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Abstract
The Wireless Sensor Network needs to become a dynamic and adaptive network to conserve energy stored in the wireless
sensor network node battery. This dynamic and adaptive network sometimes are called SON (Self Organizing Network).
Several SON concepts have been developed such as routing, clustering, intrusion detection, and other. Although several
SON concepts already exist, however, there is no concept for SON in dynamic radio configuration. Therefore, the authors’
contribution to this field would be proposing a dynamic and adaptive Wireless Sensor Network node radio configuration. The
significance of their work lies in the modelling of the SON network that builds based on our measurement in the real-world
jungle environment. The authors propose input parameters such as SNR, the distance between the transmitter and receiver,
and frequency as the static parameter. For adaptive parameters, we propose bandwidth, spreading factor, and its most
important parameter such as power for data transmission. Using the Levenberg Marquardt Artificial Neural Network (LM-
ANN) self-organise Network model, power reduction and optimisation from 20 dBm to 14.9 dBm for SNR 3, to 11.5 dBm for
SNR 6, and to 12.9 dBm for SNR 9 all within a 100-m range can be achieved. With this result, the authors conclude that we
can use LM-ANN for the wireless sensor network SON model in the jungle environment. © 2023 The Authors. IET Wireless
Sensor Systems published by John Wiley & Sons Ltd on behalf of The Institution of Engineering and Technology.

Author Keywords
intelligent control;  radiowave propagation;  RSSI;  self-adjusting systems;  wireless sensor network

Index Keywords
Backpropagation, Intrusion detection, Neural networks, Radio transmission; Adaptive networks, Dynamic
network, Levenberg-Marquardt Artificial Neural Networks, Network models, Radio configurations, Radiowaves
propagation, RSSI, Self-adjusting systems, Self-organising, Sensor network nodes; Sensor nodes

References
(2014) ITU-T. Applications of Wireless Sensor Networks in Next Generation Networks.
Series T.2000: Next Generation Networks, pp. 1-94. 
p

Latupapua, H.
Wireless sensor network design for earthquake's and landslide's early warnings
(2018) Indones. J. Electr. Eng. Comput. Sci., 11 (2). 

Triani, A.B.
Optimization of X-ray parameter monitor wireless system based on internet of
things
(2021) IOP Conf. Ser. Mater. Sci. Eng., 

Sohail, M.
Game theoretic solution for power management in iot-based wireless sensor
networks
(2019) Sensors, 19 (18), pp. 1-20. 



3/8/23, 12:24 PM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1612556355&eid=2-s2.0-85148886461&sort=&clickedL… 2/6

Azmi, N.
Interference issues and mitigation method in WSN 2.4GHz ISM band: a survey
(2011) 2014 2nd International Conference on Electronic Design ICED 2014, 

Yun, Y., Xia, Y.
Maximizing the lifetime of wireless sensor networks with mobile sink in delay-
tolerant applications
(2010) IEEE Trans. Mobile Comput., 9 (9), pp. 1308-1318. 

Akbas, A.
Joint optimization of transmission power level and packet size for WSN lifetime
maximization
(2016) IEEE Sensor. J., 16 (12), pp. 5084-5094. 

Uthra, R.A., Raja, S.V.K.
QoS routing in wireless sensor networks-A survey
(2012) ACM Comput. Surv., 45 (1), pp. 1-12. 

Kumar, J., Rishiwal, V., Ansari, M.I.
Quality of Service in wireless sensor networks: imperatives and challenges
(2019) Int. J. Sensor. Wireless Commun. Control, 9 (4), pp. 419-431. 

Yildiz, H.U., Kurt, S., Tavli, B.
2014 Military Communications and Information Systems Conference, pp. 1114-1119. 

Wahab, A.
Energy efficiency and loss of transmission data on Wireless Sensor Network with
obstacle
(2017) Proceeding 2016 10th Int Conf Telecommun Syst Serv Appl TSSA 2016 Spec Issue
Radar Technol, 

Tang, W.
Measurement and analysis of near-ground propagation models under different
terrains for wireless sensor networks
(2019) Sensors, 19 (8). 

Celaya-Echarri, M.
Radio wave propagation and wsn deployment in complex utility tunnel
environments
(2020) Sensors, 20 (23). 

Olasupo, T.O.
Path loss models for low-power, low-data rate sensor nodes for smart car parking
systems
(2018) IEEE Trans. Intell. Transport. Syst., 

Khairunnniza-Bejo, S., Ramli, N.H., Muharam, F.M.
Wireless sensor network (WSN) applications in plantation canopy areas: a review
(2018) Asian J. Sci. Res., 11 (2), pp. 151-161. 

