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[Abstract]

In this paper, we propose a scheme that minimizes the energy imbalance problem of solar-powered
wireless sensor network (SP-WSN) using both a mobile sink capable of wireless power transfer and an
efficient clustering scheme (including cluster head election). The proposed scheme charges the cluster
head using wireless power transfer from a mobile sink and mitigates the energy hotspot of the nodes
nearby the head. SP-WSNs can continuously harvest energy, alleviating the energy constraints of
battery-based WSN. However, if a fixed sink is used, the energy imbalance problem, which is energy
consumption rate of nodes located near the sink is relatively increased, cannot be solved. Thus, recent
research approaches the energy imbalance problem by using a mobile sink in SP-WSN. Meanwhile,
with the development of wireless power transmission technology, a mobile sink may play a role of
energy charging through wireless power transmission as well as data gathering in a WSN. Simulation

results demonstrate that increase the amount of collected data by the sink using the proposed scheme.

» Key words: Wireless Sensor Network, Mobile Sink, Wireless Power Transfer, Cluster,
Harmony Search Algorithm

A Al
oA Ak FAE el 4= Uk A 1"
S50 oUyA] AH7F AH o R Frleks A4, S oy x
ok Hol Aol SP-WSNel| Erkd AT E Abg
ek BH, T4 AE A v)E o] whel WSNellA a7}
S B AU SH I & 4 k. B =
2 o} a&49 FY2HY HEY2H = A& Xhs
A B TAE ALsEhe 7IHES AlRbsth At Ve Sea

FAN/ 0, B A= HES B 8=
=

B oA 4

N,
T
T
2

2

=

[l
0

Y
ofl
4
T (=
=,
>
=
I
do
Ju
S
z
Z
o
B
b
)
o
fr
=
°
B
i
o
N,
i)
= i >
X0,
2
T
o
AC)

e 2

l

Mo
N ¢
=
9
Ho
i
oty

=Oé
ilh3
ol
=L
2L

Y

=

iy
ol
ol oty
vl

»ZA0] - Bl MM HERS, DY 43, 2 Y WS SHAHT 7|E, stEY M| 2isF

» First Author: Youngjae Son, Corresponding Author: Dong Kun Noh

*Youngjae Son (karit@ssu.ac.kr), Dept. of Software Convergence, Soongsil University

**Minjae Kang (minjaekang@ssu.ac.kr), School of Convergence Specialization, Soongsil University
*Dong Kun Noh (dnoh@ssu.ac.kr), Dept. of Software Convergence, Soongsil University

* Received: 2019. 12. 26, Revised: 2020. 01. 13, Accepted: 2020. 01. 21.

Copyright © 2020 The Korea Society of Computer and Information
http://www ksci.re.kr pISSN:1598-849X | eISSN:2383-9945



106 Journal of The Korea Society of Computer and Information

I. Introduction
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II. Preliminaries

1. Energy Harvesting Wireless Sensor Networks
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2. Wireless Power Transfer
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E - Present Head - Next Head () - Sensor Node x - Mobile Sink

Fig. 1. Overview of the proposed scheme

3. Optimal Cluster Structure for Mobile Sink

Letd A3 BE B8 WEsh] oy eng E4
L E0kS WREsfiof skt olF $loll HEYNAE S2AHT
Sh= Zio] Wash "ok S2AHDI F2AH e =20t
EAfst Z2AH WRo] HolHE S4RH, 2etd
3+ ol2fel 22AH F& =50 WSt o HE
o] 22 AF FASt FAl= ZZAR GFARE Eare]
EAISHA] kot ol siAsts Whier tEt §2i2H
2]50] Wol ARHLt. o] Alds =Ryste] At &40
e Aol oS =01 AEAP T 2ol &8st A
Aehsli7 ke Raa 2o /A EaejEGA)9], My =L
712} o] ATl ES ste A AT 54s et
WA 4 A AeHPSO)[10], &= A= o ofgt=
2215 Yle stRYE A= 1S 2ot sty MA] 4
E(HSA)11] 5] Erfghct.

> r

1 o
|u

0}

)]

T

l-uO
kil

ol
p——1
i

ol

i)

III. The Proposed Scheme
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1. Energy Neutral Operation of Node
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2. Initial Clustering Structure
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3. Next Round Cluster Head Election Algorithm
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Table 1. Next head election considerations

Number Weight Content

Energy variance between
candidate head and neighbor
nodes (EV)

The number of neighbor nodes
within 1-hop distance (NN)
Hop count between candidate
head and current head (HC)
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Fig. 2. Change of a tree structure within a cluster
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4. Data Gathering and Recharge
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IV. Experiments
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Fig. 3. Received data at sink node over time
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Table 2. Simulation parameter

Parameter Value
Simulation time 50 days
Field size 100m < 100m
Number of nodes 400, 1000, 1600
Sensor node battery capacity 110 mAh
Sensor nodes sensing data 100 bytes/min
Sensor nodes transmission range 10 m
RX energy 65 mW
TX energy 5.9 mW
Mobile sink battery capacity 2375 mAh
a:f:y 8:1:1

2. Experiment Result Analysis
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V. Conclusions
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