IV. CONCLUSION

In this work, we proposed a hybrid itinerary planning
model for WSN in BSHM. Our model integrates the benefits
of utilizing a genetic algorithm for static route planning and
making dynamic adjustments to ensure network functionality,
even in the case of node failures during data transmission. This
hybrid strategy guarantees the collection of data that is strong
and dependable by overcoming the shortcomings of classic
static approaches that are susceptible to interruptions when
nodes become inaccessible. Furthermore, our model integrates
a peak detection technique to selectively process incoming
vibration data produced by the bridge. Ensuring the
cleanliness and accuracy of the data processed by the FFT is a
vital step that leads to more trustworthy analysis and
monitoring findings. By using peak detection, the sensor
network can effectively filter out noise and irrelevant data,
thereby improving the quality and reliability of the provided
structural health information. The experimental results
showed that the hybrid itinerary planning model, although it
takes slightly longer to process than the static method, greatly
enhances the network's capacity to recover quickly and
maintain consistent performance. The hybrid architecture
effectively sustained data transmission and processing despite
node failures, demonstrating its resilience in real-world
circumstances where node failures resulting from physical
damage or energy depletion are frequent. The decision to
balance processing time and network robustness is supported
by the improved performance and dependability of the WSN
in BSHM applications.

REFERENCES

[1] X. Insausti, M. Zarraga-Rodriguez, C. Nolasco-Ferencikova, and J.
Gutiérrez-Gutiérrez, “In-Network Algorithm for Passive Sensors in
Structural Health Monitoring,” IEEE Signal Process. Lett., vol. 30, pp.
952-956, 2023, doi: 10.1109/LSP.2023.3298279.

[2] F. Di Nuzzo, D. Brunelli, T. Polonelli, and L. Benini, “Structural
Health Monitoring System With Narrowband loT and MEMS
Sensors,” IEEE Sens. J., vol. 21, no. 14, pp. 16371-16380, Jul. 2021,
doi: 10.1109/JSEN.2021.3075093.

[3] Y.Pan,L.Zhang, X. Wu, K. Zhang, and M. J. Skibniewski, “Structural
health monitoring and assessment using wavelet packet energy
spectrum,” Saf. Sci., vol. 120, pp. 652-665, Dec. 2019, doi:
10.1016/j.ss¢i.2019.08.015.

[4] Z.Deng, M. Huang, N. Wan, and J. Zhang, “The Current Development
of Structural Health Monitoring for Bridges: A Review,” Buildings,
vol. 13, no. 6, p. 1360, May 2023, doi: 10.3390/buildings13061360.

[5] X. Wang, W. Wu, Y. Du, J. Cao, Q. Chen, and Y. Xia, “Wireless [oT
Monitoring System in Hong Kong-Zhuhai-Macao Bridge and Edge
Computing for Anomaly Detection,” IEEE Internet Things J., vol. 11,
no. 3, pp. 4763-4774, Feb. 2024, doi: 10.1109/J10T.2023.3300073.

[6] D.S.Kumar, S. Saravana Sundaram, S. Prakash, and S. Selvaperumal,
“Effective Aggregate Data Collection and Enhanced Network Lifetime
Using Energy Efficient Aggregation Data Convening Routing in
Wireless Sensor Network,” Wirel. Pers. Commun., vol. 131, no. 1, pp.
89-103, Jul. 2023, doi: 10.1007/s11277-023-10419-y.

[7] S. Chaudhary, U. Kumar, and S. Gambhir, “Energy-Efficient and
Secured Mobile Agent Itinerary Approach in Wireless Sensor
Network,” in Innovations in Electrical and Electronic Engineering,
vol. 661, M. N. Favorskaya, S. Mekhilef, R. K. Pandey, and N. Singh,
Eds., in Lecture Notes in Electrical Engineering, vol. 661. , Singapore:
Springer Singapore, 2021, pp. 693-711. doi: 10.1007/978-981-15-
4692-1_53.

