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ABSTRACT

The Internet of Things and the Fourth Industrial Revolution (IR 4.0) rely on Wireless Sensor Networks (WSNs) as their
underlying infrastructure. WSNs have recently attracted significant attention due to their crucial applications, such as
monitoring applications. Geographic routing algorithms are widely used in WSNs because event location is often more
critical than node identification. However, these algorithms still face challenges, such as workload imbalance and high
energy consumption. Energy consumption is particularly vital in WSNs due to the sensor nodes’ limited power resources.
This work proposed an enhanced geographic routing algorithm based on the Technique for Order of Preference by
Similarity to Ideal Solution (TOPSIS), a robust Multi-Criteria Decision-Making technique. The proposed TOPSIS-based
method simultaneously incorporates four critical criteria, thereby addressing the limitations of conventional shortest-
path approaches that depend solely on distance or residual energy. By integrating these carefully selected criteria,
the proposed approach significantly improves network lifetime and overall performance, providing a more balanced
and efficient routing strategy than previous methods. Simulation experiments were conducted to validate the proposed
routing algorithm’s performance compared to the EAEDR and FTR algorithms, which served as benchmarks. The results
show that the developed algorithm significantly improved over the baseline algorithms regarding packet error rate,
network lifetime, packet delivery ratio, and average energy consumption.

Keywords: Geographic routing, Internet of Things, Multi-criteria decision making, TOPSIS, Wireless sensor networks

Introduction ergy constraints.”!? Every sensor node can gather
data necessary for a particular application from the
surrounding environment. !! It may also act as a data
forwarder to guarantee that the data has been suc-
cessfully transmitted to its intended destination.'?
The autonomous and adaptable character of WSN

operations is highly sought after in several impor-

The rapid and exponential expansion of the In-
dustry Revolution 4.0 (IR4.0) and the notion of the
Internet of Things (IoT) serve as a crucial frame-
work for future industrial innovations. !~ WSNs are
the foundation of the IoT and smart cities. > WSNs

are often characterized as multi-hop network systems
consisting of a diverse range of intelligent sensor
nodes. °® Sensor nodes have characteristics dispersed

tant and time-sensitive application situations, such as
monitoring earthquakes, volcanic activity, and forest
fires. 1314

in an auto-organizing manner and are limited by en-
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Routing in WSNs is complicated due to their sig-
nificant differences from other network types, such
as wired or cellular networks. '° Geographic routing
is widely utilized in WSNs as a highly effective tech-
nique, particularly because it relies on the physical
location of events and nodes rather than maintaining
complex routing tables. Geographic algorithms have
many advantages, such as low end-to-end latency,
scalability, flexibility, and high delivery rates. How-
ever, geographic routing approaches still have many
open issues, such as significant overhead, void areas
problems, and an imbalanced workload, reducing the
network’s lifespan. '°

Sensor nodes are supplied by small and com-
pact batteries. Occasionally, it may be impossible to
replace or recharge such batteries. Thus, energy ef-
ficiency is a significant focus of WSN.'”-'° One of
the most serious issues with traditional geographic
routing algorithms and their modifications is that
they rely on a single factor, which is often distance,
throughout the routing process. Consequently, they
cannot effectively address various challenges, such as
high congestion and excessive energy consumption.
Even if two or multiple criteria are applied to the
routing process, the forwarding strategy is limited to
adhering to the rules set by these criteria.

Existing geographic routing algorithms have uti-
lized many factors, such as the distance to the
destination, the remaining energy of nodes, and
the link quality between neighboring nodes. Con-
sequently, Multi-Criteria Decision-Making (MCDM)
algorithms have been introduced to incorporate more
criteria for improving network longevity.?%?! Many
types of MCDM approaches have been proposed,
such as the Analytic Hierarchy Process (AHP), Elim-
ination and Choice Expressing Reality (ELECTRE),
and Weighted-Sum Models (WSMs).?%?2> WSMs are
creative solutions used widely in WSN routing, de-
termining the relative importance of each criterion. %*
In addition, they involve aggregating different crite-
ria to arrive at a single decision metric.?®> However,
these approaches suffer from many drawbacks, such
as selecting appropriate weights that must be subjec-
tive. Also, the WSMs methods might not identify all
optimal solutions. Moreover, they cannot adaptively
change their forwarding policy and respond to dif-
ferent network conditions. The limitations of existing
geographic routing algorithms motivate this work to
propose a new routing algorithm for WSNs. Opti-
mized Multi-Criteria Routing Algorithm (MCRA) uti-
lizes a multi-criteria decision-making method called
Technique for Order Preference by Similarity to
Ideal Solution (TOPSIS). This approach introduces
enhanced criteria to select the most suitable neigh-
bor for data forwarding toward the Base Station
(BS).
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The remainder of this article is structured as
follows. The next section reviews state-of-the-art re-
search and highlights the motivation for geographic
routing algorithms in WSNs. After that, a detailed
description of the proposed routing algorithm is pro-
vided, followed by the introduction of the enhanced
criteria for the enhanced TOPSIS method The subse-
quent section presents the network model adopted in
this study, together with a cost analysis of the pro-
posed algorithm. This is followed by a description of
the simulation setup and a comprehensive discussion
of the obtained results. Finally, the article concludes
with a summary of the main contributions and find-
ings.

Related works

Previous approaches have presented many solu-
tions to efficiently deal with the workload imbalance
and high energy consumption in geographic routing
algorithms in WSNs. The related works have been ex-
tensively analyzed to position the proposed algorithm
regarding these problems.

Gangal et al.?° proposed a hierarchical and dis-
tributed geographic routing approach that combines
the LEACH protocol with the AHP. Nodes maintain
a matrix of threshold values, calculated using AHP
based on energy and distance to the sink, to de-
termine their probability of becoming cluster heads
autonomously. However, this work depends on AHP,
which requires complex pairwise comparisons, which
makes it computationally expensive and not suitable
for real-time decision-making in WSNs. Moreover,
the work used only two criteria for routing decision-
making, which are the energy and the distance.
Considering only two criteria made the developed
algorithm unable to change its forwarding policy
adaptively, and it cannot respond to different network
conditions.

