer-Rao

10y i dp’

, 3 5 5 - 5 2 i=1"1

Ocrlb = E[(x x) +(}’ }’) ]2 (URSS In10 ml m dJ‘U 2 (31)
= :+1( dZdZ )

¢

4714 4= B wEek ;A A Aole Aol d AL}
A A7 Aolel Azlolwl, 4, = mAs WA AAE Adet AR}
Ao Awk Agolth. G7A L= AREA A0l gpt RSS 249
27 Ao 9 Aol A= AL FojW =9 oA o Be
BAG0] #7449 © CRLB7 ztislol shul, wmeo} AAZ A2} &<
% CRLB7} 3Haslol @oh zlolth weba o 42 RSS 73k 29
oAl HgAQ dgow Agd 4

mhel A B RSS ol 74 FAE FAE ° AgHE S
oassS oFEl AT o] vEhd & gt

4
ot
o

Okss= O/~/n (3.2)

AN o= Auzz A @A) ARG g £FE Aol
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upekx RSS 7|0E 5919 e dA A, g LEJ A, A
g FuEQl a2 ARyt AEY(0), 183 RSS SHS
o AFEEE A9 Aol wet debdh of 714 Tﬂ—t— SIEA
S7HA71E el & A% A4S 185k

el RSS Aoz Am FHo]

AqE = Foh, Asg mde
MANETS 549 54 74599 RS 48 AAgo= A§3 Be9
S AW sbe] RSS WA FAH At RS aekw o347}
S A8 24N o7n AE A F40) AgekA e
whel ALFAANA . B RS 23T AY FAAES v
Hde Adgse] RS AW dold MA wss A JA
gAY obeh 43t 2t
n-n isc
PP Sl (3.3)
n— ndlsc

9 A" F4 As® P e FHE] Sal, A A~ 2
203 3784 37 (Grass, Sparse tree, Dense tree)oll A #7l = nE =87
¥dy

of me AY F4 A& AledelA skt A= 19 313

\
g 2\ 3 ok \
s Y 52| 5 (‘ \r | YTV YF vy e |
515 5 llM VJ\, \\l ,\VW\4(\,J‘va,f“‘,/v‘»w\"Lt’h}ww‘\,‘ﬂ’u‘wu‘rpvﬂ‘wﬂ‘,,‘
‘ YR Moy A g ”.'m s by

05 25 3
0 50 100 150 20 250 300 0 50 100 150 20 250 300 0 50 100 150 20 250 300
#0f RSS packets #0f RSS packets #0f RSS packets

1% 3.1 37FA A& (Grass, Sparse tree, Dense tree)d 3|7l ()] w

g
o] n %S #F 313 2




o7 AU QoA 9 3714 84 EAGH, wEg wE Abo] A
st = 37FA] &Aool AT 5 vk =g Jdr fAol M= 5070 <
=] ngkh 817H 129 ngk Abele] oabe] 2717k 013me] & T

Fel Al RSS A F ne

i
i
2,
X
rlr
b
ali
>
ol

: The unknown node

: Trajectory of the mobile anchor

: Broadcast point of the anchor

: Communication range of the node

: Available position as anchor for
the node

QD

% F

: Communication A

range

CPol =X AFAE CPY EF 4EE AGony FUs7 22
==, & 4t A HAT @ FA AR

sk 59, S Eutd dd A7 =9 (Mobile single anchor
localization)]t}. 19 329} o] X &HH o7 Al AE =& Az
& 4 9= el mukd g A (Mobile anchor, MA)7F & A 2] 2] 7 of A]
74 37 (Virtual anchor, VA)Z2A A FAS 93 ARE =S4
Agsts ol [17]19] Ao ax4 =95 93 A9 HE,
= MAY 71 F41 1Al et 7IEs AAZH o] FAY Y ARE

g8, 7ME syFoer HATY HE 97 vX(The 1 Anchor



deployment) ¥ & B4 7FEH9(R) wHEe] ¥ ZolE 7tz ALY S
FA st Aot B =70 Al oo Hg35hw ol o] e,

(0] OH-H
2
N
olr
oL
do
)
=2
jg
&

B\
i
i
> N
olr
:Oé
N

MAZF 89 A" w2 Ass A8 AdFd ARE A3k o«
Aoz 9 gu5d =EE EUE VAR 4ol 59 WeE &4y
A MANETo] =92 u7l#] o]ojEoln Hast=
(Stitching)ol2har gt} W& A& ado= vebiy 19 3339 2ok
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et
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LY
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.
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wnett *
.
o
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., oot
AL T Ty
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© : True Anchor

@ : Virtual Anchor

& - Unknown localizable node
;- The communication range

2% 33 Az AAMAL A2 Z9(A%), ~E P (L)
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FAT 2EAL Fo TE LSS AR ML A7 A 2,
B AE7} 3IN7F HA R F A B =FA
J3 MANETS == 484 ufjiol, & 38 =7} 3747 5=

A @) Wl o 45 MAZ 6P 59 $7 woh &
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[18] A= 7]slshs AFE3t] =9 E7F ==7F MAolA VA A
LG9S At HHES S ddsta, MAVE a9 A= ol %
HE S AAjste] F71A<e VAE A= MBAL(Mobile Beacon -