[8] S. A.Putra, B. R. Trilaksono, M. Riyansyah, D. S. Laila, A. Harsoyo,
and A. I Kistijantoro, “Intelligent Sensing in Multiagent-Based
Wireless Sensor Network for Bridge Condition Monitoring System,”
IEEE Internet Things J., vol. 6, no. 3, pp. 5397-5410, Jun. 2019, doi:
10.1109/J10T.2019.2901796.

[9] W. Wang, H. Huang, Q. Li, F. He, and C. Sha, “Generalized Intrusion
Detection Mechanism for Empowered Intruders in Wireless Sensor
Networks,” IEEE Access, vol. 8, pp. 25170-25183, 2020, doi:
10.1109/ACCESS.2020.2970973.

[10] M. Sidorov, P. V. Nhut, Y. Matsumoto, and R. Ohmura, “LoRa-Based
Precision Wireless Structural Health Monitoring System for Bolted
Joints in a Smart City Environment,” IEEE Access, vol. 7, pp. 179235—
179251, 2019, doi: 10.1109/ACCESS.2019.2958835.

[11] A. Bohloulzadeh and M. Rajaei, “A Survey on Congestion Control
Protocols in Wireless Sensor Networks,” Int. J. Wirel. Inf. Netw., vol.
27, no. 3, pp. 365-384, Sep. 2020, doi: 10.1007/s10776-020-00479-3.

[12] K. Guravaiah, A. Kavitha, and R. Leela Velusamy, “Data Collection
Protocols in Wireless Sensor Networks,” in Wireless Sensor Networks
- Design, Deployment and Applications, S. S. Yellampalli, Ed.,
IntechOpen, 2021. doi: 10.5772/intechopen.93659.

[13] M. N. Khan et al., “Improving Energy Efficiency With Content-Based
Adaptive and Dynamic Scheduling in Wireless Sensor Networks,”
IEEE  Access, vol. 8, pp. 176495-176520, 2020, doi:
10.1109/ACCESS.2020.3026939.

[14] A.R.Al-Alietal., “An IoT-Based Road Bridge Health Monitoring and
Warning System,” Sensors, vol. 24, no. 2, p. 469, Jan. 2024, doi:
10.3390/524020469.

[15] A. Moallemi, A. Burrello, D. Brunelli, and L. Benini, “Exploring
Scalable, Distributed Real-Time Anomaly Detection for Bridge Health
Monitoring,” IEEE Internet Things J., vol. 9, no. 18, pp. 17660-17674,
Sep. 2022, doi: 10.1109/J10T.2022.3157532.

[16] E. M. Tronci, S. Nagabuko, H. Hieda, and M. Q. Feng, “Long-Range
Low-Power Multi-Hop Wireless Sensor Network for Monitoring the
Vibration Response of Long-Span Bridges,” Sensors, vol. 22, no. 10,
p. 3916, May 2022, doi: 10.3390/s22103916.

[17] M. Z. Sarwar, M. R. Saleem, J.-W. Park, D.-S. Moon, and D. J. Kim,
“Multimetric Event-Driven System for Long-Term Wireless Sensor
Operation for SHM Applications,” IEEE Sens. J., vol. 20, no. 10, pp.
5350-5359, May 2020, doi: 10.1109/JSEN.2020.2970710.

[18] Y.Liu, T. Voigt, N. Wirstrom, and J. Hoglund, “EcoVibe: On-Demand
Sensing for Railway Bridge Structural Health Monitoring,” IEEE
Internet Things J., vol. 6, no. 1, pp. 1068-1078, Feb. 2019, doi:
10.1109/J10T.2018.2867086.

[19] F. F. Jurado-Lasso, K. Clarke, A. N. Cadavid, and A. Nirmalathas,
“Energy-Aware Routing for Software-Defined Multihop Wireless
Sensor Networks,” IEEE Sens. J., vol. 21, no. 8, pp. 10174-10182, Apr.
2021, doi: 10.1109/JSEN.2021.3059789.

