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Abstract

Energy consumption and network lifetime optimization represent critical challenges in
Wireless Sensor Networks (WSNs), primarily due to the constrained resources and non-
replaceable batteries of sensor nodes. This work aims to propose an efficient and high-
performance mechanism for Cluster Head (CH) and active node selection to reduce energy
consumption within the network by adapting nature-inspired metaheuristic optimization
algorithms. In this thesis, we propose a tailored and developed variant of the Binary
Simplified Particle Swarm Optimization (BSPSO) algorithm to address the Cluster Head
selection problem. The core idea relies on minimizing the computational complexity of the
standard PSO by eliminating redundant parameters (such as the inertia weight and random
coefficients) and integrating the Sigmoid function to seamlessly transition into a binary
search space representing node states. Simulation and performance evaluation results
demonstrate that the proposed simplified approach significantly optimizes Cluster Head
selection, decreases computational overhead, and effectively extends the wireless sensor
network's operational lifetime compared to conventional methods.

Keywords: Wireless Sensor Networks (WSNSs), Energy Consumption, Cluster Head
Selection, Particle Swarm Optimization (PSO).
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Algorithm 1 Initial Swarm Generation

Input: N: Total number of nodes
k: Required number of Cluster Heads
E[N]: Remaining energy array for each node
E_threshold: Minimum energy to become a CH
pop_size: Number of particles
D[N][N]: Distance matrix between nodes
Output: Swarm: Initial swarm of particles

membership[N]: Cluster assignment for each node
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1

N

8
9

for p €& 1 to pop_size do
X< [0,0, ..., 0] {binary vector of length N}
candidates < {i | E[i] > E_threshold}
H < randomly select k nodes from candidates
for eachi € Hdo

X[i] < 1
foreachj & Hdo

membership[j] € argmin D[j][h], Vh € H

Swarm.append(X)

10 return Swarm, membership

N
E

i gmoss Jlie

=6 «k=2 «E_threshold=0.2

=[0.8,0.9,0.7, 0.6, 0.85, 0.75]

nln2 n3 n4 n5n6
candidates = {nl, n2, n3, n4, n5, n6} «— 0.2 358 K&

H
X

=1{n2,n5} < Jlsds jlas!
=[0,1,0,0,1,0]

nln2n3 n4 n5n6
membership:
nl — n2 (3! CH)

n3 — n2 (3! CH)
n4 — n5 (o,31 CH)
n6 — n5 (o,31 CH)

(Fitness Evaluation)a8L| 0334.6.4
S @asdhe sk uled ] Auleall sia Cir Leaga i) Rapenr IS ABLAN &1 B e ¢ L9901 el iy day
AW > AL ewd ) Adoe 1030319019 28 Ludlg 48U > (o0 CHs U au395

éi Ll k gobun Lepusd! § CHs Il sue Of oo @azill @iy ol ‘zgi Jib o) doeso (e Gzl — Jo¥l Al L

ot AL eud Jaado 98 (st Loy adl s ey ¥ >

il o LS 5Ll ] s, )] aiadl 28Ws a1l T Lasogio sl € &8I lene ool — &led) Al L

Jeadl el Jlly siunl Cp daid ol « ST A8 cllies duas )l
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A5V ALl S oy L) CH 39 Tilals i Byole Suie JS :aladl adall oletil uyaoes — AL &L
A bl § Lalaseiad daglall s (5als

dall o LS Ll CH 819 2uale Bude IS o 8Ll baigio cowmd :0p 8Ll jlins olus — 2yl I &L

ol Cp 2asd <ol cdws ) Lanaald oy 31 4sladl

I ons Gilgs AST 253! 08 LS Clusters J1 alzesl § el coumd s € 0319301 slenn ol — dalind) &>y
aall ) 5381 € 2ayd <€ (Clusters

W3 w2 oW ¥l sl Buslg cdaa Al § WM plall pazed :&sld) AL ol — dwaluadl A L
Lapiias Jl aplssd! ad @1 2l el a S

Algorithm 2 Fitness Evaluation

Input : X[N] : Binary vector of the particle
E[N]: Remaining energy array
E_init: Initial energy of each node
D[N][N]: Distance matrix between nodes
w4, W2, Ws: Objective function weights
Output: F: Fitness value (to be minimized)

membership[N]: Cluster assignment for each node

=

H< {i | X[i] =1}

N

if [H| #k then

w

return F & +oo {invalid solution}

I

Step 1: Compute C_E

wu

CE<O

)]

foreachh € Hdo

7 C_E& C_E+(1-E[h]/E_init)

8 CE<CE/k

9 Step 2: Assign normal nodes to nearest CH
10 foreachj&Hdo

11  membership[j] ¢ argmin D[j][h]¢« Vh €H

12 Step 3: Compute C_D
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13
14
15
16
17
18
19
20
21
22
23
24
25

26

H=

E=

CD<«O
for eachj & Hdo

C_D ¢« C_D + D[jl[membership[jl]
C D& CD/|IN\H|
Step 4: Compute cluster sizes
for eachh € Hdo

size[h] €& | {j | membershipl[j] = h} |
Step 5: Compute C_L
i € mean(size[h])c Vh € H
o & std(size[h])c Vh €H
Cl<«o/u