Pandey & Singh?’ introduced a new clustering
method that employs the TOPSIS algorithm to select
cluster heads. The authors claimed that the proposed
model balances the load and optimizes the energy
effectively using five parameters. The five criteria are
remaining energy, distance to the BS, density, average
distance of nodes within the range, and the standard
deviation of the distance of nodes within the range.
However, the entire work was based mainly on one
solo consideration of the distance, neglecting other
critical criteria such as reliability and hop count.
Moreover, increasing the number of criteria for the
presented TOPSIS will have a dramatic effect on the
time and the cost complexity for the proposed work.

Biswas & Samanta?® presented a novel geographic
routing algorithm for WSNs based on a multi-
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weighted sum method. The entitled algorithm, Fault-
Tolerant Routing (FTR), utilizes hop count to select
the most suitable node from neighbors to relay reports
toward the final destination. The proposed algorithm
incorporates several criteria, including residual en-
ergy, delivery ratio, and hop count. However, the
primary criterion is the minimum hop count, which
leads to constraints on the workload of specific nodes
rather than others.

Hang et al.?° presented an Energy Aware Event
Driven Routing (EAEDR) Protocol to enhance the
traditional geographic routing algorithms. In the pro-
posed algorithm, one or two of the best nodes are
chosen to forward packets based on the event type.
The next-hop selection criteria for the proposed rout-
ing algorithm are remaining energy, distance to sink,
and distance to source. However, considering the
high-priority event, the multipath presented signifi-
cant overhead in managing the routing table.

Sen et al.*° presented a Triangular Fuzzy Numbers
(TFNs) with the TOPSIS method to choose the CHs
in WSNs. The number of cluster heads is optimized
by considering six parameters: reliability, residual
energy, the number of neighbor nodes, the distance
from the sink (BS), the average distance of non-cluster
nodes, and the distance ratio. However, the work
segregated the entire network into only 14 clusters. In
addition, the included criteria focus basically on the
distance to the BS and neglect the distance between
the neighboring nodes.

Jian et al.®! presented a High-Reliability Low
Latency Intelligent Geographic routing (HRLLIGR)
algorithm based on an enhanced Greedy Perimeter
Stateless Routing (GPSR) algorithm. The entire work
is based on the mobile nodes in dynamic topol-
ogy. The proposed work enhanced link reliability
through greedy forwarding, guided by link stability
metrics. Additionally, latency caused by void areas
is minimized using area prediction-based forwarding.
However, the algorithm based on the mobile nodes
faced a significant challenge. The primary limitation
of this research lies in the complexity of commu-
nication between mobile nodes and the BS, which
arises from the dynamic and continuously changing
network topology.

By taking all limitations of the mentioned related
studies, designing an efficient geographic routing al-
gorithm is a challenging task. The analysis of the
related works revealed that many geographic routing
algorithms rely on one or more criteria such as resid-
ual energy, distance, and link quality to select the
most suitable relay node. However, these algorithms
generally lack the ability to adapt their forward-
ing strategy to dynamic network conditions, as they
cannot adjust the forwarding policy based on the
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interrelationships among the criteria. To overcome
these limitations, several MCDM-based approaches
have been proposed for geographic routing. Never-
theless, most of these methods have demonstrated
inadequate performance, particularly in scenarios
with congested nodes, which often result in high en-
ergy consumption.

The main steps of the proposed routing algorithm
based TOPSIS

The TOPSIS approach is a multi-criteria technique
presented for the first time by C.L. Hwang and K.
Yoon in 1981 to choose the best option from a group
of choices. *? Fundamentally, TOPSIS helps decision-
makers determine which option is best by comparing
each one to the best option based on several criteria.
TOPSIS was used widely to design routing algorithms
in WSNs, and it was a preferable choice over other
methods for many reasons. Some of these reasons are
that TOPSIS is straightforward to implement, scal-
able, and flexible in criteria weighting. Moreover,
TOSIS can be integrated with other techniques, such
as fuzzy.>® Lastly, TOPSIS can effectively deal with
many complex and incompatible criteria.

The proposed routing algorithm utilizes TOPSIS
to determine which choice is preferable. It uses the
closest distance to the ideal (positive) position and
the furthest distance from the anti-ideal (negative)
position. All feasible best values are ideal (positive)
solutions given the requirements. On the other hand,
all of the worst values that do not meet the criteria are
included in the anti-ideal (negative) solutions. The
following are the detailed main steps for the proposed
TOPSIS method.

Stage 1: Establishing the matrix

For each sensor node, the SN sensor node with m
criteria is presented as a constructed matrix where
each row represents an alternative, and each column
represents a criterion. Eq. (1) illustrates the con-
structed X; matrix for the proposed routing algorithm
based on TOPSIS. C; represented the value of jth
criteria for the ith sensor node where (i=1,2,3, .. .,n)
and (j=1,2,3,..., m).

Ci1 Cp Gz . . Cin
Co Cx Gz . . Cop

X = Ca1 G2 C33 . . Cap 1)
Cnl an Cn3 e Cnm
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Stage 2: Normalizing the matrix

Normalization is a crucial step in the proposed al-
gorithm based on the TOPSIS because it ensures that
each criterion is on the same scale and contributes
equally to the decision-making process. Eq. (2) repre-
sents the transformation that is used to normalize the
decision matrix for each element NR;;.

(2)

A weight W; is assigned to each criterion in the
matrix; the weights are then multiplied by the nor-
malized matrix using Eq. (3).

n
Vij = Wj = NR;; where ) W, =1 3
j=1

Stage 3: Finding the ideal and anti-ideal solution

The weighted decision matrix defines the ideal
(positive) and anti-ideal (negative) solutions. Ideal or
positive criteria represent the highest criteria values
(the higher, the better), as shown in Eq. (4).

