
International Journal of Engineering & Extended Technologies Research (IJEETR) 

                            |ISSN: 2322-0163| www.ijeetr.com | A Bimonthly, Peer Reviewed, Scholarly Indexed Journal | 

| Volume 8, Issue 2, March - April 2026 | 

DOI:10.15662/IJEETR.2026.0802395 

IJEETR©2026                                                        |     An ISO 9001:2008 Certified Journal   |                                                  3891 

 

Secure and Energy-Efficient Data Collection 

in Wireless Sensor Networks using Trust-

Aware Clustering and Intelligent Mobile Sinks 

 

V Suthi
1
, Dr.M.Sheik Dawood

2
 

Sethu institute of Technology, Madurai, Tamil Nadu, India 

 

Publication History: Received: 25.02.2026; Revised: 20.03.2026; Accepted: 25.03. 2026; Published: 28.03.2026. 

 

ABSTRACT: Energy consumption is one of the major factors affecting network lifetime in Wireless Sensor Networks 

(WSNs) and remains a critical research challenge. In existing systems, data collection is typically performed using a 

single mobile sink, which leads to increased energy depletion, routing inefficiencies, and reduced network lifetime. To 

address these issues, this work proposes a multi-mobile sink–based data collection framework combined with energy-

aware and secure clustering mechanisms. In the proposed system, the sensor network is divided into clusters using the 

K-Means clustering algorithm, where each cluster contains a single Cluster Head (CH). The CH selection process is 

dynamic in nature and is enhanced using a secure Energy-LEACH++ protocol. Initially, CHs are selected randomly, 

while in subsequent rounds, CH selection is performed based on a composite fitness function that considers both 

residual energy and trust value of sensor nodes. The trust value is computed using lightweight parameters such as 

packet forwarding success, data consistency, and energy honesty, ensuring secure and reliable CH selection with 

minimal overhead. Communication between Cluster Members (CMs) and CHs follows a single-hop transmission model 

to reduce energy consumption. To efficiently address the problem of optimal data collection paths and avoid redundant 

routing, a Weighted Rendezvous Planning (WRP) strategy is employed.  

 

KEYWORDS: Trust-aware clustering, wireless sensor networks, mobile sinks, energy efficiency, secure data 

collection, routing optimization, anomaly detection 

 

I. INTRODUCTION 

 

Wireless Sensor Networks (WSNs) consist of a large number of sensor nodes deployed over a sensing field along with 

mobile or static sink nodes, all equipped with power-constrained transceivers for data communication These sensor 

nodes are typically deployed randomly and are responsible for sensing environmental parameters and transmitting the 

collected data to a Base Station (BS) or sink for further processing. WSNs are widely used in applications such as 

environmental monitoring, civil infrastructure monitoring, healthcare, military surveillance, and industrial automation. 

The network lifetime of a WSN is highly dependent on the energy consumption of sensor nodes. Since sensor nodes are 

usually battery-powered and deployed in unattended or harsh environments, recharging or replacing batteries is often 

impractical. Energy consumption in WSNs primarily occurs due to sensing operations and data communication, 

particularly during data transmission to the BS. 

 

To improve scalability and energy efficiency, cluster-based network architectures are widely adopted instead of flat 

topologies . In clustering approaches, sensor nodes are grouped into clusters, where each cluster is managed by a 

Cluster Head (CH). The CH collects data from its Cluster Members (CMs), performs data aggregation, and forwards 

the aggregated data to the BS. However, traditional clustering schemes that rely solely on energy-based CH selection 

are vulnerable to unreliable or compromised nodes, which may negatively affect data integrity and network 

performance.  

 

II. SINGLE-HOP AND MULTI-HOP COMMUNICATION IN WSNS 

 

Data transmission in WSNs can be performed using either single-hop or multi-hop communication model.In single-hop 

transmission as given in fig 1, CMs transmit sensed data directly to the CH, which reduces intra-cluster energy 

consumption when node density is high.  
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Fig. 1 Single-hop and Multi-hop routing in WSN 

 

The main contributions of this paper are summarized as follows: 

 

 The network is clustered using the K-Means algorithm, with a single dynamically selected CH per cluster to reduce 

intra-cluster energy consumption through single-hop communication. 

