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ABSTRACT

In this work, it is aimed to estimate the location of nodes in a blind area surrounded by walls, where the
anchors are located outside of the walls, based on wireless network. First of all, delay of signal caused by walls
is mathematically modeled applying the law of refraction. Base on the modeling of delay, this work proposes a
simple and novel positioning method that overcomes degradation of positioning accuracy caused by walls. It is
noteworthy that the proposed positioning method can perfectly compensate for the degradation. In addition, the
performance of the proposed method is analyzed with Wall-dilution-of-precision (W-DoP), which is established in
this work. The analysis validates the fact that the proposed method can perfectly compensate for the degradation.
Moreover, the analysis implies that W-DoP can be used as a metric for determining arrangement of anchors
when there exist walls between tag and anchors. It is remarkable that ranging errors in this work are assumed

very rigorously for practical simulation.
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o] =2 Astwr} Ad WE JehfHich Trilateration (1) | 1.951 | 1.957 | 9.027 | 3.589 |15.735
WA E 1, £2, 3% 3, 33 45 F38) 7 A Trilateration (2) | 1.951 | 1.957 | 9.111 | 3.598 |15.810

o 5 9lor] Fa P B =l Ak 59

71He] A8 Al Hom <lgh 59 °i}7} 2k sA AL 7ol v F2 e viehde] Faldch

A 3 o] Ho] ¢l we] r]Ee] 59 dare] yrldos A 7PsaE AL e} gl WA
Zwr} o] 9le wle] AlekEl 29 ok _@_01 o = LM aelge] 71 el 39 Aees 2o
< 29 AFEE Bolrths Holr} FAH oz A SD daeE|EE 34 72 ii}ﬂ nolof izl 2h2-
ahd okt Atk & 19 59 daelEe] At & 1, 2,49 Apdelld= oh2 59 el el nlsl) o
29| 59 darelEe] Aes vlaste] AR o, = e s Ze i E2 npelofaE 2= 3,51 R
o] EAfEHA Homm 9] darelFe] Aol A Hoﬂxi~ Ve TS A S AR 5 9
3] Astee AL WA 5 olek AR & 19 A o} 234 ()3 34 )2 vlaslde 0, =4 7))
T 3 2004 B =tellA] Al 7S A81 S 2319 mjelolzrt Aol i 1,2,4W Adelr=
4l el (W-GN, W-LM, W-SD &ae]5)¢] A 27 ()3} 37 (2)eld =9] ue|Zoe] A9 u|&
oo Hlaste] sk, o] glEehE - =rellA g AB-o 7 ulm Alhr o2 njolel st 2 3.5
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Fig. 3. RMSE of positioning algorithms in environment
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WA= 27 (DellAe] 591 dazelse]l ¥ F
- 59 Aes 2= 7o) Feldrt

IV. DoP &09| EM

DoP= €29 %im A= 9l ] <§7] wix]
o HEAE ouE 4= 9lrk ulelA] o= wix|%
e]22] 9]x|o]l whe} 1613l DoP2] HAFhS i wi

2] ZEAS HepllE 71Eo= A8E 5 9lrt &)

A5t DoP I RE B =tollA e A 2 Algk
5 591 71l Halde A8 ¢ qly] wiite] £
A= WL wEsle] 7)EQ DopE W3
W-DoP7} Aok} 2 Aollx= W-DoPE %45}
ArEl 9] 7] el sl FA sk} gk
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4.1 W-DoP ®E