[20] I Lahmar, A. Zaier, M. Yahia, J. Lloret, and R. Bouallegue, “Optimal
data transmission for decentralized loT and WSN based on Type-2
Fuzzy Harris Hawks Optimization,” Internet Things, vol. 25, p.
101028, Apr. 2024, doi: 10.1016/j.i0t.2023.101028.

[21] E. Hidalgo Fort et al., “Wireless and Low-Power System for
Synchronous and Real-Time Structural-Damage Assessment,” IEEE
Sens. J., vol. 23, no. 12, pp. 13648-13658, Jun. 2023, doi:
10.1109/JSEN.2023.3270961.

[22] K. S. Rajeshwari and K. A. S. Devi, “Fault Tolerance and Energy
Efficient Multi-Hop Clustering with Dual Base Stations in Large Scale
Wireless Sensor Network,” SN Comput. Sci., vol. 4, no. 3, p. 309, Apr.
2023, doi: 10.1007/s42979-023-01745-w.

[23] N. Hrovatin, A. Tosi¢, and J. Vi¢i¢, “In-Network Convolution in Grid
Shaped Sensor Networks,” J. Web Eng., Nov. 2021, doi:
10.13052/jwe1540-9589.2114.

[24] R. Maivizhi and P. Yogesh, “Q-learning based routing for in-network
aggregation in wireless sensor networks,” Wirel. Netw., vol. 27, no. 3,
pp. 2231-2250, Apr. 2021, doi: 10.1007/s11276-021-02564-8.

[25] S. A. Putra, B. R. Trilaksono, M. Riyansyah, and D. S. Laila,
“Multiagent Architecture for Bridge Capacity Measurement System
Using Wireless Sensor Network and Weight in Motion,” IEEE Trans.
Instrum. Meas., vol. 70, pp. 1-14, 2021, doi:
10.1109/TIM.2020.3031126.

[26] P. Di Lorenzo, S. Barbarossa, and S. Sardellitti, “Distributed Signal
Processing and Optimization Based on In-Network Subspace
Projections,” IEEE Trans. Signal Process., vol. 68, pp. 2061-2076,
2020, doi: 10.1109/TSP.2020.2981204.

[27] S. Manikandan and M. Chinnadurai, “Effective Energy Adaptive and
Consumption in Wireless Sensor Network Using Distributed Source
Coding and Sampling Techniques,” Wirel. Pers. Commun., vol. 118,
no. 2, pp. 1393-1404, May 2021, doi: 10.1007/s11277-021-08081-3.

[28] K. S, K. M, K. N, and K. S, “A multi-Mobile Agent and optimal
itinerary planning-based data aggregation in Wireless Sensor
Networks,” Comput. Commun., vol. 184, pp. 24-35, Feb. 2022, doi:
https://doi.org/10.1016/j.comcom.2021.11.019.

[29] M. El Fissaoui, A. Beni-hssane, S. Ouhmad, and K. El Makkaoui, “A
Survey on Mobile Agent Itinerary Planning for Information Fusion in
Wireless Sensor Networks,” Arch. Comput. Methods Eng., vol. 28, no.
3, pp. 1323-1334, May 2021, doi: 10.1007/s11831-020-09417-1.



[30] T. Alsboui, Y. Qin, R. Hill, and H. Al-Agrabi, “An energy efficient [31] T. Alsboui et al., “A Dynamic Multi-Mobile Agent Itinerary Planning
multi-mobile agent itinerary planning approach in wireless sensor Approach in Wireless Sensor Networks via Intuitionistic Fuzzy Set,”

networks,” Computing, vol. 103, no. 9, pp. 2093-2113, Sep. 2021, doi: Sensors, vol. 22, no. 20, p. 8037, Oct. 2022, doi: 10.3390/s22208037.
10.1007/s00607-021-00978-y.