Step 6: Compute final fitness
F&wixC E+w,xC D+wsxC_L

return F, membership

{n2, n5} « k=2 <E_init=1.0

[0.8,0.9,0.7, 0.6, 0.85, 0.75]

C_E = ((1-0.9) + (1-0.85)) / 2

=(0.1+0.15)/2=0.125

membership:
nl—n2 «n3—n2 «n4—ns5 «n6—ns

C_D =(D[n1] [n2] + D[n3] [n2] + D[n4] [n5] + D[n6] [n5]) / 4

size = {N2:2 <n5:2} «— O))sie )5

CL=0/2=0« ey

F=w:ix0.125 + W2><C_D + wsx0

31
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CHI! At | wdall 5lislg adgd! Couxs5.6.4

e Aauall PSO ¥islas 389 logunell sda adlge Eidmd o Aaiylgdedl LSS oo 51,85 IS (3 Al &l L (2
(o LS daline Jol ey yo3 Gyt dlacy Lizmsyts Jolxdl B39 (ucs

ol Ales 3Sat olda (as j Bude IS0 dlaull deyull Gl poas gl salauid] de pud | colus- Jo¥1 als L
(gBest) slo> pdga Jiadlo(pBest)saall orased adge Juadly Jldl 8ol s Gyall e 2o

@ Lol Jlgo il (0 yiad &1 (Sigmoid Function) wgesad! &1s s lei | ) de pud | s gomi-aslid! al L
S LAl e Lea ([0,1] JLell @ spvamma Jlazs| ) Lbogaet) Aoyl 2agd e alos I8!

a3 Buaall 28l 813 Bude S A8 e md Ul datay ALl oda G il Al Aoy ol AL A )L
Al Ao Lelhely Lolal o dudd uaaseill A8l )3 waadl Wl gl Jlais¥l Loy L3 2mys cpad ¢ oY
Lo golud

agall oSl suae k el Hlusdy il 2y coes Lo aiall (55 :CHSs S sudie k Juadl jlas | — dagl 1 als Ll
CHs 3 e agd byl Lasls poss Lo LS s & Bus I

L @Bl gateis elol Lasls Laglal olal il daguz)! (i day :gBest g pBest Cousei — Al dl L
£1a¥ uj«-‘&? |.J! LA.(FA JSQ:\.'LEQ u_')‘u.u Lf-l.c:- :;‘.Ji ML}

Algorithm 3 Particle Position Update

Input : X[N] : Current position of particle
pBest[N]: Personal best position
gBest[N]: Global best position of swarm
E[N]: Remaining energy array
E_threshold: Minimum energy threshold
D[N][N]: Distance matrix between nodes
k: Required number of Cluster Heads

Output: X[N]: Updated position of particle

membership[N]: Updated cluster assignment

1 Step 1: Compute velocity and score for each node
2 foreachj< 1toNdo

3 V[j] € (pBest(j] - X[j]) + (gBest[j] - X[j])

4 S(V[]) €« 1/(1+eM=VID)
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5 if E[j] > E_threshold then

6 score[j] < S(VI[j])

7 else

8 score[j] ¢ 0 {node excluded}

9 Step 2: Select top k nodes as Cluster Heads
10 H < top k nodes with highest score

11 Step 3: Build new binary vector

12 foreachj< 1toNdo

13 ifj € Hthen

14 X[j] < 1
15 else
16 X[jl] €< 0

17 Step 4: Update cluster membership
18 foreachj&Hdo
19 membership[j] ¢ argmin D[j][h]c« Vh €H

20 return X, membership

:&Hbjﬂ‘ JLiA

X=[0,1,0,0,1,0]
pBest = [0, 1,0, 0, 1, 0]
gBest=[1,0,0,0, 1, 0]

Glaa V sage S

V[n1] = (0-0) + (1-0) = 1 — S(1) = 0.73
V[n2] = (1-1) + (0-1) = -1 — S(-1) = 0.27
V[n3] = (0-0) + (0-0) = 0 — S(0) = 0.50
V[n4] = (0-0) + (0-0) = 0 — S(0) = 0.50
V[n5] = (1-1) + (1-1) = 0 — S(0) = 0.50
V[n6] = (0-0) + (0-0) = 0 — S(0) = 0.50

score = [0.73, 0.27, 0.50, 0.50, 0.50, 0.50]
el k=233c: H = {n1, n3} 5/ {n1, n4}...