 A secure Energy-LEACH++ protocol is proposed for CH selection by jointly considering residual energy and trust 

value, improving reliability and robustness. 

 A multi-mobile sink architecture combined with Weighted Rendezvous Planning is employed to optimize data 

collection paths and reduce communication overhead. 

 A reinforcement learning-based routing mechanism at the mobile sink level dynamically optimizes sink trajectories, 

enhancing network lifetime and energy efficiency. 

 

2.1 MULTIPLE MOBILE SINK ROUTING IN WSN FOR ENERGY CONSERVATION 

To overcome the disadvantages of the existing system, Multiple Mobile Sink is considered for gathering the data’s from 

the Cluster Head and transmit it to the Base Station. Single Cluster Head is generated for each Cluster in random manner 

by using K-Means algorithm and the Cluster Member transmit the data’s to the Cluster Head in Single-Hop fashion 

 

2.2 CLUSTER FORMATION 

In this module, to achieve high energy efficiency sensor nodes that are present in the network are grouped into Clusters. 

The main idea of clustering concept is to reduce the occurrence of network traffic from sensor node to sink and 

improve the energy consumption. Here the sensor nodes are located in the region in static manner. For Cluster 

Formation, K-Means Clustering Algorithm is considered.  

 

III. K-MEANS ALGORITHM 

 

The main aim of K-Means clustering algorithm partition  observations into k clusters and each  observation belongs to 

the cluster with the nearest mean value. This algorithm has a close relationship with the K-Nearest Neighbor classifier 

which is a popular machine learning technique. Through a certain number of Clusters it is easy to classify the given 

data set. The idea of K-Means is to define k centers for each cluster.  

https://en.wikipedia.org/wiki/Partition_of_a_set
https://en.wikipedia.org/wiki/Mean
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Fig.2 K-means flowchart 

 

 

3.1 CLUSTER HEAD SELECTION 

The CH is selected as dynamic in nature. Initially all the nodes will contain equal amount of energy. Thus the Cluster 

Head is identified in the network in random manner and in further rounds the nodes with highest residual energy is 

selected as the current CH. The Cluster Head selection is done by using Energy-LEACH algorithm. 

 

3.2 E-LEACH ALGORITHM 

E-LEACH is the enhancement of LEACH Protocol. Energy-LEACH protocol improves the cluster head selection 

procedure and the flowchart of E-LEACH is represented in Fig 3. The random selection of the Cluster Head is a major 

problem in LEACH protocol. Thus the highest energy node is considered. This protocol provides longer lifetime and 

save energy when compared with the LEACH protocol.  
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Fig.3 Energy LEACH Algorithm Flowchart 

 

The Residual Energy of the node is calculated as, 

 

 
 

Where Econ = Energy Consumed in each round, 

ETotal= Total energy of the node, 

K=Desired Percentage of the Cluster Heads for each round, 

 N= Total number of nodes in the network,  

 R=Current Round Number, 

G= Set of nodes that have been Cluster Head’s in the Last Rounds 

 

IV. MOBILE SINK NODE 

 

In the proposed system, multiple mobile sink nodes are employed to efficiently collect aggregated data from the Cluster 

Heads (CHs) and forward it to the Base Station (BS). These mobile sinks are assumed to be resource-rich nodes 

equipped with higher energy capacity, sufficient memory buffers, and powerful transceivers when compared to ordinary 

sensor nodes.  

 

4.1 SPEED OF THE MOBILE SINK 

The speed of the mobile sink plays a crucial role in determining packet delivery performance, energy efficiency, and 

overall network reliability. In regions with high sink mobility, excessive sink speed can lead to insufficient contact time 

between the sink and CHs, resulting in packet loss and incomplete data transfer. Conversely, very low sink speeds may 

increase data collection latency and buffer overflow at CHs, negatively impacting network performance.  
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4.2 MODELING OF MOBILE SINK SPEED VS. PACKET LOSS 

Let the mobile sink move with a constant speed 𝑣(m/s) within the sensing field. When the sink enters the 

communication range 𝑅of a Cluster Head (CH), the contact time 𝑇𝑐between the sink and the CH can be approximated 

as: 

𝑇𝑐 =
2𝑅

𝑣
 

 

Let: 

 𝐷be the amount of data (bits) to be transmitted from CH to sink 

 𝑟be the transmission rate (bps) 

