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Abstract In this paper, we propose an outlier detection algorithm called C-SCGP to prevent the
degradation of localization performance based on RSS (Received Signal Strength) and AOA (Angle of
Arrival) in the presence of outliers in wireless sensor networks. Since the accuracy of target estimation
can significantly deteriorate due to various cause of outliers such as malfunction of sensor, jamming, and
severe noise, it is important to detect and filter out all outliers. The single cluster graph partitioning
(SCGP) algorithm has been widely used to remove such outliers. The proposed continuous-SCGP (C-SCGP)
algorithm overcomes the weakness of the SCGP that requires the threshold and computing probability
of outliers, which are impratical in many applications. The results of numerical simulations show that the
performance of C-SCGP without setting threshold and probability computation is the same performance
of SCGP.

Key Words : Wireless Sensor Networks, Received Signal Strength, Angle of Arrival, Localization, Data Fusion,
Outlier Detection

*This study is supported 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).

"Corresponding Author : Wonzoo Chung (wchung@korea.ac.kr)
Received September 1, 2021 Revised October 19, 2021
Accepted November 20, 2021 Published November 28, 2021



32 gse=2x| H11E H11s

1. M2
222Q) BAL BET 7125 AeIH 20
oz BuE A4 1S FA AN YEga

(Wireless sensor networks (WSNs)Z} ah £
29l YA BH o7 AARHA] LtrH1]. 2
F4 AA YEYIA F4l A4S B& (Received
Signal Strength (RSS) =& Z%= (Angle of
Arrival (ACA)E &%t #H9Y AAE FAoh=
W2 A7F P UTH2-5].

AN A, AW, gl 9%t et Faat 22 o
Fob A1 = skl AlA7L oA (Outlier)E =41
= 913, o|AR|E EFSH RSS/AOA SHAE 7|4t
2 TA9 Y= A5t Yx|=A A} 4
G014 &= Qit} ol e 45 AskE WAIsH] {6l ol
FA AAE 1’ 9SS partitioning 7Ho] AH
AcH6-8l.

Single cluster graph partitioning (SCGP) &1L
gF (8] W2 EofolA AMEEIL = oA HE
gargjEolrt. SCGP ¥are|ES Ah&sto] Z=ZARE
Z}o] (Time Difference of Arrival (TDOA)?} =&
g Fuke Zo] (Frequency Difference of Arrival
(FDOA)E 7I¥te g #A9| 94|} £ FHol=
G| EofA o] FAE AASH= AP A7 AU [91.
SEA|gE, RSS/AQCA EAAE 7|Wte g 19 A&
FAst= Aol olof o]gt ol A& AASt= A+
7} @o] o|FojA 1 YA AUt}

21 =8 [8, 9]9A SCGP ¥ E|&L threshold
£ ARgsto] 13 002 O]—‘T‘—OVS Ay FE
(Adjacency Matrix)E 311, )& 7[Hto.g2 #Z 9]
AANE F45k=t 85 At A JEE
21, Gaussian &= 7Hgsto] G2 FE gt &&
= Toto] oA E WHEi SsHAIRE, ojuf |F9
threshold #Z k= Aol F8ast] W2 try-
and-errorg 5319 threshold &< F5HA Htt o
£o] o] Fx|oj i gho] Qg SE ALk W2 ¥
AFAA)A] (Prior Information)o] H83}to] thafst S
€ EoF A8 w2 AorS Holuw it wEhA
SCGP oFd& S5shke dalejgel dastt.

E =RoAE 7]& SCGP ¢ E&9 FHS 25
3= continuous-SCGP (C-SCGP) ¢ 1g|&E Aot
St C-SCGP €8]&L thresholdE AMESHA|

o

mFi o mek o

% somooth g A2 7]5k9] Q1Y FBL 3}
E0°| obd gkl tigt o8] = &7t AR
29| o|A] o BE wstITt. o3t C-SCGP ¢
quo] RSS9} AOA 719k} §1x]534] g-80]A SCGP

s7tote 45S HolA He AlEdoldE Boto

Ol

A M
oxl ok

l_,

2. RSSet AOA gH 71dto] fx|=d

Fig. 1 i¥iA AlAo 4 749] Agjet 4xg &
olEth & =Rolde NS AlAS 1749 BEo =
o|Folxl FA AlA YELIE 1ttt iHA Al
A= ;i=[aix,aiy,aiz]T AL x=z ,7561,#6 2 9
A& ettt 2 AlA oA 229] 415 obal,
SA1 AT oA RSS9 AOA SHAE o ot
7Hg st ATH2-51.

tlo ml
o
30 X
=

<

X

Fig. 1. Network model between a target and

sensors in 3-D.
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Fig. 3. Initial target estimates based on all
combinations of measurements using 3
sensors in 3-D.
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Fig. 4. Position of target and sensors in 2-D.

Table 1. Position of target and sensors

Position (m, m, m)

Target (200, 500, 300)

(400, 200, 800), (300, 100, 800), (400, 700,
200), (100, 400, 300), (100, 200, 100), (500,
900, 900), (900, 200, 600), (200, 600, 300),
(800, 600, 200), (700, 500, 100)

Sensors
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