At = (v v v L )
AT ={(max V;4li=1,2,3,...m), j=1,2,3,....n}
4
In contrast, the anti-ideal (negative) solution has

the lowest criteria value (less is more desirable), as
shown in Eq. (5).

A= (Vi Vs, Voo, V)

A ={minV;li=1,2,3,...m), j=1,2,3,...n}
(5)
Stage 4: Determining the distance
The next step within the proposed algorithm in-
volves the calculation of the distance that separates

the current alternatives from the ideal and anti-ideal
solutions, as shown in Egs. (6) and (7).

©)
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(7)

Stage 5: Ranking the alternatives

The final step in the proposed algorithm represents
the ranking of the alternatives. In this step, all alterna-
tives are ranked based on their closeness to the ideal
solution and distance from the anti-ideal solution us-
ing Eq. (8).

Ki=S;/Sf+S where0<K; <1 (8

The following section will detail the proposed cri-
teria used within the proposed routing algorithm to
build the proposed TOPSIS matrix.

The proposed criteria for TOPSIS

The proposed algorithm ensures optimum routing
by choosing the most suitable neighbor node within
the transmission range as the packet is transferred
from the source node to BS via the best path. Using
TOPSIS, the best node in the neighbor’s information
table is chosen for each sensing round, considering
energy consumption as a primary target. The follow-
ing are the four proposed criteria used to determine
the most suitable node from the neighbor nodes:

Euclidean Distance (ED): The distance between
any sensor node and its neighboring nodes is a cru-
cial criterion and fundamental in geographic routing.
This parameter guarantees that event reports are for-
warded efficiently to the destination. The main idea
is to forward data packets to the farthest neighboring
node, which will also be the closest node to the BS
among the neighboring nodes.?® The proposed rout-
ing approach ensures that each hop moves the data
packet significantly closer to the BS, optimizing the
routing path and improving the network’s efficiency.
Eq. (9) is used to calculate ED between any two neigh-
boring nodes.

EDny = /(X — X + (¥ — ¥ ©)

where the coordinates of nodes N; and N; are repre-
sented by (X;, ¥;) and (X], Y)), respectively.
Remaining Energy (RE): Energy efficiency is crit-
ical due to sensor nodes’ limited battery life. The
proposed routing algorithm considers enhancing the
network lifetime as a primary goal. Any sensor node
N; will inform all its neighbors N; about its RE; value.
This behavior ensures that the best route is selected
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between a node and its immediate neighbor and
across the entire path to the BS. Thus, this param-
eter is critical in the proposed algorithm to prevent
routing through dying nodes or weak paths with low
energy levels. The proposed TOPSIS algorithm con-
siders the higher energy value as a preferable choice.

Link Reliability (LR): Alerting BS about an event
is the main priority in event-driven WSNs. Therefore,
link reliability is a crucial need and ensures reliable
packet transmission. LR;; between any two nodes (N;
and N;) indicates link trustworthiness.?® It is calcu-
lated as the ratio of packets received by N; to packets
sent by Nj. Packet loss is more likely on links with
a lower LR. A link with a higher LR is preferable to
ensure the link quality. Eq. (10) calculates the LR of
any nearby node N; on node N;.
LR;j = N;RN;/BN; (10)

Where N;RN; is the number of beacon packets that
N; received from node N; and BN; is the number of
beacon packets broadcast by N;.

The proposed performance analysis tool calcu-
lates the LR periodically by exchanging the Beacon
messages and tracking the number of packets the
neighbors receive. The Beacon message has a field,
namely the Bcon ID. Bcon ID is a unique identifier
of the Beacon message, starting with one and incre-
mented by one at each beacon broadcasting interval.
Each node also has a column Bcon count within the
Neighbor Information (NB-Info) table initialized ta-
ble started as 0. Upon receiving a beacon from
neighbor Nj, N; stores Bcon ID and increments the
Beacon counter by 1. Therefore, dividing Bcon_count
by Bcon_ID will be the delivery ratio between N; and
N;. With increasing time, nodes broadcast and receive
more beacons, making LR increasingly accurate.

Minimum Hop Count (MHC): Data transmission in
WSNs incurs significant costs in terms of both energy
and time. MHC is essential to minimize energy con-
sumption and end-to-end delay from the source node
to the BS. MHC criterion helps prevent redundant
path deviations and ensures that the routing process
is more direct by avoiding superfluous detours. The
proposed algorithm prefers to select the neighboring
node with the low MHC to the BS, thereby saving
energy and preventing the data packet from being
forwarded far from the final destination.

All four criteria were calculated easily, without the
need for additional equipment or high complexity,
through the exchange of neighbor information. The
neighbors’ information is exchanged periodically us-
ing Hello and Beacon messages (control packets) and
stored inside the NB-Info table for each sensor node.
Both routing control packets are small in size to con-
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Table 1. TOPSIS matrix for SN44.

Sensor Node ID  ED RE LR MHC
62 62.12 1320 1.00 2
47 39.53 1325 1.00 2
49 32.43 1382 1.00 2
89 39.09 1320 092 3

Table 2. The normalization matrix for SN 4.

Sensor Node ID ED RE LR MHC
62 0.18 0.14 0.15 0.39
47 0.13 0.14 0.15 0.39
49 0.12 0.15 0.15 0.39
89 0.13 0.14 0.14 0.58

serve energy and prevent network congestion. Hello
messages are broadcast only once at the beginning
to share the hop count, geographic location, and the
residual energy for each node, as shown in Fig. 1,
which represents the fields or the contents of the
Hello packet. Fig. 2 represents the contents of the Bea-
con packet containing Beacon ID, remaining energy,
and hop count. All these parameters are essential to
support the updating process of the enhanced crite-
ria before storing them in the NB-Info table. Fig. 3
illustrates an example of the updating process of the
proposed criteria values within the NB-Info table for
sensor node S10.

Fig. 4 illustrates an example taken from the devel-
oped simulation regarding the TOPSIS steps for the
sensor node SNy, at the left of the network topology.

