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[Abstract]

In wireless sensor networks, batteries limit lifespan, and heavy data transmission around the sink
causes the hotspot problem. To address this, data collection amounts are allocated to child nodes to
limit transmission. However, this approach has issues with nodes far from the sink having excessive
energy and failing to transmit the allocated amount due to data transmission errors. This paper proposes
a method to prevent sensor data loss through error recovery via retransmission. The method ensures that
each node's retransmission volume stays within its allocated data amount and energy limits, using excess
energy for error recovery. Simulations show that this technique effectively recovers data transmission

errors, collects data, minimizes energy depletion around the sink, and increases data collection rates.
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I. Introduction
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III. The Proposed Scheme
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Fig. 1. Overview of the proposed scheme

1. Sensor node energy model
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Fig. 2. Process of the proposed method
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Algorithm 1 Process of the proposed method

11 Saggr < (3),(4)

2: Send 8,4, to the parent node.
3

1

 Ssense; — (6),(7)

: Parent node allocates data transfer to child node.

. Transfer data.

G: If successful data transfer, ACK message to child node.
7. if ACK message is not received then

8 sret — (9).(10), (11)

9: Retransmit as much as s,.;.

10: end if

Table 3. Simulation parameters.

Parameters Values
n 1000
Duration of a round 1Th
Transmission period 1 min
Transmission range 10 m
Transmission rate 250 kbps
Sensor battery capacity 110 mAh
Sensor initial energy 55 mAh
a 4
B 100 pJ/bit/m"
€y 48 mJ
Cidie 8 nJ
error rate 0.2

IV. Performance Evaluation

1. Experimental environment
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2. Experimental results

2.1 Evaluation according to the number of sensor
nodes
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Fig. 3. Comparative Analysis of Data Received by Sync
Nodes in Response to Changes in Sensor Node Count
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Fig. 5. Comparative Analysis of Data Quantity Received
by Sync Nodes with Changes in Error Rates
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2.2 Evaluation according to error rate
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Sensing Based on Node Density

V. Conclusion

B R0l ouiA] 2% B AN YEQI] o]
B &4 B4 S22 o) dt ouxlz 987t W
dolels AEgsts 71He Atk Alks WAL A}
Al ek A% 7154 golEe] ke ANSL Be e
oAl Rzsto] Mg 715 Hlolelg AXSEL AdE Mg
715 HlolEiE B8 1w eo} AJA] ko] 2| Hlo]e
H4% Stk dloje] A4 3 ACK UAIAIS WA 23 i
=] golEj2 x| olgaE AYHES 08 & ol
Bg =27sit 2uHoR oy 4% ¥yor A3
LE 9 0 AW Lco) our] 18 HAHSD Ut
]

ouxz 95E 78 dole 2UES 7RI A
gﬂlOI 231, 9 71400] of Aol Slole] F4

avxog %7sle] goleg 2202 243l
% 18 G, 46, SA FR HAS BT TA A

v O

A YEgia0] 85t Wag a7 Aol

d

ACKNOWLEDGEMENT

This work was supported by Kyonggi University's
Graduate Research Assistantship 2024.

REFERENCES

[17 L F. Akyildiz, W. Su, Y. Sankarasubramaniam, and E. Cayirci,
"Wireless sensor networks: a survey," Computer networks, vol.



182 Journal of The Korea Society of Computer and Information

38, no. 4, pp. 393-422, 2002. 10.1016/S1389-1286(01)00302-4.

[2] S. Sudevalayam and P. Kulkarni, "Energy harvesting sensor nodes:
Survey and implications," Communications Surveys & Tutorials,
IEEE, vol. 13, no. 3, pp. 443-461, 2011. 10.1109/SURV.2011.
060710.00094

[3] V. Raghunathan, A. Kansal, J. Hsu, J. Friedman, and M. Srivastava,
"Design considerations for solar energy harvesting wireless

embedded systems," in Proceedings of the 4th international
symposium on Information processing in sensor networks. IEEE
Press, p. 64, 2005. 10.1109/IPSN.2005.1440973

[4] D. K. Noh, K. Kang, “Balanced energy allocation scheme for a
solar-powered sensor system and its effects on network-wide
performance,” J. Comput. Syst. Sci, vol. 77, pp. 917-932, 2011.
10.1016/.jess.2010.08.008.