 

The required transmission time 𝑇𝑡is: 

𝑇𝑡 =
𝐷

𝑟
 

 

For successful data transfer, the contact time must satisfy: 

 

𝑇𝑐 ≥ 𝑇𝑡  
 

If the sink speed increases, the contact time decreases, leading to incomplete data transfer and packet loss. Packet loss 

probability 𝑃𝑙𝑜𝑠𝑠can be modeled as: 

 

𝑃𝑙𝑜𝑠𝑠 = {

0, if 𝑇𝑐 ≥ 𝑇𝑡

1 −
𝑇𝑐
𝑇𝑡
, if 𝑇𝑐 < 𝑇𝑡

 

 

Substituting 𝑇𝑐: 

𝑃𝑙𝑜𝑠𝑠 = 1 −
2𝑅𝑟

𝑣𝐷
 

 

From this equation, it is evident that packet loss probability increases linearly with sink speed. Therefore, maintaining a 

controlled sink speed is essential to ensure reliable communication. In this work, the sink speed is fixed at an optimal 

value (10 m/s) to balance contact duration and data collection latency. 

 

4.3 INTEGRATION WITH WRP + RL-BASED ROUTING 

The  proposed system integrates Weighted Rendezvous Planning (WRP) with a reinforcement learning-based sink 

routing mechanism to achieve adaptive and energy-efficient data collection. WRP assigns weights to Cluster Heads 

based on hop distance, residual energy, and cluster density, prioritizing CHs that can be reached with minimal 

communication cost.  

Higher-weighted CHs are selected as rendezvous points for mobile sinks, reducing redundant traversal and energy 

consumption.  

 

The reward function is defined to favor reduced energy consumption, minimized packet loss, and increased successful 

data collection: 

 

 

𝑅𝑒𝑤𝑎𝑟𝑑 = 𝛼 × 𝐸𝑠𝑎𝑣𝑒𝑑 + 𝛽 × 𝑃𝐷𝑅 − 𝛾 × 𝑃𝑙𝑜𝑠𝑠  
 

where 𝐸𝑠𝑎𝑣𝑒𝑑represents energy savings, 𝑃𝐷𝑅is the packet delivery ratio, and 𝑃𝑙𝑜𝑠𝑠is the packet loss probability.  

 

V. TER HEAD BASED PRIORITY TRAVERSE (CHBPT) 

 

Cluster Head Based Priority Traverse (CHBPT) is a technique initiates with the Primary Data Count (PDC) of the 

cluster heads present in the network. The Cluster Head maintains Primary Data Count and they are initialized to be 

zero. Whenever the Cluster Head encounters data entry, then the PDC value is incremented. After the Cluster Head 

gathers the data, a message contains Primary Data Count (PDC) value, Cluster Head position and Cluster Head 

identifier is sent to the Static Base Station. The Base Station maintains a prioritization table. The Cluster Heads are 
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prioritized according to their current Primary Data Count value. Cluster Head with highest PDC value is assigned with 

highest priority followed by next highest PDC value.  

 

5.1 SCHEDULING THE MOBILE SINK NODE 

Scheduling the mobile sink is the process of planning how the mobile sink nodes operate. Weighted Rendezvous 

Planning (WRP), a heuristic method used to finds a near-optimal travelling path for the mobile sink, such that it 

minimizes the energy consumption of sensor nodes. WRP assigns a weight to Cluster Head (CH) based on the hop 

distance.  

 

VI. RESULTS 

 

6.1 PERFORMANCE EVALUATION 

The performance evaluation demonstrates that the proposed system with dynamic Cluster Head selection and multiple 

mobile sinks significantly outperforms the existing approach employing dual constant Cluster Heads and a single 

mobile sink. Network delay, which reflects the time required for data packets to traverse from sensor nodes to the base 

station, is considerably reduced in the proposed scheme due to shorter communication paths, parallel data collection, 

and adaptive sink mobility. In addition, dynamic Cluster Head selection ensures that nodes with sufficient residual 

energy and favorable network conditions are selected, preventing early energy depletion and congestion. 