The mentioned sensor node (SN44) constructed the
TOPSIS matrix for four neighbor nodes and four men-
tioned criteria, as shown in Table 1, where each row
indicates an alternative and each column denotes a
criterion. While Table 2 represents the normalized
matrix for the same sensor node SN44.

The ideal and anti-ideal solutions, which represent
the third stage of the proposed TOPSIS, are shown
in Egs. (11) and (12) for the mentioned sensor node
SN44.

A"t = (0.18, 0.15, 0.15, 0.39) (11)

A” = (0.12, 0.14, 0.14, 0.58) 12)

Egs. (13) and (14) illustrate the fourth stage of the
developed TOPSIS.

Si, = (0.0039, 0.2104, 0.2142, 0.2036) (13)

S, = (0.254, 0.1846, 0.1922, 0.2125) 14)

The alternative options values based on the pro-
posed routing algorithm from the last stage (SNg,=
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[ Node ID Beacon ID Remaining Energy  Hop Count ]
Fig. 1. The content of the Hello message.
[ Node ID Pos x Pos y Remaining Energy Hop Count ]

Fig. 2. The content of the Beacon message.

0.91, SNgs= 0.52, SN47= 0.49, SN49= 0.38) show that
sensor node SNg; will act as a forwarder node for
sensor node SNy, for this sensing round.

Network model

In the proposed network model, K is the number
of sensor nodes, K; (i = 0,1,2, 3,..., i-1), that are
randomly scattered in a Two-Dimensional 2D geo-
graphical area with dimensions of (X, Y). Any two
nodes, such as K; and K;, can communicate directly if
the Euclidean Distance ED;; between them is less than
or equal to their transmission range D. The proposed
routing algorithm uses a multi-hop communication
style to forward data packets towards the BS, as
shown in Fig. 3. Any node not a neighbor of the BS
will choose one of its neighbors as the forwarding
node to transmit its sensed data to the BS according
to the NB-Info table. The NB-Info table is periodically
updated by exchanging the routing control packets,

providing all the necessary information for the sensor
node to construct its TOPSIS matrix.

Early on, every sensor node sets its hop count and
next hop as HC;j= oo and next hop = 0 while BS
broadcasts Hello with a hop count and next hop as
0. Whenever any node receives a hello message from
a neighbor. K; will compute the distance and store the
energy level inside the NB-Info table. If HC; which was
initially set as oo is greater than HC; + 1. K; assign its
hop count as HCj+1 and resend a Hello message to
inform others. On the other hand, Beacon messages
are broadcast periodically to update the neighbor’s in-
formation inside K; in a similar manner. Algorithm 1
outlines the pseudocode steps for the Hello and Bea-
con message exchanges and generating NB-Ino table.

Cost analysis

In WSNs, energy is critical as sensing, communica-
tion, and data processing activities consume power

NB-Info Table for Sensor Node (SN10)
1D HC NH Energy Distance LR
S11 4 S10 2.12 70.23 0.17
S14 3 S16 122 55.78 0.16
S7 3 S8 2.14 49.56 0.18
S8 2 S16 1.80 48.35 0.15

Fig. 3. Updating the proposed criteria values.
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Fig. 4. A Simulation scenario for the proposed routing algorithm.

in the sensor nodes. Among these activities, com-
munication requires the most energy, significantly
more than sensing and data processing. Therefore,
explaining the computational cost for any new pro-
posed routing algorithm is important. Calculating the
computational cost of the proposed routing algorithm
involves a main stage, which is the exchange of the
neighbor’s information state. The number of neigh-

BAGHDAD SCIENCE JOURNAL 2026;23(6):2244-2257

bor nodes N affects the computational complexity of
the TOPSIS method because TOPSIS executes a fixed
number of independent stages regardless of input size
or problem complexity. In this context, its time com-
plexity can be expressed as O(N, M), where N is the
number of neighbors, and M is the number of criteria.
Therefore, the proposed method has an O(N, M) total
time complexity. For simplicity, the proposed TOPSIS
will not consider the nearest nodes to the BS since
these critical nodes already have the BS included in
their NB_Info Table and thus know the location of the
BS. This simplification reduces computational over-
head, making the total computational cost suitable for
the requirements of WSNs.

Simulation setup

This section presents a precise analysis of the simu-
lation configurations that will be illustrated in detail
for the proposed geographic routing algorithm based
on TOPSIS. This section presents a precise analysis of
the simulation configurations that will be illustrated
in detail for the proposed geographic routing algo-
rithm based on TOPSIS. The developed DES simulator
based on the JAVA programming language was used
to evaluate the proposed algorithm and compare it
with benchmark work results reimplemented in the

Algorithm 1: Control packet exchange for generating NB-Info table.

Input: Hello message, Beacon message

Output: NB_Info Table

1 Function Initialization ()

2 If K; is BS Then

3 Broadcast (Hello Message);

4 End If

5: End Function

6: Function Received Hello ()

7 If K; receives Hello from a neighbor K;

8: Compute ED(ki,kj)using Eq. (9)

9: Store Node ID, Pos-x, Pos-y, HC, and ED(ki,kj) in NB-Info table;
10: End If

11: End Function

12: Function Send Hello ()

13: After receiving a Hello message from any node K;

14: For each K; in the NB-Info table Do

15: Broadcast (Hello);

16: End For

17: End Function

18: Function Send Beacon ()

19: For each K;j in the NB-Info table Do

20: Send ED(ki,kj), HC;, and Energy, and to all Neighbours
21: End For

22: End Function

23: Function Received Beacon ()

24: If K; receives Hello from a neighbor K;

25: Store All the needed Information in the NB-Info table
26: Compute the criteria To Build the TOPSIS matrix

27: Update all criteria inside the NB-Info table;

28: End IF

29: End Function
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Fig. 5. Simulator interface.

developed simulator. The WSN simulation tool is used
specifically for routing process testing. This work has
chosen the EAEDR and the FTR algorithms as base-
line algorithms.?®?° These algorithms were chosen
as baselines because they represent state-of-the-art
approaches for energy efficiency and high delivery
ratio. This allows for a fair evaluation of the proposed
algorithm in terms of both energy optimization and
reliability, which are the two main challenges in WSN
routing.