X new=11,0,1,0,0,0]
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membership:

n2 — nl (< 8)
n4 — n3 (< 8)
n5 — n3 (i)
n6 — nl («_8)

AelSI1 Zolall eyl 42)16.6.4
2o L) Al PSO Zaaiylyied JolS1 aladl JSd) qadis (M1 (580 et e Auaslaed] U o (0 B pe S Jusmii ny
AN J> LA 389 duedlssdl pd Ayl adadl sy

23 Algorithm 2. plaseinly cypud! (8358 S @2adg « Algorithm 1alaszuly Jﬁ” ]| _xj}.} @l — Jo¥l als L
.L}fz'l LB gy Ao JSI pBest (adg « gBestS 493 d> Jundi

&) et olad o ¢ Algorithm 3al el Aasur S adgn &l S5 U 38 eyl Ailoed) — 2l AL

DSl sl s ol LS e (vad¥l asell Jguo gl (G Bkl yotud olo¥) o hxi 13)gBest g pBest oo S

< gBest > Juadl e Ly 4Ll Clusters 31 b «dewas Il Zalo) Ll day: 4@l Clusters J1 ¢ by — 2l a1
Ll CH 2,88 Lalals 2ole Buse JS uaiss

a&aL) Clusters Jlg aaall ¢Loss! Sloglas ae CHs L asigs Jiadl as sl g5l C")% glogdl — aal Jlals> L

Algorithm 4 Simplified PSO for CH Selection

Input:
N: Total number of nodes
k: Required number of Cluster Heads
pop_size: Number of particles
Maxlteration: Maximum number of iterations
E[N]: Remaining energy array
E_init: Initial energy of each node
E_threshold: Minimum energy threshold
D[N][N]: Distance matrix between nodes
w4, W2, Ws: Objective function weights
Output:
gBest[N]: Best CH selection found

membership[N]: Final cluster assignment
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Clusters: Final formed clusters

1 Step 1: Initialization
2 Swarm, membership <& Algorithm1(N, k, pop_size,
E, E_threshold, D)
3 Step 2: Initial evaluation
4 for each particleido
5  Fl[i], membership[i] ¢ Algorithm2(Swarml[i],
E, E_init, D, wy, wa, W3)
6 pBest[i] ¢ Swarmli]
7 gBest & particle with minimum F
8 bestF & min(F)
9 nolmproveCount < 0
10 Step 3: Main loop
11 fort ¢ 1 to Maxlteration do
12  for each particle i do
13 Swarml[i], membershipli] ¢ Algorithm3(Swarm[i], pBest[i], gBest, E,
E_threshold, D, k)
14 F[i], membership[i] ¢ Algorithm2(Swarm[i], E, E_init, D, ws, Wy, Ws)
15 if F[i] < F(pBest[i]) then
16 pBest[i] < Swarmli]

17 if F[i] < bestF then

18 gBest < Swarm(i]
19 bestF & Fli]
20 nolmproveCount < 0

21  nolmproveCount €< nolmproveCount + 1
22  if noimproveCount 2 20 then
23 break {early stopping}

24 Step 4: Build final clusters
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25 H & {i | gBest[i] = 1}

26 foreachj&Hdo

27  membership[j] €& argmin D[j][h]<« Vh € H
28 foreachh € Hdo

29  Clusters[h] ¢ {j | membership[j] = h}

30 return gBest, membership, Clusters

t 295 Jlie
gBest=[1,0, 1, 0,0, 0]
H={n1, n3}
Clusters:
Cluster 1: nl1 (CH) « {n2, n6}
Cluster 2: n3 (CH) «— {n4, n5}
membership:
n2 — nl
n4 — n3
n5 — n3
n6 — nl
4l 7.4

Sl § Tty Il ) las ) A Jxd 23U PSO Lpajyles (oo Alawll ) Jo loposas 2,2y Jiadll 1a
3ls5 Cm ez 1 lall A0 Coa Ao Ae Lo 9 394a ) dpizes o Lisilsy 2L A ey Lyt 2SO laddu)
Ys409 WSN,JI &y § Lasgu 9 2uaeliall PSO t5lia Lisylo o CHs, S &zl 48Ul 9 aaall o 28Ludl 5 Clusters J)
Joldl Bogm cluedl e lesdl wdadll Qs @ dsdall beadll fmsliel s )
oo Lol s e Lizma s Apailaiel] didis wiien > «ualied] Jumsll dle (g g @Il (olud] quasmtll 13la pay
oe 9 iall o 28Ul Pgaol 03155 s § Laallad cpe 3zl el ce Bl g« Baaie Aunyaes Slagslius SO

aseadl
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