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Least-Squares Approach Using Moving-Averaged Signals for Transmit Power
and Path Loss Exponent Estimations in Wireless Sensor Networks
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Abstract

In this paper, we present an estimation scheme for the transmit power(TP) and path loss exponent(PLE) for hybrid target localization
in wireless sensor networks. In the absence of knowledge on the TP and PLE, hybrid target localization schemes that utilize both
received signal strength (RSS) and angle of arrival(AOA) measurements have significantly reduced performances. To estimate the TP
and PLE in the presence of a severe measurement noise, moving-averaged RSS measurements are applied to a least-squares algorithm
utilizing a tentatively estimated target position using an AOA-only algorithm.

Key words: Wireless Sensor Networks(WSNs), Parameter Estimation, Least-Squares, Moving-Averaged Signals

I.M B B4 AEHE #FS 715 fEiA 3SR
A AN EY D50 24, 5 3 g TofdlA &
A A Y EY A (wireless sensor networks)s =24 o] & k. HIdd= FA AAM HEYIE &8

"The authors gratefully acknowledge the support from Electronic Warfare Research Center (EWRC) at Gwangju Institute of Science and Technology (GIST),
originally funded by Defense Acquisition Program Administration (DAPA) and Agency for Defense Development (ADD).,
FHU gt 7 FE A 35413 8 (Department of Computer and Communication Engineering, Korea University)

#1318 T 4 (Agency for Defense Development)

- Manuscript received July 3, 2020 ; Revised August 11, 2020 ; Accepted September 18, 2020. (ID No. 20200703-056)

+ Corresponding Author: Won-Zoo Chung (e-mail: wchung@korea.ac.kr)

816 (© Copyright The Korean Institute of Electromagnetic Engineering and Science. All Rights Reserved.



gto] 249 X FHots A7 I Sl F
A AA HEQ A 549 93] FH 7 A=
o] 7t &4 R A5 A7) S HHo| oEst=,
28 FA A MEIE AA FHE 8 AAE A
o] ofBR A AT FAF HH2l tF 2159
B2 34 dlgd g Agatr] st ek 92 4 A
F7F AEE ok 71Ed e A A e AR
(anlge of arrival: AOA)°l 9J&3 AU Al 259 A7
| l‘%_(recelved signal stregnth: RSS)OHET o] &Este gy

0] AFH o HIdE BHEE AT
Hokﬂ RSS9} AOAZ FA]0] A}%o}t hybrid 7| E©]

e o] gtot
RSS/AOA &3 S4AE AHEE 24 914 +4
+ non-convex A ¢ A3} FARE A=, ©f
£ £7] 9314 maximum likelihood estimation(MLE)
o] A=l 34T MLE 719 EA 3 A
FOE Ql3te] thgE non-convex A 3}HE $&T
st ZAbEol XA HAY, 24 1A FHS AT
3 Least Squares(LS) 7%= Aot el MLE 7]
Aol BASAT LS 7T F frabeh W A B4 E
£ 7He £4 34 ¢SS AHEs] A4 Semi-
definite programming(SDP) relaxation 7]'83} second order
cone programming(SOCP) relaxation 7| HE7} 7+ 24 3
A3l 7|50l ASEHAULE HeEAs Hastet oY
3 {2 wHs B D}Tﬁ}"]ﬂ A% B 7l
£ A&atele o A=t Tk AElE 77 Al
Aot B4 Atolo] Aol RH|#H|sHE squared range
weighted least squares(SR-WLS) 7193} %29 78 &%
S AHgete] FAH 0BT A 71238t 7154
E A}E-3) weighted least squares(WLS) 7] o] o .7 o]
o Ao ol At dES A3 IAket] AR
EC-WLSY W o] 7b53] 4 A4 W ol 39
Aee BAE vk drh
T2 ol HHES TP
RSSEFE A BHE Ags]
o A8 =%k TPY PLEE BE f‘z
A 92 F4 71 e A A —’T“#oﬂ ‘35\13}.
upebx] TPY PLES EE2& 48l tiste] 3

ok

N Ao

_|_._,
2
o oo Hr o 2L o

/\

-~

¢

rE N

R
g
=
t

il
)

A2 F4 7ol hdE ol sk
FAE [6]1M= 434 REE TP
maximum likelihood estimator(MLE)E 3’
order cone programing(SOCP) 4] 0.2 ]Z—,
= AREstel 249 1A 9 TPE Tt 137}
]°ﬂ* t RE2E PLES %91
g A=
o] PLEY] i3t sl& x7l¢ stk FrEd (8]0l
generalized trust region subproblem(GTRS) 4]
2 TPoll #3 WLS A 3kE AAJekA L, FI+3
M BA3 B2E TP rﬂo}fﬁ A A WLSE
St Tt kAT o83k WHHE S RSSO =47
74914 TP} PLES] F4d 50l EolA7] &

l:l

ut
1 o
Mo
v

e &

=M= AOA WA SR F449 3
7|9FO.Z RSSell 3 45 o] &ste] RE
1740}7] flsted LS HA 3} 71 e
SAEol A 496 dB EFUA), LS 8
ato] ek AR S Ho® "ol
st RSS SAgkEel HARE AHSse ol
(moving average) W3] A|Qtetth o]E Fated A%
Gy EFY] AFoIe AREHAAT FHAE AL
x4 o] F4450°] AOATHS: 9Edh= 73¢9 %4
Aes 43lsta, TPe PLE7F o7 799
FAA T AR st g
o] AL Section IT oA WSNsoll A1) $ A%
H

o b
i
{o
Ho

=
2

=

sl

i T

&
i
i
ok
=
9]
w2

o,
L
dlo

_l

l-«O
|
b
)
o
otk |o

)

o
(.
A T2

4 ofo

A %

2

d -

fd do ko
i !
oxl
o

rir 2o e
b
o

i

A As 243} TP} PLES] 93-S A3}, Section [l
oAl At WH S A3, Section Vol AlE# o]AS

Fotel At W e AFailt
=
21 A 2" 2E

1% 12 54 MM Y E$ Z(wireless sensor networks:
WSNs)oll A A AlM == 9} Jﬁsﬂrsﬂ A 2 7=
FEAIETE NN Z o] FolZ AN B F A AlA k&
o AE a =la;,.a;,0,.]" 2 J—i/\IO}_L x49 9

5, = [0y, TR AT AN B EH9] A

817



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 31, no. 9, Sep. 2020.

T

JE 1. A AAMe 24 $1X<] 320 A
Fig.1. 3-D relationship between i-th sensor and target
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Fig. 2. TP estimation performance using the proposed

method.
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Fig. 4. Estimation performance of the target position using
TP and PLE estimation via the proposed method.
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