 

 
 

Fig. 4 Comparison of Delay 

 

Fig 4 represents the comparison of delay for Dual Constant Cluster Head, single Mobile Sink (Existing System) and 

Dynamic Cluster Head selection, multiple Mobile Sinks (Proposed System). The delay of the network specifies how 

long it takes for a bit of data packet to travel across the network from one node to another. Time in seconds is plotted 

along x-axis and Delay in milliseconds is plotted along y-axis. By the usage of multiple Mobile Sinks and Dynamic 

Cluster Head selection, the delay gets decreased when compared with the existing system.  

 

 
 

Fig. 5 Comparison of Energy Efficiency 
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Fig 5 represents the comparison of energy efficiency for Dual Constant Cluster Head, single Mobile Sink (Existing 

System) and Dynamic Cluster Head selection, multiple Mobile Sinks (Proposed System). Energy is calculated by 

subtracting residual energy from initial energy. Time in seconds is plotted along x-axis and energy efficiency in joules 

is plotted along y-axis. By the usage of multiple Mobile Sinks and Dynamic Cluster Head selection, the energy 

efficiency gets increased when compared with the existing system. 

 

 
 

Fig. 6 Network Lifetime 

 

Fig. 6 illustrates the comparison of network lifetime between the existing system and the proposed approach. Network 

lifetime is evaluated based on the number of alive sensor nodes over simulation rounds 

 

 
Fig. 7 Packet Delivery Ratio (PDR) 

 

Fig. 7 shows the comparison of Packet Delivery Ratio (PDR) for both systems. The proposed system achieves a higher 

PDR due to reduced packet loss resulting from controlled mobile sink speed, single-hop CH-to-sink communication, 

and avoidance of redundant routing. In contrast, the existing system suffers from increased packet loss due to longer 

waiting times and congestion caused by a single mobile sink. 

 

 
 

Fig. 8 Throughput 
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Fig. 8 presents the throughput comparison between the existing and proposed systems. Throughput represents the 

successful rate of data delivery to the Base Station. The proposed system achieves higher throughput due to parallel 

data collection by multiple mobile sinks and reduced retransmissions 

 

 
 

Fig. 9 Residual Energy Comparison 

 

Fig. 9 illustrates the residual energy comparison of sensor nodes over simulation rounds. The proposed approach 

maintains higher residual energy due to energy-aware Cluster Head selection and reduced long-distance transmissions. 

The combination of multiple mobile sinks and WRP-based routing distributes communication load evenly across the 

network, thereby minimizing rapid energy depletion observed in the existing system. 

 

VII.CONCLUSION 

 

This paper presented a secure and energy-efficient data collection framework for Wireless Sensor Networks using trust-

aware clustering and intelligent mobile sink routing. By integrating the proposed Energy-LEACH++ protocol, Cluster 

Head selection was enhanced through a combined evaluation of residual energy and node trust, ensuring reliable and 

secure cluster formation with minimal overhead. The use of K-Means clustering and single-hop intra-cluster 

communication further reduced energy consumption among sensor nodes. To overcome limitations associated with 

static routing and shortest-path selection, a multi-mobile sink architecture with Weighted Rendezvous Planning was 

employed. Additionally, a reinforcement learning-based sink routing mechanism executed at the sink level enabled 

adaptive and energy-aware path optimization without imposing computational burden on resource-constrained sensor 

nodes. Simulation results demonstrated that the proposed approach significantly improves network lifetime, reduces 

overall energy consumption, and enhances reliability when compared to conventional single-sink and energy-only 

clustering schemes. The results confirm the effectiveness of combining security, intelligence, and mobility for 

sustainable WSN operation. 

 

Future research can extend this work by incorporating lightweight encryption and authentication mechanisms to further 

enhance data confidentiality and integrity. The integration of energy harvesting techniques, such as solar or vibration-

based harvesting, can be explored to achieve sustainable and self-powered WSN deployments. Advanced multi-

objective optimization techniques may be applied to jointly optimize energy consumption, delay, and packet delivery 

ratio. Furthermore, the proposed framework can be validated in real-world testbeds and extended to heterogeneous 

WSN environments with varying node capabilities and mobility patterns. 

 

REFERENCES 

 

1. Gedik B., Liu L. and Yu P. S, ‘ASAP: An adaptive sampling approach to data collection in sensor networks’, IEEE 

Trans. Parallel Distrib.Syst., vol. 18, no. 12, pp. 1766–1783,2007. 