Elsayed, W.
Self-maintenance model for wireless sensor networks
(2018) Comput. Electr. Eng., 

Cui, S.
A new energy-aware wireless sensor network evolution model based on complex
network
(2018) EURASIP J. Wirel. Commun. Netw., 

Chincoli, M., Liotta, A.
Self-learning power control in wireless sensor networks



3/8/23, 12:24 PM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1612556355&eid=2-s2.0-85148886461&sort=&clickedL… 3/6

(2018) Sensors, 18 (2). 

Jorguseski, L.
Self-organizing networks in 3GPP: standardization and future trends
(2014) IEEE Commun. Mag., 52 (12), pp. 28-34. 

Fourati, H.
Comprehensive survey on self-organizing cellular network approaches applied to
5G networks
(2021) Comput. Networks, 

Yu, Q.
Research on the cellular automata self-organization algorithm for wireless sensor
network
(2019) Dianzi Keji Daxue Xuebao/J. Univ. Electron Sci. Technol. China, 

Mohapatra, H., Rath, A.K.
Survey on fault tolerance-based clustering evolution in WSN
(2020) IET Networks, 

Twayej, W., Khan, M., Al-Raweshidy, H.S.
Network performance evaluation of M2M with self organizing cluster head to sink
mapping
(2017) IEEE Sensor. J., 

Kfoury, E.
A self organizing map intrusion detection system for RPL protocol attacks
(2018) Int. J. Interdiscip. Telecommun. Netw. (IJITN), 

Baraneetharan, E.
Role of machine learning algorithms intrusion detection in WSNs: a survey
(2020) J. Inf. Technol. Digit World, 2 (3), pp. 161-173. 

Catini, A.
Development of a sensor node for remote monitoring of plants
(2019) Sensors, 19 (22). 

Visconti, P.
Development of sensors-based agri-food traceability system remotely managed by
a software platform for optimized farm management
(2020) Sensors, 20 (13). 

Suroso, D.J., Arifin, M., Cherntanomwong, P.
Distance-based indoor localization using empirical path loss model and RSSI in
wireless sensor networks
(2020) J. Robot Control, 1 (6), pp. 199-207. 

Waghmare, P.
Survey on: home automation systems
(2018) International Conference on Communication and Electronics System, ICEI 2017, 

Hasan, M.K.
A novel resource oriented DMA framework for internet of medical things devices in
5G network
(2022) IEEE Trans. Ind. Inf., 18 (12), pp. 8895-8904. 

Lavric, A., Popa, V.
Internet of things and LoRa<sup>TM</sup> low-power wide-area networks: a survey
(2017) ISSCS 2017 - International Symposium on Signals, Circuits and Systems, 

Turmudzi, M., Rakhmatsyah, A., Wardana, A.A.
Analysis of spreading factor variations on LoRa in rural areas



3/8/23, 12:24 PM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1612556355&eid=2-s2.0-85148886461&sort=&clickedL… 4/6

(2019) Proceeding - 2019 International Conference on ICT for Smart Society: Innovation
and Transformation Toward Smart Region ICISS 2019, 

Sendra, S.
LoRaWAN network for fire monitoring in rural environments
(2020) Electron, 9 (3). 

Turcinovic, F.
Analysis of LoRa parameters in real-world communication
(2020) Proceedings Elmar - International Symposium Electronics in Marine, 

Elshabrawy, T., Robert, J.
Analysis of BER and coverage performance of LoRa modulation under same
spreading factor interference
(2018) IEEE International Symposium on Personal, Indoor and Mobile Radio
Communications, 
PIMRC

Elshabrawy, T., Robert, J.
Closed-Form approximation of LoRa modulation BER performance
(2018) IEEE Commun. Lett., 22 (9), pp. 1778-1781. 

Dias, C.F., Lima, E., Fraidenraich, G.
Bit error rate closed-form expressions for LoRa systems under nakagami and rice
fading channels
(2019) Sensors, 19 (20). 

Adi, P.D.P., Kitagawa, A.
Performance evaluation of E32 long range radio frequency 915 MHz based on
internet of things and micro sensors data
(2019) Int. J. Adv. Comput. Sci. Appl., 10 (11). 

Zhang, J.
WSN monitoring system for greenhouse environmental parameters and CC2530
transmission characteristics
(2013) Nongye Gongcheng Xuebao/Transactions Chinese Soc Agric Eng., 

García, L.
Deployment strategies of soil monitoring wsn for precision agriculture irrigation
scheduling in rural areas
(2021) Sensors, 21 (5). 

Sun, X., Wu, H., Zhu, H.
Design and realization of organic viticulture monitoring system based on WSN
(2012) Advanced Materials Research, 

Jabeur, C.B., Seddik, H.
Optimized neural networks-PID controller with wind rejection strategy for a quad-
rotor
(2022) J Robot Control, 3 (1), pp. 62-72. 

