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Abstract

In this paper, we propose the algorithms which determine 1) the efficient anchor-node visiting

route of mobile sink in terms of energy supply and 2) the efficient energy amount to be charged to

each anchor node, by using the information of each anchor node and the mobile sink. Wireless sensor

networks (WSNs) using mobile sinks can be deployed in more challenging environments such as those

that are isolated or dangerous, and can also achieve a balanced energy consumption among Sensors

which leads to prolong the network lifetime. Most mobile sinks visit only some anchor nodes which

store the data collected by the nearby sensor nodes because of their limited energy. The problem of

these schemes is that the lifetime of the anchor nodes can be shorten due to the increased energy

consumption, which rapidly reduces the overall lifetime of WSN. This study utilizes a mobile sink

capable of wireless power transmission to solve this problem, so a mobile sink can gather data from

anchor nodes while charging energy to them. Through the performance verification, it is confirmed

that the number of blackout nodes and the amount of collected data are greatly improved regardless

of the size of the network.
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Fig. 1. Previous overview
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Table 1. Comparison of rechargeable Scheme
Paper
[6] [7] [8]
Compare
Kind of sink Car Car UAV
Charging
method RF RF RF
Improve amount
Reduce the |Of gathered data Prove the
Solution energy hot-spot mobile sink
problem Reduce the simulation
energy hot-spot
problem
To occur the
Problem mob|le. sink Apply the I|m|ted
location mobile sink
overhead
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1.2 Wireless sensor networks using mobile sinks
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Table 2. Comparison of Mobile Sink Scheme
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2. Energy model of anchor nodes
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3. Sharing the information of anchor nodes
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{b} With anchor nodes® location and energy information
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Fig. 5. Change of drone’s path according to
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5. Algorithm for Determining the amount of energy
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Algorithm 1 Determining the amount of charging energy for each anchor

drone
Echarge

01: Edﬂ)ﬂe

moving ° and Ef2E2, 14 are initialized to zero.
02: For i=1 to Ngpenor
03: LOCATION g chor 1s changed to the location for
the next anchor node in the optimal path.
04:  E3rone 4= F(Distance(LOCATIONyone, LOCATION pcor)

‘moving
03: LOCATION grone = LOCATION gy chor

06: end For

07: Efrone 4= E(Distance(LOCATIONgyone, LOCATION gse station)

‘moving

08: LOCATION gyone = LOCATIONysse seasion

. pdrone drone drone drone total runit
09: Ec}m-rge - Ecapaclty - Emwmg - Esys — DrgunaErecy
10: For i=1 to Nichor

. total chor anchor
11 Eihresnota = (Ethrsshald @ - E ected(l))
12: end For

drone
13:if Efpgrge >= Ethrsshold then
pdrone _ pto

14: B _ Echarge mremom

. extra

Nanchor

15: For i=1 to Ngnchor

. drone _ ptotal
16 if Efhgrge = Eihreshola thenm

. . anchor anchor
17: Benarging () = ( BERA (1) — EER (D)) + Fesera
18: else

. drone
19: Echarging (1) = Echarge | Nanchor
20: end if
21: end For

Fig. 6. Algorithm for determining the amount of
energy charging to each anchor node

V. Performance Evaluation

1. Experimental environments

e 2] Zke] A otk AEH Tk A7 wEES ViR

AFE AR, 2 wEES FYH o MASYT, 37
s 8 AU A el 1S 9 B N 89
vpgos AEdlel e st AFIME ofle] & 37149
i Pl s, O o A sls 19 Az

= 7] (static path



An Efficient Energy Charging Scheme for Wireless Sensor Networks Using

a Mobile Sink Capable of Wireless Power Transmission 7

scheme), @ =2o] @A| BA ==9 9| FHE w2 djetato]
A ARZ W8l 719 (anchor-location sharing scheme)
[15], niA o 2= @ & =iodlA] Aleksl= 719 (proposed
scheme)o|th. AAg A8 $4E 1 39 7=tk

Table 3. Experimental environment

Parameter Value
Experimental time 15 days
Length of round 2 hours
Size of field 750 X 750 m’
Number of nodes 500 ~ 2000
Battery capacity of a node 2000 mAh

Sensing data size 44 bytes
Transmission range 10 ~30 m

Data transfer rate 250 kbps

RX Energy 6.5 mW

TX Energy 59 mW

Battery capacity of drone 4480 mAh

Speed of drone 10 m/s

2. Performance evaluation by changing the number
of anchor nodes
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Fig. 7. The number of blackout node according to
the number of anchor nodes
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Fig. 8. The amount of gathered data according to
the number of anchor nodes

3. Performance evaluation over time
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Fig. 9. Number of blackout nodes over time
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Fig. 10. Amount of gathered data over time

4. Scalability evaluation
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V. Conclusions
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