2. Karenos K. and Kalogeraki V, ‘Traffic Management in Sensor Networks with a Mobile Sink’, IEEE Trans. Parallel 

and Distributed Systems, vol. 21, no. 10, pp. 1515-1530, 2010. 

3. Konstantopoulos C., Pantziou G., Gavalas D., Mpitziopoulos A. and Mamalis B, ‘A rendezvous-based approach 

enabling energy-efficient sensory data collection with mobile sinks’, IEEE Trans. Parallel Distrib.Syst., vol. 23, no. 

5, pp. 809–817,2012. 

 



International Journal of Engineering & Extended Technologies Research (IJEETR) 

                            |ISSN: 2322-0163| www.ijeetr.com | A Bimonthly, Peer Reviewed, Scholarly Indexed Journal | 

| Volume 8, Issue 2, March - April 2026 | 

DOI:10.15662/IJEETR.2026.0802395 

IJEETR©2026                                                        |     An ISO 9001:2008 Certified Journal   |                                                  3899 

 

4. Lee E., Park S., Yu F. and Kim S.-H, ‘Data gathering mechanism with local sink in geographic routing for wireless 

sensor networks’, IEEE Trans. Consum.Electron., vol. 56, no. 3, pp. 1433–1441,2010. 

5. Liu C., Wu K. and Pei J, ‘An energy-efficient data collection framework for wireless sensor networks by exploiting 

spatiotemporal correlation’, IEEE Trans. Parallel Distrib.Syst., vol. 18, no. 7, pp. 1010–1023,2007. 

6. Ma M. and Yang Y, ‘SenCar: An energy-efficient data gathering mechanism for large-scale multihop sensor 

networks’, IEEE Trans. Parallel Distrib.Syst., vol. 18, no. 10, pp. 1476–1488,2007. 

7. Ma M., Yang Y. and Zhao M, ‘Tour planning for mobile data gathering mechanisms in wireless sensor *networks’, 

IEEE Trans. Veh. Technol., vol. 62, no. 4, pp. 1472–1483,2013. 

8. Tang S., Yuan J., Li X., Liu Y., Chen G., Gu M., Zhao J. and Dai G, ‘DAWN: Energy efficient data aggregation in 

WSN with mobile sinks’, in Proc. IWQoS, pp. 1–9,2010. 

9. Tang X. and Xu J, ‘Adaptive data collection strategies for lifetime-constrained wireless sensor networks’, IEEE 

Trans. Parallel Distrib. Syst., vol. 19, no. 6, pp. 721–7314,2008. 

10. Wu Y., Mao Z., Fahmy S. and Shroff N, ‘Constructing maximum-lifetime data-gathering forests in sensor 

networks’, IEEE/ACM Trans. Netw., vol. 18, no. 5, pp. 1571–1584,2010. 

11. Xu K., Hassanein H., Takahara G. and Wang Q, ‘Relay node deployment strategies in heterogeneous wireless 

sensor networks’, IEEE Trans. Mobile Comput., vol. 9, no. 2, pp. 145–159,2010. 

12. Yun Y. and Xia Y, ‘Maximizing the Lifetime of Wireless Sensor Networks with Mobile Sink in Delay-Tolerant 

Applications’, IEEE Trans. Mobile Computing, vol. 9, no. 9, pp. 1308-1318,2010. 

13. C.Nagarajan and M.Madheswaran - ‘Stability Analysis of Series Parallel Resonant Converter with Fuzzy Logic 

Controller Using State Space Techniques’- Taylor &Francis, Electric Power Components and Systems, Vol.39 (8), 

pp.780-793, May 2011. DOI: 10.1080/15325008.2010.541746 

14. C.Nagarajan and M.Madheswaran - ‘Experimental verification and stability state space analysis of CLL-T Series 

Parallel Resonant Converter’ - Journal of Electrical Engineering, Vol.63 (6), pp.365-372, Dec.2012. DOI: 

10.2478/v10187-012-0054-2 

15. C.Nagarajan and M.Madheswaran - ‘Performance Analysis of LCL-T Resonant Converter with Fuzzy/PID Using 

State Space Analysis’- Springer, Electrical Engineering, Vol.93 (3), pp.167-178, September 2011. DOI 