Rahmaniar, W., Hernawan, A.
Real-time human detection using deep learning on embedded platforms: a review
(2021) J Robot Control, 2 (6), pp. 462-468. 

Oyewola, D.O.
Predicting impact of COVID-19 on crude oil price image with directed acyclic graph
deep convolutional neural network
(2021) J Robot Control, 2 (2), pp. 103-109. 



3/8/23, 12:24 PM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1612556355&eid=2-s2.0-85148886461&sort=&clickedL… 5/6

Dzulfikri, Z., Nuryanti, S.T., Erdani, Y.
Design and implementation of artificial neural networks to predict wind directions
on controlling yaw of wind turbine prototype
(2020) J Robot Control, 1 (1), pp. 20-26. 

Sinha, S.
Performance assessment of deep learning procedures: sequential and ResNet on
malaria dataset
(2021) J. Robot Control, 2 (1), pp. 12-18. 

Mohamed, Z.E.
Using the artificial neural networks for prediction and validating solar radiation
(2019) J. Egypt Math Soc., 27 (1). 

Yu, H., Wilamowski, B.M.
Levenberg-marquardt training
(2011) Intelligent Systems [Internet], 
1st ed, Taylor & Francis Group, CRC Press

Othman, M.M., Harun, M.H.H., Musirin, I.
Short term load forecasting using artificial neural network with feature extraction
method and stationary output
(2012) 2012 IEEE International Power Engineering and Optimization Conference, PEOCO
2012 - Conference Proceedings, 

Erickson, B.J.
Machine learning for medical imaging
(2017) Radiographics, 37 (2), pp. 505-515. 

Mammadli, S.
Financial time series prediction using artificial neural network based on Levenberg-
Marquardt algorithm
(2017) Procedia Comput. Sci., 

Hagan, M.T., Menhaj, M.B.
Training feedforward networks with the Marquardt algorithm
(1994) IEEE Trans. Neural Networks, 

Ranganathan, A.
The levenberg-marquardt algorithm
(2004) Tutoral LM algorithm, 11 (1), pp. 101-110. 

Roweis, S.
(1996) Levenberg-Marquardt Optimization. Notes, 
Univ Toronto

Holland, G., Vaidya, N., Bahl, P.
A rate-adaptive MAC protocol for multi-hop wireless networks
(2001) Proceedings of the annual International Conference on Mobile Computing and
Networking, MOBICOM, 

Lee, Y.D., Jeong, D.U., Lee, H.J.
Performance analysis of wireless link quality in wireless sensor networks
(2010) 5th International Conference on Convergence and Hybrid Information Technology
ICCIT 2010, 

Qiao, D., Choi, S.
Goodput enhancement of IEEE 802.11a wireless LAN via link adaptation
(2001) IEEE Int. Conf. Commun., 



3/8/23, 12:24 PM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1612556355&eid=2-s2.0-85148886461&sort=&clickedL… 6/6

(2019) Peraturan Menteri Komunikasi Dan Informatika Republik Indonesia Nomor 1 Tahun
2019 Tentang Penggunaan Spektrum Frekuensi Radio Berdasarkan Izin Kelas, 

Singh, A., Tyagi, A., Gupta, S.H.
Capacity evaluation and analysis of long range for IoT
(2021) Lect. Notes Networks Syst., 

Dolha, S.
Considerations about the signal level measurement in wireless sensor networks for
node position estimation
(2019) Sensors, 19 (19). 

Friis, H.T.
A note on a simple transmission formula
(1946) Proc. IRE, 34 (5), pp. 254-256. 

Chrysikos, T., Kotsopoulos, S., Babulak, E.
A Generic method for the reliable calculation of large-scale fading in an obstacle-
dense propagation environment
(2013) Integrated Models for Information Communication Systems and Networks: Design
and Development, 

Joseph, A., Bong, D.B.L., Mat, D.A.A.
Application of neural network in user authentication for smart home system
(2009) Int. J. Comput. Syst. Sci. Eng., 

Correspondence Address
Hadi Habaebi M.; Department of Electrical and Computer Engineering, Selangor, Malaysia; email: habaebi@iium.edu.my

Publisher: John Wiley and Sons Inc

ISSN: 20436386
Language of Original Document: English
Abbreviated Source Title: IET Wirel. Sens. Syst.
2-s2.0-85148886461
Document Type: Article
Publication Stage: Article in Press
Source: Scopus

Copyright © 2023 Elsevier B.V. All rights reserved. Scopus® is a registered
trademark of Elsevier B.V.