Assisted Localization)o] 2= 7I'"Hs A&7lgH. MBALCIA 59 &7
= JHAA Qe A AR Fof wpel AojHu WA A HRIF
071l =0 deir = =84 F7Pitos & 7= AFf ==
E ol FAZIAY A BRI7E 1AY 270%) ==Eol thd F7F VA )
ANA B FaE wW7bA] 7vels deo] Fdn. 47 AR 1)
L 270Q1 == disiA= 1wl 349 o] HA Y VAYXE ALteti,
d MAS x|l A 7Hd 7W7ke 1A= o]l §ste] VAE wjA|stA €t

M

‘.'ll‘l." iﬁq“-[-.. "l'.....*.'
& LY L] &*
...‘ & o 'I .‘.‘
® ® - - * e
™ d?* -' 1-' ™ 'l ¥
L] L L] - *
] - -
" gy Fu L™ = L [ d
[ | wilk W | . * I -
L [] e -
-l * - - u
- LT L] 50' efmamw = 5 "l:‘
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2 - - * *
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© :Anchor inside of R

2 ; Possible position of the unknown node

7+ - Communication range

d - Estimated distance between the
unknown node and the anchor

@ - Candidate area

2 - Additional VA

© : Current MA position

2% 34 A AR 2ADF), DHLEH) F9 B wre 37}
B3 2299
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A
U2 = 27k 7F vlaE o F71 gAL] wix = ~EAS
st Alor W 1) [18]¢] MBALZWF S35 = ~El X v A]

2
>
op
)
X
T
)
[-'II
AN
$
rr
m
by
Y
i
- T o x
=

L
N
o

9

g C e CPE AA olsdth T4l 7hereieh =23 HaAe,
Ef A Apol= T Al 28l AW A" REa) 374x] g o g
RSS 71¥t A 54 Iepn| g = 3 4-19] AAE o] Atk F 10,0008 9
AlgdolAdo]l Iad & Hitghs o] A3E douidt

Environment
Parameter
Grass Sparse tree | Dense tree
tmax Ls€C] 1000
N 10
C 3
Simulation
R [m] 30
dmin [m] 5
n 50
P, [dB] 59.94 60.84 52.14
RSS based | d [m] 1
ranging 5 2.55 3.34 4.02
opss [dBI 3.84 7.3 7.75

# 4-1 AlEdelAl v
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200 AT
I SitchinglL5) I G hing LS}

I stchingVDS) 18 - | I stitching(MDS)

:]mﬂ:u: :u::unm%s [ Without Stikching(LS)

] ul Stiching(MDS) 16 - | I Without Blitching(MDS) 1

180

160

1401 4r

)

120 ¢

100

B0
&0k
40 -
b} J
Al - o | |
Grass Sparse Tree Dense Tree Grass Sparse Tree Dense Tree
Qutdoor Environment Outdoor Environment

a9 41 ArE S9], 47 wAHE(EEA o) 59 AgE
(RMSE) (& - = A% §l=, 225 - = Ad 20 A

RMSE Value(m)
=

RMSE Value(m
S (=2 o

o

AA CPE MANET S9dAld Aol Ag7|vt 59 7]y 37 ¥
Helo] 2 =9 AL dHluwolth AL Hluw HEE RMSE(Root
Meas Square Error)E AF&-3ith 29 4.1 W= A 7|HE 59 vl
ANA A H EH(MDS)o] FHAAFHLS) vl 4 = 59 A

Grg HolEh HLAlwH e =25 9] sk T
el B R AR jNe SR AYAE jANtE ol &g
MDS= A7l jhe] A= AFE w2 AYGE B3 F7157)
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Abstract

Outdoor Localization Strategy
for Small Sized Mobile Ad-hoc
Networks of Pedestrians in

GPS-Restricted Scenario

Ja—Myoung Choi
Electrical and Computer Engineering

The Graduate School

Seoul National University

Outdoor localization 1S highly dependent on satellite
communication-based localization, such as Global Positioning
System(GPS). In the military/security field, its dependence is
increasing. However, in case GPS becomes no longer available, an
alternative outdoor localization strategy is required. In this paper, we
tried to study outdoor positioning strategies in GPS restriction
situations that can be used in mobile ad-hoc network(MANET)
consisting of pedestrians. The Received Signal Strength(RSS)-based
distance measurement techniques and Pedestrian Dead

Reckoning(PDR) techniques are adopted, and simple localization
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strategy that can be applied only by coordinates of the initial
point(IP) and checkpoint(CP), and empirical path loss equations of the
target environment i1s presented. The proposed localization strategy
combines the advantages of RSS-based distance measurement and
PDR to achieve the accuracy/energy/time requirements in the target
scenario. In addition, the performance is verified by applying it to
three realistic outdoor environments for target fields. It is expected
that the proposed strategy can be applied in various ways in the

military/security field and other fields.

keywords : Localization, RSS(Received Signal Strength),
PDR(Pedestrian Dead Reckoning), MANET (Mobile
Ad-hoc Network), Single Anchor Localization,
LS(Least Square), MDS(Multi-dimensional Scaling)
Student Number : 2021-26610
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