10.1007/s00202-011-0203-9 

16. S.Tamilselvi,  R.Prakash, C.Nagarajan,“Solar System Integrated Smart Grid Utilizing Hybrid Coot-Genetic 

Algorithm Optimized ANN Controller” Iranian Journal Of Science And Technology-Transactions Of Electrical 

Engineering, DOI10.1007/s40998-025-00917-z,2025 

17. S.Tamilselvi,  R.Prakash, C.Nagarajan,“ Adaptive sliding mode control of multilevel grid-connected inverters 

using reinforcement learning for enhanced LVRT performance” Electric Power Systems Research 253 (2026) 

112428, doi.org/10.1016/j.epsr.2025.112428 

18. S.Thirunavukkarasu, C. Nagarajan, 2024, “Performance Investigation on OCF and SCF study in BLDC machine 

using FTANN Controller," Journal of Electrical Engineering And Technology, Volume 20, pages 2675–2688, 

(2025), doi.org/10.1007/s42835-024-02126-w 

19. C. Nagarajan, M.Madheswaran and D.Ramasubramanian- ‘Development of DSP based Robust Control Method for 

General Resonant Converter Topologies using Transfer Function Model’- Acta Electrotechnica et Informatica 

Journal , Vol.13 (2), pp.18-31,April-June.2013, DOI: 10.2478/aeei-2013-0025.  

20. C.Nagarajan and M.Madheswaran - ‘DSP Based Fuzzy Controller for Series Parallel Resonant converter’- 

Springer, Frontiers of Electrical and Electronic Engineering, Vol. 7(4), pp. 438-446, Dec.12. DOI 10.1007/s11460-

012-0212-0. 

21. C.Nagarajan and M.Madheswaran - ‘Experimental Study and steady state stability analysis of CLL-T Series 

Parallel Resonant Converter with Fuzzy controller using State Space Analysis’- Iranian Journal of Electrical & 

Electronic Engineering, Vol.8 (3), pp.259-267, September 2012.  

22. C.Nagarajan and M.Madheswaran, “Analysis and Simulation of LCL Series Resonant Full Bridge Converter Using 

PWM Technique with Load Independent Operation” has been presented in ICTES’08, a IEEE / IET International 

Conference organized by M.G.R.University, Chennai.Vol.no.1, pp.190-195, Dec.2007 

23. Suganthi Mullainathan, Ramesh Natarajan, “An SPSS and CNN modelling based quality assessment using ceramic 

materials and membrane filtration techniques”, Revista Materia  (Rio J.) Vol. 30, 2025, DOI: 

https://doi.org/10.1590/1517-7076-RMAT-2024-0721 

24. M Suganthi, N Ramesh, “Treatment of water using natural zeolite as membrane filter”, Journal of Environmental 

Protection and Ecology, Volume 23, Issue 2, pp: 520-530,2022 

25. Gopinathan, V. R. (2024). Real-Time Fault-Tolerant Multi-Cloud Database Architectures for High Availability 

Applications. International Journal of Future Innovative Science and Technology (IJFIST), 7(4), 13148. 



International Journal of Engineering & Extended Technologies Research (IJEETR) 

                            |ISSN: 2322-0163| www.ijeetr.com | A Bimonthly, Peer Reviewed, Scholarly Indexed Journal | 

| Volume 8, Issue 2, March - April 2026 | 

DOI:10.15662/IJEETR.2026.0802395 

IJEETR©2026                                                        |     An ISO 9001:2008 Certified Journal   |                                                  3900 

 

26. Chandra, S., Rengarajan, A., Sahoo, G. S., & Sharma, S. (2023, December). Identifying Neuronal Damage and 

Plasticity by Analyzing Changes in Diffusion Tensor Imaging. In International Conference on Data Science, 

Machine Learning and Applications (pp. 433-438). Singapore: Springer Nature Singapore. 

27. Sugumar, R. (2025). Federated AI in Offline-First Mobile Health Architectures for Privacy-Preserving Clinical 

Intelligence. International Journal of Science, Research and Technology, 8(4), 14589-14600. 

28. Murugeshwari, B., Rajalakshmi, S., & Sudharson, K. (2023). Hybrid Approach for Privacy Enhancement in Data 

Mining Using Arbitrariness and Perturbation. Computer Systems Science & Engineering, 44(3). 