The simulation setup follows the benchmark
methodology commonly adopted in prior works (FTR
and EAEDR)?%?° to ensure fair comparison. This work
conducted simulations of over 100 random different
topologies with varying events per round (2, 4, 8, and
10). The number of simulation rounds varied from
100 to 2000 to capture both short-term and long-term
network behavior, with 100 different runs for the
event locations, repeated 100 times for statistical con-
fidence. A total of 100 sensor nodes were randomly
and uniformly deployed in a (600x600) area, with
the BS positioned at the center (300,300), as shown
in Fig. 5. This topology was deliberately selected be-
cause random uniform deployment with a centrally
located BS is used in the benchmark’s scenario in
event-driven WSN studies. It provides a neutral and
unbiased environment that avoids favoring any par-
ticular routing strategy, thereby ensuring fair and
consistent comparison with benchmark algorithms.

The transmission range of all nodes is 120 meters,
and all sensor nodes have the same initial amount of
energy. To accurately compare our proposed method
with the baseline algorithms, the proposed perfor-
mance analysis tool takes the average simulation

results of 100 different random network topolo-
gies. In the proposed routing algorithm, four distinct
weighting factors are assigned to the TOPSIS crite-

n
ria, where W; € [0, 1] and } W; = 1. Unlike the
j=1

benchmark algorithm, which equally assigns 0.3 to all
criteria, the proposed algorithm in this work adopts
differentiated weights: distance (¢ = 0.3), remain-
ing energy (8 = 0.3), link reliability (A = 0.3),
and minimum hop count (2 = 0.1). This distribu-
tion emphasizes the higher importance of distance,
energy, and reliability over the hop count criterion
in event-driven WSNs. Due to the absence of a uni-
versally accepted analytical method for determining
weights, a trial-and-error process was employed, in
which multiple configurations were systematically
tested through extensive simulations. The final values
were selected for their ability to achieve a balanced
improvement across key performance metrics, includ-
ing network lifetime, energy efficiency, delivery ratio,
and latency, thereby significantly contributing to the
enhanced performance of the proposed algorithm.

In this study, residual energy and energy con-
sumption was computed using the First-Order Radio
energy model,** which is widely adopted in WSN
simulations. Detailed simulation parameters are com-
prehensively listed in Table 3.

Results and discussion
Packet Error Rate (PER), network lifetime, latency,

Average Energy Consumption (AEC), and Packet De-
livery Ratio (PDR) are the main metrics that indicate
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Table 3. Simulation terminology and values.
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Terminology Explanation Value

Field Size Height and the width of field size in meter (600x600)
Number of Sensor Nodes Total number of deployed sensors 100

BS Location of the BS within network topology (300,300)
Transmission Range Transmission range for each sensor node 120

Number of Events Number of events per round 2,4,8,10
Number of Rounds Number of sensing rounds 200 to 2000
Initial Energy Initial energy for each sensor node in the joule (15 — rand (0, 1)) x 102
Radio Dissipation (Eg.) Energy consumed to run the transmitter or receiver  50nJ/bit
Transmission amplifier (Eqmp)  Energy consumed by the transmit amplifier IOOpJ/bit/m2
Residual Energy Residual energy for each sensor node

Energy Threshold Threshold which determines the dying nodes 0.1 Joule
Weighting Factors a, B, 8, and Q 0.3,0.3,0.3,0.1

the network’s efficiency and reliability within the
WSN environments. The following are the experimen-
tal results for the proposed algorithm compared with
the baseline algorithms (FTR and EAEDR) regarding
these metrics.

PER

PER is a critical metric in WSN, representing the
ratio of lost packets to the total number of packets
sent and reflecting the reliability of data transmis-
sion. Fig. 6 compares the proposed algorithm with
the EAEDR and FTR algorithms, demonstrating con-
sistently lower PER values for the proposed method
across all rounds. This improvement highlights its
enhanced reliability in data delivery. The proposed
algorithm exhibits stability and resilience over time,
with PER decreasing as the rounds progress, largely
due to the LR criterion, which becomes more accurate
over time.

Furthermore, the energy and hop count crite-
ria help balance network usage by preventing the
overloading of specific nodes, thereby reducing re-
transmissions and ensuring smoother data delivery to
the BS. Overall, it achieves a total average reduction
in PER of 29.2% compared to the FTR algorithm and
3.4% compared to the EAEDR algorithm, demonstrat-
ing superior performance.

Network lifetime

Network lifetime, a critical performance metric in
WSNSs, is defined as the duration from network ini-
tialization until the first node depletes its energy. It
reflects the network’s sustainability and efficiency,
making it a primary focus of WSN research. Fig. 7
illustrates the superior performance of the proposed
routing algorithm in extending network lifetime
compared to the benchmark algorithms. This im-
provement, averaging 19.6% over the FTR algorithm

—#— MCRA
—+—FTR
EAEDR

10:\‘\0\&
9 - -

PER (Percent)

1000 1200 1400 1600 1800 2000
No. of Rounds
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Fig. 6. PER for different numbers of rounds.

and 8.3% over the EAEDR algorithm, is primarily
attributed to the TOPSIS-based approach, which ef-
fectively avoids routing through low-energy paths.

Moreover, the extended network lifetime indicates
a more balanced energy consumption among sensor
nodes, demonstrating that the proposed algorithm
distributes workload effectively and prevents early
depletion of specific nodes, which is the main issue
in the benchmark algorithms.

Latency

Latency refers to the average time required for an
event report to travel from a source node to the
base station. In WSNs, low latency is essential for
applications that require timely data delivery, such
as real-time monitoring and emergency response sys-
tems. Eq. (15) calculates the latency for the proposed
algorithm and the baseline work.

