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Abstract

Wireless Sensor Networks (WSNSs) have witnessed massive development but still face
significant challenges, primarily energy limitations and network lifetime. To address
these issues, clustering and optimal Cluster Head selection are highly effective solutions.
This thesis proposes the use of an advanced metaheuristic algorithm, the Fixed Set Search
(FSS), as an alternative to probabilistic (LEACH) or purely geometric (K-Means)
methods. The proposed algorithm relies on a multi-objective fitness function that balances
throughput, compactness, connectivity, and residual energy. Simulation results conducted
in Python over 30 random network topologies demonstrated the clear superiority of FSS.
It significantly prolonged the network stability period and maximized data throughput
compared to benchmark algorithms, proving its efficiency in optimizing WSN
performance.

Key words: Wireless Sensor Networks; Clustering; Cluster Head; Fixed Set Search;
Energy Consumption
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: K-MeansJ zmo ll dyail!
de dexai (@ly « Pythonaal, 4,:SU run_kmeans_wsn als JWl zepdl calazall zisgy
S 5 1s ASY1 aBUal 3 udadl jLas ! of csludl (e 2l Lol yas Al daall et sklearn aase

tagdiall ey (oSl sgdic

from sklearn.cluster import KMeans

import numpy as np

def run_kmeans_wsn(net, round_idx):

alive = net.alive_mask

alive_idx = np.where(alive)[0]

k = int(round(0.05 * len(alive_idx)))

kmeans = KMeans(n_clusters=k, random_state=round_idx)

labels = kmeans.fit_predict(net.positions[alive_idx])

ch_set = set()

for ciin range(k):
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cluster_nodes = alive_idx[np.where(labels == ¢)[0]]

best_in_cluster = int(cluster_nodes[np.argmax(net.residual_energy[cluster_nodes])])

ch_set.add(best_in_cluster)

return np.array(sorted(ch_set), dtype=int)
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def construct(self, start_set=None, kmax=0):

H=1]

while np.any(uncovered) and len(H) < kmax:
cand_idx = np.where(alive & ~is_ch)[0]
h = self.p.alphal * energy[cand_idx] + self.p.alpha2 * distance[cand_idx]
thr = np.max(h) - self.p.gamma * (np.max(h) - np.min(h))
u = int(self.rng.choice(cand_idx[h >= thr]))
H.append(u)
uncovered[self.net.within_rc[u]] = False

return np.array(H, dtype=int)

Jalodl § aaall 51,85 Glu 2y JWll 36S0 ony ¢ (Fixed Set)alill de gazel! 7 | il &l o (o

s lall ¥l 9 Lata) 3auLadl dgusedll

def build_fixed_set(self, elite):
counts = np.zeros(self.net.n_nodes, dtype=Ffloat)
for key in elite:
counts[np.array(key, dtype=int)] += 1.0

freq = counts / float(len(elite))

energy_ratio = self.net.residual_energy / self.net.initial_energy
fixed_mask = (freq >= self.p.tau) & (energy_ratio >= self.p.theta)

return np.where(fixed_mask & self.net.alive_mask)[0].astype(int)
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Ot e I A 1 dpaiad! Al Wl cabazall asds : (Main Loop)  dews i duaiad! 8395 (7

L sl 7 s Al Ac gzl alusialy lgdall ol

def run(self):
for _in range(self.p.max_iterl):
ch = self.local_search(self.construct(kmax=30))

self.update_elite(elite, ch, self.eval_fitness(ch))

if self.p.use_phase2 and elite:

fixed = self.build_fixed_set(elite)

for _in range(self.p.max_iter2):
ch = self.local_search(self.construct(start_set=fixed, kmax=30))
best_ch = ch if self.eval_fitness(ch) < best_f else best_ch

return best_ch
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