29. Pandey, V. K., Mishra, S., Rengarajan, A., Savita, & Roomi, M. M. (2024, March). Enhancing Weather 

Forecasting with Machine Learning Techniques. In International Conference on Renewable Power (pp. 147-156). 

Singapore: Springer Nature Singapore. 

30. Soundappan, S. J. (2025). Next Generation AI Enabled Holistic Cognitive Platform for Secure Cloud Network 

Intelligence Enterprise Systems and Digital Trust Optimization. International Journal of Computer Technology and 

Electronics Communication, 8(5), 11534-11542. 

31. Mathew, A. (2022). Leveraging Big Data Analytics to Power AI and ML (Machine Learning) Automation. 

Educational Research (IJMCER), 4(5), 131-134. 

32. Sugumar, R. (2024). AI-Augmented Quality Engineering for Performance Optimization and Test Orchestration in 

Distributed Systems. International Journal of Science, Research and Technology, 7(5), 12835-12846. 

33. Akila, R. (2024). A deep reinforcement learning approach for optimizing inventory management in the agri-food 

supply chain. J. Electrical Systems, 20(4s), 2238-2247. 

34. Mahendran, M., Anbazhagan, K., Pavithran, G., Nivas, A., & Pandey, S. D. (2022). Earthquake Damage Prediction 

using Machine Learning. Grenze International Journal of Engineering & Technology (GIJET), 8(1). 

35. Gopinathan, V. R. (2025). Enterprise AI Frameworks for Financial Data Engineering Behavioural Analytics and 

Intelligent Cloud Solutions. International Journal of Research Publications in Engineering, Technology and 

Management (IJRPETM), 8(4), 12499-12506. 

36. Kondalsamy, P., & Kaliappan, K. (2025). An Optimal Prediction of Leaf Disease Based on Hybrid Deep Learnings 

and Metaheuristic Technique. Traitement du Signal, 42(1), 363. 

37. Deivendran, P., Babu, P. S., Malathi, G., Anbazhagan, K., & Kumar, R. S. (2023). Emotion Recognition for 

Challenged People Facial Appearance in Social using Neural Network. arXiv preprint arXiv:2305.06842. 

38. Sugumar, R. (2025). Unified AI Framework for Predictive Data Engineering and Real Time Prescription and 

Billing Systems. International Journal of Advanced Engineering Science and Information Technology (IJAESIT), 

8(5), 17261. 

39. Vekariya, V., Kumar, S., & Rengarajan, A. (2024). A distinctive and smart agricultural knowledge-based 

framework using ontology. In Sustainability in Digital Transformation Era: Driving Innovative & Growth (pp. 

207-213). CRC Press. 

40. Gopinathan, V. R. (2025). Software engineering practices for AI-driven systems: From development to 

deployment (MLOps perspective). International Journal of Science, Research and Technology, 8(1), 13493-13500. 

41. Mathew, A. R. (2022). Threats and protection on E-sim: a prospective study. Novel Perspectives of Engineering 

Research, 8, 76-81. 

42. Naveena, S., & Kavitha, K. (2025). Gossypium herbaceum: Folium disease identification and classification using 

Efficient Net-Coordinate Convolutional Neural Network (EcoNet). Engineering Applications of Artificial 

Intelligence, 152, 110701. 

43. Rengarajan, A., Mishra, A., Kulhar, K. S., Shrivastava, V. P., & Alawneh, Y. J. J. (2024, March). Role of Deep 

Reinforcement Learning in Mitigating Cyber Security Issues: A Review. In International Conference on 

Renewable Power (pp. 37-48). Singapore: Springer Nature Singapore. 

44. Achari, A. P. S. K., & Sugumar, R. (2024, November). Performance analysis and determination of accuracy using 

machine learning techniques for naive bayes and random forest. In AIP Conference Proceedings (Vol. 3193, No. 1, 

p. 020199). AIP Publishing LLC. 

45. Mathew, A., & Alex, H. (2022). Detect & protect-medical device cybersecurity. Curr. Overview Sci. Technol. Res, 

1, 60-68. 

46. Sammy, F., Chettier, T., Boyina, V., Shingne, H., Saluja, K., Mali, M., ... & Shobana, A. (2025). Deep Learning-

Driven Visual Analytics Framework for Next-Generation Environmental Monitoring. Journal of Applied Science 

and Technology Trends, 114-122. 