[5] R. Balamurali, K. Kathiravan, and T. Krishnan, "Mitigating hotspot
issue in wsn using sensor nodes with varying initial energy levels
and quanti cation algorithm," CYBERNETICS AND
INFORMATION TECHNOLOGIES, vol. 19, no. 3, pp. 118-136,
2019. https://doi.org/10.2478/cait-2019-0029

[6] V. Sharma, U. Mukherji, V. Joseph, and S. Gupta, "Optimal energy
management policies for energy harvesting sensor nodes," IEEE
Transactions on Wireless Communications, vol. 9, no. 4, 2010.
10.1109/TWC.2010.04.080749

[7]1 R. Kadel, K. Paudel, D. Guruge, and S. Halder, “Opportunities
and Challenges for Error Control Schemes for Wireless Sensor
Networks: A Review,” Electronics, vol. 9, no. 4, P. 504, 2020.
https://doi.org/10.3390/electronics9030504

[8] L. Biard and D. Noguet, "Reed-solomon codes for low power
communications." JCM, vol. 3, no. 2, pp. 13-21, 2008. 10.4304/

jem.3.2.13-21.

[9] J. Jung, M. Kang, D. K. Noh, and S. H. Cho, “Energy-aware
Reed-Solomon Scheme for Improving Data Reliability in
Solar-powered Wireless Sensor Networks,” KIISE Transactions on
Computing Practices, Vol. 23, No. 2, pp. 122-127, 2017. 10.5626/
KTCP.2017.23.2.122.

[10] F. Jalali, S. Khodadoustan and A. Ejlali, "Error control schemes
in solar energy harvesting wireless sensor networks," 2012
International Symposium on Communications and Information
Technologies (ISCIT), pp. 979-984, 2012. 10.1109/ISCIT.2012.
6381047.

[11] G. G. Wook, M. Kang, Y. Kim, I Yoon, and D. K. Noh, "Efficient
FEC Scheme for Solar-Powered WSNs Considering Energy and
Link-Quality," Energies, vol. 13, no. 15, pp. 3952-3961, 2020.
https://doi.org/10.3390 /enl13153952

[12] M. Kang, D. K. Noh, and I. Yoon, "Energy-Aware Control of
Error Correction Rate for Solar-Powered Wireless Sensor
Networks," Sensors, vol. 18, no. 8, P. 2599, 2018. https:/doi.org/
10.3390/518082599.

[13] Y. Yang, L. Su, Y. Gao and T. F. Abdelzaher, "SolarCode:
Utilizing Erasure Codes for Reliable Data Delivery in

Solar-powered Wireless Sensor Networks," 2010 Proceedings
IEEE INFOCOM, San Diego, CA, USA, pp. 1-5, 2010. 10.1109/
INFCOM.2010.5462283.

[14] C. Wu, S. Ohzahata and T. Kato, "An Adaptive Redundancy-Based
Mechanism for Fast and Reliable Data Collection in WSNs," 2012
IEEE 8th International Conference on Distributed Computing in
Sensor Systems, Hangzhou, China, pp. 347-352, 2012. doi: 10.1109/
DCOSS.2012.36.

[15] L. Yoon, "Data Acquisition Control for UAV-Enabled Wireless
Rechargeable Sensor Networks," Sensors, vol. 23, no. 7, P. 3582,
2023. https://doi.org/10.3390/s23073582

[16] T. Melodia, D. Pompili, I. Akyildiz, “Optimal local topology
knowledge for energy efficient geographical routing in sensor
networks,” IEEE INFOCOM, vol. 3, pp. 1705-1716, 2004. 10.
1109/INFCOM.2004.1354582

[17] K. Doddapaneni, E. Ever, O. Gemikonakli, I. Malavolta, L.
Mostarda and H. Muccini, "Path Loss Effect on Energy
Consumption in a WSN," 2012 UKSim 14th International
Conference on Computer Modelling and Simulation, Cambridge,
UK, pp. 569-574, 2012.

[18] H. Jeong, J. Kim, and Y. Yoo, "Adaptive Broadcasting Method
Using Neighbor Type Information in Wireless Sensor Networks,"
Sensors, vol. 11, no. 6, pp. 5952-5967, 2011. https://doi.org/10.
3390/s110605952

[19] J. Yi, M. Kang and D. Noh, "SolarCastalia — Solar energy
harvesting wireless sensor network simulator," 2014 International
Conference on Information and Communication Technology
Convergence (ICTC), Busan, Korea (South), pp. 1-2, 2014. doi:
10.1109/ICTC.2014.6983072.

Authors

Gun-Hee Kim

Science  and

received the B.S. degree in

Computer Engineering  from
Kyonggi University, Korea, in 2024. Kim is a
master's student in the Department of Computer

Science at Kyonggi University in Gyeonggi-do,

South Korea, in 2024. She is interested in Al, IoT, and

wireless sensor networks.

Ikjune Yoon received the B.S. degree in

Computer engineering from Jeonbuk National
University, Korea, in 2005, and Ph.D. degree in
Computer Science and Engineering from Seoul

National University, Korea, in 2015.

He is

currently an assistant professor in Division of Al
Computer Science and Engineering at Kyonggi University. His
research interests include cyber-physical systems and internet of

things.