N
Latency = Z(RTi — ST))/N
i=1

(15)
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Where N is the total number of reports delivered
by the BS. While RT; and ST; are received and send
time for ith event reports, respectively. Fig. 8 com-
pares the latency of the proposed routing algorithm
with the baseline algorithms, showing that both the
proposed algorithm and the FTR algorithm initially
experienced relatively high latency (approximately
750 ms). This is primarily due to the frequent ex-
change of control packets, such as Hello messages,
and the delay introduced by the majority voting pro-
cess used to confirm an event before transmitting
it to the BS. During the first 200 rounds, the pro-
posed algorithm achieves slightly lower latency (4%
improvement) compared to FTR. This improvement
is attributed to the TOPSIS-based routing method,
which avoids weak nodes by considering the energy
levels of neighboring nodes, thereby enhancing data
transmission efficiency.

However, as the rounds progress and some nodes
deplete their energy, the latency in the proposed
algorithm gradually increases. This is because the al-
gorithm deliberately avoids critical, energy-depleted
nodes, often requiring data packets to traverse longer
paths. Although this strategy balances energy con-
sumption and prevents overloading key nodes, it
increases latency over time. In contrast, the FTR
algorithm, which does not optimize workload distri-
bution, maintains lower latency in later rounds. As a
result, the FTR algorithm outperforms the proposed
algorithm by 11.9% across all simulation experi-
ments. On the other hand, the EAEDR algorithm
initially exhibits very low latency; however, its la-
tency increases dramatically as the number of rounds
increases. Overall, the proposed algorithm enhances
latency performance by an average of 8.2% compared
to the EAEDR algorithm.
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AEC

The developed simulator can measure additional
performance metrics, such as the AEC, which was
not previously presented in the benchmark works.
Eq. (16) calculates the AEC for the proposed and
baseline algorithms.

nodes
AEC = Z (initial energy; — RE;) /No. nodes
i—1

(16)

Fig. 9 shows the AEC that compares the energy
consumed per different number of rounds under two
events per round. Fig. 8 shows how energy consump-
tion within the presented algorithms increases with
increasing rounds. AEC remains relatively low for
two events per round and increases gradually over
time. This indicates that the proposed algorithm ef-
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Table 4. ANOVA (p-values) for the evaluated performance metrics across the three algorithms.

Performance Metric EAEDR Vs. MCRA FTR Vs. MCRA Significance (p < 0.05)
PER 0.004 0.0008 Significant
Network Lifetime 0.0012 0.0003 Significant
Latency 0.021 0.014 Significant
AEC 0.008 0.0005 Significant
PDR 0.013 0.009 Significant
100 To validate the robustness of the results, a one-
way Analysis of Variance (ANOVA) was conducted
95 Y —— on the obtained data. Table 4 presents the ANOVA
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Fig. 10. PDR with different numbers of rounds.

fectively has low energy consumption under low-load
conditions by selecting energy-efficient paths and
balancing routing load distribution. The simulation
results prove that the proposed algorithm is particu-
larly effective in low to moderate-load environments.
It can sustain energy-efficient routes in these scenar-
ios by avoiding unnecessary energy depletion. This
characteristic makes the algorithm well-suited for
WSN applications, such as fire detection or border
monitoring, where events are intermittent rather than
constant.

PDR

PDR is an important metric used in networking to
measure the success rate of data packets being suc-
cessfully delivered from the sender to the receiver.
The PDR can be calculated using Eq. (17).

No. of Received Event Reports

PDR =
No. of Sent Event Reports

*100% (17)

Fig. 10 illustrates the PDR for the proposed and
benchmark routing algorithms. The proposed routing
algorithm provides higher PDR than the benchmark
algorithms. The proposed routing algorithm achieved
a total average of 94% regarding PDR, which presents
a WSN with high performance and quality.

p-values for the evaluated performance metrics across
the three algorithms. The results confirm that the
observed improvements are statistically significant at
the 95% confidence level (p < 0.05).

Conclusion

This research proposed an enhanced geographic
routing algorithm based on the TOPSIS method to
extend the network lifetime in WSNs. The pro-
posed algorithm is presented to overcome open issues
within the current geographic routing algorithms
based on TOPSIS. In contrast to earlier TOPSIS-based
methods that primarily rely on energy and distance
as selection criteria, the proposed algorithm advances
beyond these limitations. It determines the most suit-
able relay nodes by incorporating four refined criteria
while explicitly considering the underlying network
topology. Integrating critical criteria allows the al-
gorithm to distribute the workload, prevent critical
nodes from being overburdened, and enhance overall
network performance.

Additionally, the algorithm ensures energy effi-
ciency by utilizing the remaining energy value and
considering the energy levels across the entire path.
The algorithm prioritizes network lifetime and energy
efficiency. However, it comes with a trade-off in la-
tency. The approach does not explicitly optimize the
time required for data packet delivery. The proposed
algorithm demonstrates significant improvements
over the baseline FTR algorithm, achieving an aver-
age enhancement of 15.4% in PER, 14.9% in network
lifetime, and 1.46% in PDR. Future work will aim to
extend and test the proposed method to large-scale
WSNs, evaluating performance and scalability under
more extensive network deployments.

Authors’ declaration
» Conflicts of Interest: None.

* We hereby confirm that all the Figures and Ta-
bles in the manuscript are ours. Furthermore, any



BAGHDAD SCIENCE JOURNAL 2026;23(6):2244-2257 2255

Figures and images that are not ours have been
included with the necessary permission for re-
publication, which is attached to the manuscript.
+ No animal studies are present in the manuscript.
* No human studies are present in the manuscript.
« Ethical Clearance: The project was approved by
the local ethical committee at University of Bas-
rah.

Authors’ contributions statement

Supervision and simulation validation: G.H.A. and
M.S.A.; visualization and writing—original draft:
G.H.A and H.A.A; review and editing: G.H.A, M.S.A,,
and T.N.A. All authors have read and agreed to the
published version of the manuscript.

Data availability

The data supporting this study’s findings and the
simulation tool are available from the corresponding
author upon reasonable request or by citing this pub-
lication.

