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An Adaptive Strategy for Transmission Range Optimization in
Cluster-based Wireless Sensor Networks with Mobile Sink
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Abstract

This study proposes a dynamic transmission range optimization technique to improve energy efficiency and extend
the network lifetime in wireless sensor networks. Based on the existing DHDP strategy, the proposed method preserves
clustering and path optimization while integrating a real-time algorithm that calculates the optimal transmission radius
according to node count and density. The algorithm evaluates multiple candidate transmission ranges by analyzing
cluster quality, data collection path length, total energy consumption, and network lifetime, and selects the transmission
radius that minimizes a composite objective function. Simulation results demonstrate that the proposed strategy can
either prolong the network lifetime or reduce the data collection path of a mobile sink compared to the previous
approach. Furthermore, the proposed strategy offers flexibility to apply various operational strategies, such as
energy-saving, lifetime-prioritized, or path-optimized modes, depending on the specific goals of the network.
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Algorithm 1: Determine R,
Input: Node set V, Ryange, M, A2, Ag, threshold
Output: R, Clusters, CHs, Path, Metrics

1 5% ¢ o0;

2 for R € R4y do

3 | C ¢« R.HAC Clustering(V, R);

4 | if ASW(C) < threshold then

5 L continue

CH « SelectAgents(C);

II + ACO_Path(CH);

(Eav, Tty Lpatn) ¢ Evaluate(C, CH, TT);
S(R) + Eq. (5);

10 | if S(R) < S* then

11 S* = S(R);

12 L Rop = R;
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Fig. 1. Algorithm to determine the optimal transmission
distance of sensor nodes
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Table 1. Parameter values for numerical analysis

Parameters Symbol Value
Network size 300 m X 300 m
Number of sensor nodes N 20 - 400
Initial energy per node E 10 J
Data packet size R 4000 bits
Energy consump. constant | £.;.. 50 nJ/oit
Free-space energy constant | €, 10 pJ/oit/m2
Max of energy for one round | £« 40 mJ
Max of gather path Lax 1200 m
Max of lifetime Twax | 5000 rounds
Number of runs 20
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Table 2. Weight values for different optimization aims

Optimization aim AL A A
Lifetime prioritized 02| 01| 07
Energy-saving prioritized 06 | 03] 0.1
Gathering path prioritized 03| 06| 0.1
Balanced 13 | 13| 13
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