71 DoP &l d7e4= DoPE f8l7] ¢
3 2= Aguke zEEle] AHoE HAFLel
Az} TAP) ALEc) o] & AEL] =4 72¢
A491-8-S (uncorrelation) HFERO. R, W] 3F S o
&t 24 413 ZA7} (best linear approximation on

unbiased estimator) 4%t} AEX 22 DoP+ v}
<3 2] fr=soh
Virace (J7(z)J(z)) ") 17

3, W-DoP %= 9H4l 327 eljx] 7]&e] uki
591 darelFe] JiAE whEat visssiAl JRAdE o

fresek w4 2] (5)9F 2ol dAFES FEE=
et ohet Wow qlsf Hojl= Aolrh x3}
wlo] Aol x, wlebr Apzm|et AF Jz) Al 3.2
Aol 2708 J() 7+ A} (17l thsiElelzle). AeA
© & W-DoP+ olfle} 7o fr=xivk

\/trace((J (z)

Tz) ) (18)

4.2 W-DoPE &%t &4
A 3.4742) mojAlgle| tis|A DoP2} W-DoP]
FEghe Tkl Fek olF Slald 107w wkE
Agle] Agsl=vl, 7k Advict Blz1o] 915 He
2 Eeinpel 2ol o= $]2]417 DoP<} W-DoP
7F Ak o] oL ggke] deixlek L Ak vheat
2t wiA W9t DoP= 3.8849] e Za AT
W-DoP<= 3.7949] 3t& Z=t}. o] Aah= 34 3.4
Aellx] o] gli= FAelA & 39 7S A8
#l ko=l (W-GN, W-LM, W-SD)°] o] ¢li= %

D)

1

AellAe] 7]1E2] &9 ¥EE (OGN, LM, SD

=o =9 HEes zH= Aol Hg DopA <l
< »}E}HM

gHH 34749 RO 2 3ol x|nt 9§72
9= wiARE =492 (22,20,0), (—20,22,3),
(—22,—20,0), (20,—22,3) & wWix% o] w2
H¥ch o] w FF DoPE 3.272, FF W-DoP=
3.5569] ZFS Z=r) o] A moAFI= e
W-DoP2] gte] ©] 7] wjiel] £ =ollx] Algkel
291 7] Ag=tjele, Heor <l sk &
9] gt} ehis) makeR]) 23 Ao] o dEiv) £
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Table 3. RMSE of LM algorithm and W-LM

Channel number

Positioning algorithm
1 2 3 4 5

LM wjo walls (1) 0.507 | 0.506 | 1.763 | 0.771 | 4.585

LM w/o walls (2) 0.507 | 0.506 | 2.173 | 0.815 | 5.077

LM with walls (1) |6.165|6.166 | 6.227 | 6.175 | 6.931

LM with walls (2) |6.157|6.158 | 6.852 | 6.212 | 8.581

W-LM with walls

M 0.955|0.960 | 1.992 | 1.142 | 4.773

W-LM  with walls

@ 0.959 | 0.960 | 2.325 | 1.172 | 5.137

3olMis B 2oy 317 slelld He] ¢l o) LM
otwe]Zy Wo] 9l& uwf LM <ie|Zy Ho| ¢JS o
W-LM &ae]5e] Ao vepizich & 38 3ks)
WOE 1, B 29 e B =EelA Ak 29 7]
ol 4=l Ho] $ls wle] 39 daeEE

nrp 32 AeS welth o= W7 DoPs} Wi

I W-DoP7} 4 DoPXt} 2 3he =tk 72,
AFEL] w7}, B =Eoll A AlgkE 7o) H4=
HEfs #oZ qlgh 29] Azl Hafo] sh3] =
A o5 wHE, WHoll tia)] FH ket wix|ql
ole} k2 wWigtom wo] gls wf F9| UaE|F
(LM with walls)®] 22| A =7} % 20 vls) & 3
oA go] Fel=ir

<
X
M

E A B 59 daEFelr] dEA e

k)

2
2 ehhes w9 e golge Qa3 A st
J

[
= mdgEglon] o|F wieke e g JashAu o
5

A A wolt= 291 7ol ARkEIglE Al

=913, W-DoP ¢} DoP7} @ A2
uf, o] 9l AFadella] 7] wjx|2] 7]Fe] & 4= 9)
ol He Ark
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