References

1. Klaina H, Picallo I, Lopez-Iturri P, Biurrun A, Alejos AV,
Azpilicueta L, et al. IIoT Low-Cost ZigBee-Based WSN Im-
plementation for Enhanced Production Efficiency in a Solar
Protection Curtains Manufacturing Workshop. Sensors. 2024
Jan 22;24(2):712. https://doi.org/10.3390/524020712.

2. Majid M, Habib S, Javed AR, Rizwan M, Srivastava G,
Gadekallu TR, et al. Applications of Wireless Sensor Networks
and Internet of Things Frameworks in the Industry Revolu-
tion 4.0: A Systematic Literature Review. Sensors. 2022 Mar
8;22(6):2087. https://doi.org/10.3390/522062087.

3. Hasan MZ, Mohd Hanapi Z. Efficient and Secured Mech-
anisms for Data Link in IoT WSNs: A Literature Review.
Electronics. 2023 Jan 16;12(2):458. https://doi.org/10.3390/
electronics12020458

4. Mahmood K, Saleem MA, Ghaffar Z, Shamshad S, Das AK,
Alenazi MJF. Robust and efficient three-factor authentication
solution for WSN-based industrial IoT deployment. Internet of
Things. 2024 Dec;28(July):101372. https://doi.org/10.1016/
j.iot.2024.101372.

5. Darabkh KA, Al-Akhras M. Evolutionary Cost Analysis and
Computational Intelligence for Energy Efficiency in Internet
of Things-Enabled Smart Cities: Multi-Sensor Data Fusion and
Resilience to Link and Device Failures. Smart Cities. 2025 Apr
9;8(2):64. https://doi.org/10.3390/smartcities8020064

6. OuY, Qin F, Zhou KQ, Yin PF, Mo LP, Mohd Zain A. An Im-
proved Grey Wolf Optimizer with Multi-Strategies Coverage in
Wireless Sensor Networks. Symmetry. 2024 Mar 1;16(3):286.
https://doi.org/10.3390/sym16030286

7. Hudda S, Haribabu K. A review on WSN based resource con-
strained smart IoT systems. Discov Internet Things. 2025 May
9;5(1):56. https://doi.org/10.1007/5s43926-025-00152-2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Kaviarasan S, Srinivasan R. Developing a novel energy ef-
ficient routing protocol in WSN using adaptive remora
optimization algorithm. Expert Syst Appl. 2024;244:122873.
https://doi.org/10.1016/j.eswa.2023.122873.

Moussa N, Nurellari E, Azbeg K, Boulouz A, Afdel K,
Koutti L, et al A reinforcement learning based routing
protocol for software-defined networking enabled wireless
sensor network forest fire detection. Futur Gener Com-
put Syst. 2023 Dec;149:478-93. https://doi.org/10.1016/j.
future.2023.08.006

Venkatesan VK, Izonin I, Periyasamy J, Indirajithu A, Batyuk
A, Ramakrishna MT. Incorporation of Energy Efficient Com-
putational Strategies for Clustering and Routing in Het-
erogeneous Networks of Smart City. Energies. 2022 Oct
12;15(20):7524. https://doi.org/10.3390/en15207524

Nti IK, Rout SS, Yeboah J. An optimized ensemble model
for predicting average localization error of wireless sensor
networks. Decis Anal J. 2024 Sep;12(April):100510. https:
//doi.org/10.1016/j.dajour.2024.100510

Abdalhafid AA, Subramaniam SK, Zukarnain ZA, Ayob
FH. Multi-Link Operation in IEEE802.11be Extremely High
Throughput: A Survey. IEEE Access. 2024;12(March):46891—
906. https://doi.org/10.1109/ACCESS.2024.3378997

Raja Basha A. A Review on Wireless Sensor Networks: Rout-
ing. Wirel Pers Commun. 2022 Jul 25;125(1):897-937. https:
//doi.org/10.1007/s11277-022-09583-4

Adday GH, Subramaniam SK, Zukarnain ZA, Samian N.
Friendship Degree and Tenth Man Strategy: A New Method for
Differentiating Between Erroneous Readings and True Events
in Wireless Sensor Networks. IEEE Access. 2023;11:127651—
68. https://doi.org/10.1109/ACCESS.2023.3332476
Abdulridha MS, Adday GH, Alshawi IS. Fast Simple Flooding
Strategy in Wireless Sensor Networks. J Southwest Jiaotong
Univ. 2019;54(6). https://doi.org/10.35741/issn.0258-2724.
54.6.12

Hameed AR, Islam S ul, Raza M, Khattak HA. Towards Energy
and Performance-aware Geographic Routing for IoT-enabled
Sensor Networks. Comput Electr Eng. 2020 Jul;85:106643.
https://doi.org/10.1016/j.compeleceng.2020.106643.

Van Leemput D, Hoebeke J, De Poorter E. Integrating
Battery-Less Energy Harvesting Devices in Multi-Hop In-
dustrial Wireless Sensor Networks. IEEE Commun Mag.
2024 Jul;62(7):66-73. https://doi.org/10.1109/MCOM.001.
2300586.

Moridi E, Haghparast M, Hosseinzadeh M, Jafarali Jassbi
S. Novel fault-tolerant clustering-based multipath algorithm
(FTCM) for wireless sensor networks. Telecommun Syst. 2020
Aug 31;74(4):411-24. https://doi.org/10.1007/s11235-020-
00663-z.

Muwafaq L, Noordin NK, Othman M, Ismail A, Hashim
F. A Survey on Cloudlet Computation Optimization in the
Mobile Edge Computing Environment. Int J Adv Comput
Sci Appl. 2023;14(1):520-32. https://dx.doi.org/10.14569/
IJACSA.2023.0140157.

Naderi M, Ghanbari M. Adaptively prioritizing candidate for-
warding set in opportunistic routing in VANETs. Ad Hoc
Networks. 2023 Mar;140:103048. https://doi.org/10.1016/j.
adhoc.2022.103048.