47. Anbazhagan, K. (2024). Trustworthy and Adaptive AI Systems for Enterprise Analytics Cybersecurity and 

Decision Optimization Using API-First and Cloud-Native Architectures. International Journal of Technology, 

Management and Humanities, 10(03), 65-74. 

48. Mathew, A. (2021). Deep reinforcement learning for cybersecurity applications. Int J Comput Sci Mob Compu, 

10(12), 32-38. 



International Journal of Engineering & Extended Technologies Research (IJEETR) 

                            |ISSN: 2322-0163| www.ijeetr.com | A Bimonthly, Peer Reviewed, Scholarly Indexed Journal | 

| Volume 8, Issue 2, March - April 2026 | 

DOI:10.15662/IJEETR.2026.0802395 

IJEETR©2026                                                        |     An ISO 9001:2008 Certified Journal   |                                                  3901 

 

49. Dhinakaran, D. (2022). Joe Prathap P. M, Selvaraj D, Arul Kumar D and Murugeshwari B," Mining Privacy-

Preserving Association Rules based on Parallel Processing in Cloud Computing,". International Journal of 

Engineering Trends and Technology, 70(3), 284-294. 

50. Karthika, K., Anusha, K., Kavitha, K., Harshadha, R., Dharshini, D. S., & Sundhar, N. A. (2025, April). Frequency 

Reconfigurable Antenna using Advanced Materials: A Study. In 2025 3rd International Conference on 

Advancements in Electrical, Electronics, Communication, Computing and Automation (ICAECA) (pp. 1-6). IEEE. 

51. Thavamani, C., & Rengarajan, A. (2024). Clustering related behaviour of users by the use of partitioning and 

parallel transaction reduction algorithm. International Journal of Advanced Intelligence Paradigms, 29(2-3), 122-

132. 

52. Sugumar, R. (2025). Unified AI Framework for Predictive Data Engineering and Real Time Prescription and 

Billing Systems. International Journal of Advanced Engineering Science and Information Technology (IJAESIT), 

8(5), 17261. 

53. Soundappan, S. J., & Sugumar, R. (2016). Optimal knowledge extraction technique based on hybridisation of 

improved artificial bee colony algorithm and cuckoo search algorithm. International Journal of Business 

Intelligence and Data Mining, 11(4), 338-356. 

54. SakthiPreetha, A., Kavitha, K., Karthika, K., & Manohari, R. G. (2025, April). A Novel Metasurface-Embedded 

Antenna for WBAN Communications. In 2025 3rd International Conference on Advancements in Electrical, 

Electronics, Communication, Computing and Automation (ICAECA) (pp. 1-4). IEEE. 

55. Murugeshwari, B., Selvaraj, D., Sudharson, K., & Radhika, S. (2023). Data Mining with Privacy Protection Using 

Precise Elliptical Curve Cryptography. Intelligent Automation & Soft Computing, 35(1). 

56. Gopinathan, V. R. (2025). Software engineering practices for AI-driven systems: From development to 

deployment (MLOps perspective). International Journal of Science, Research and Technology, 8(1), 13493-13500. 

57. Anbazhagan, K., Kumar, R., Thilagavathy, R., & Anuradha, D. (2024, March). Shortest Job First with Gateway-

based Resource Management Strategy for Fog Enabled Cloud Computing. In 2024 4th International Conference on 

Data Engineering and Communication Systems (ICDECS) (pp. 1-6). IEEE. 

58. Kannadhasan, S., Vasuki, S., Kavitha, K., Karthikeyan, P., & Usha, S. G. A. (Eds.). (2025, April). Preface: Role of 

Artificial Intelligence and IoT in Engineering, Technology & Science [ICRAETS 2024]. In AIP Conference 

Proceedings (Vol. 3258, No. 1, p. 010001). AIP Publishing LLC. 

59. Dhinakaran, D., Prathap, P. J., Selvaraj, D., Kumar, D. A., & Murugeshwari, B. (2022). Mining privacy-preserving 

association rules based on parallel processing in cloud computing. International Journal of Engineering Trends and 

Technology, 70(3), 284-294. 

 

 

 

 

 

 