Badeel R, Subramaniam SK, Muhammed A, Hanapi ZM. A
Multicriteria Decision-Making Framework for Access Point
Selection in Hybrid LiFi/WiFi Networks Using Integrated
AHP-VIKOR Technique. Sensors. 2023 Jan 23;23(3):1312.
https://doi.org/10.3390/5s23031312.

Murad SS, Yussof S, Hashim W, Badeel R. Card-Flipping
Decision-Making Technique for Handover Skipping and Ac-
cess Point Assignment: A Novel Approach for Hybrid LiFi Net-


https://doi.org/10.3390/s24020712
https://doi.org/10.3390/s22062087
https://doi.org/10.3390/electronics12020458
https://doi.org/10.3390/electronics12020458
https://doi.org/10.1016/j.iot.2024.101372
https://doi.org/10.1016/j.iot.2024.101372
https://doi.org/10.3390/smartcities8020064
https://doi.org/10.3390/sym16030286
https://doi.org/10.1007/s43926-025-00152-2
https://doi.org/10.1016/j.eswa.2023.122873
https://doi.org/10.1016/j.future.2023.08.006
https://doi.org/10.1016/j.future.2023.08.006
https://doi.org/10.3390/en15207524
https://doi.org/10.1016/j.dajour.2024.100510
https://doi.org/10.1016/j.dajour.2024.100510
https://doi.org/10.1109/ACCESS.2024.3378997
https://doi.org/10.1007/s11277-022-09583-4
https://doi.org/10.1007/s11277-022-09583-4
https://doi.org/10.1109/ACCESS.2023.3332476
https://doi.org/10.35741/issn.0258-2724.54.6.12
https://doi.org/10.35741/issn.0258-2724.54.6.12
https://doi.org/10.1016/j.compeleceng.2020.106643
https://doi.org/10.1109/MCOM.001.2300586
https://doi.org/10.1109/MCOM.001.2300586
https://doi.org/10.1007/s11235-020-00663-z
https://doi.org/10.1007/s11235-020-00663-z
https://dx.doi.org/10.14569/IJACSA.2023.0140157
https://dx.doi.org/10.14569/IJACSA.2023.0140157
https://doi.org/10.1016/j.adhoc.2022.103048
https://doi.org/10.1016/j.adhoc.2022.103048
https://doi.org/10.3390/s23031312

2256

23.

24.

25.

26.

27.

28.

works. IEEE Access. 2024;12(September):146635-67. https:
//doi.org/10.1109/ACCESS.2024.3473938.

Bandeiras F, Gomes A, Gomes M, Coelho P. Multi-
criteria sustainability assessment of energy resources in
the energy supply chain of smart city ecosystems. Energy
Nexus. 2025 Jun;18(April):100441. https://doi.org/10.1016/
j-nexus.2025.100441.

Kumar G, Parimala N. A weighted sum method MCDM ap-
proach for recommending product using sentiment analysis.
Int J Bus Inf Syst. 2020;35(2):185. https://doi.org/10.1504/
1JBIS.2020.110172.

Singh M, Pant M. A review of selected weighing methods in
MCDM with a case study. Int J Syst Assur Eng Manag. 2021
Feb 16;12(1):126-44. https://doi.org/10.1007/s13198-020-
01033-3.

Gangal V, Cinemre I, Hacioglu G. A Distributed Leach-
AHP Routing for Wireless Sensor Networks. IEEE Ac-
cess. 2024;12(January):19307-19. https://doi.org/10.1109/
ACCESS.2024.3359750.

Pandey SK, Singh B. TOPSIS-based Optimal Cluster Head
Selection for Wireless Sensor Network. Res Reports Com-
put Sci. 2023 May 29;77-86. https://doi.org/10.37256/rrcs.
2320232638.

Biswas P, Samanta T. True Event-Driven and Fault-Tolerant
Routing in Wireless Sensor Network. Wirel Pers Com-
mun. 2020 May 20;112(1):439-61. https://doi.org/10.1007/
s11277-020-07037-3.

30.

31.

32.

33.

34.

BAGHDAD SCIENCE JOURNAL 2026;23(6):2244-2257

. Hang NTT, Trinh NC, Ban NT. Energy aware event driven rout-

ing protocol and dynamic delivering scheme for multievent
wireless sensor network. In: 2018 2nd International Confer-
ence on Recent Advances in Signal Processing, Telecommu-
nications & Computing (SigTelCom). IEEE; 2018. p. 224-9.
https://doi.org/10.1109/SIGTELCOM.2018.8325795.

Sen S, Sahoo L, Tiwary K, Senapati T. Entropy Weighted
TOPSIS Based Cluster Head Selection in Wireless Sensor Net-
works under Uncertainty. Telecom. 2023 Oct 3;4(4):678-92.
https://doi.org/10.3390/telecom4040030.

Jian X, Xie L, Zhu X, Liu S, Li Y, Jolfaei A, et al. High-Reliability
Low-Latency Intelligent Geographic Routing Protocol for Ve-
hicle Road Cooperation System. IEEE Internet Things J.
2024;PP:1-1. https://doi.org/10.1109/JI0T.2024.3465519.
Hajduk S. Multi-Criteria Analysis in the Decision-Making Ap-
proach for the Linear Ordering of Urban Transport Based on
TOPSIS Technique. Energies. 2021 Dec 31;15(1):274. https:
//doi.org/10.3390/en15010274.

Al Abid F Bin, Bakri AB, Alam MGR, Uddin J, Chowd-
hury SJ. Simplified Novel Approach for Accurate Employee
Churn Categorization using MCDM, De-Pareto Principle Ap-
proach, and Machine Learning. Baghdad Sci J. 2024 Feb
25;21(2(S1)):0706. https://doi.org/10.21123/bsj.2024.9788.
Heinzelman WR, Chandrakasan A, Balakrishnan H. Energy-
efficient communication protocol for wireless microsensor
networks. In: Proceedings of the 33rd Annual Hawaii Inter-
national Conference on System Sciences. IEEE Comput. Soc.
2000;10. https://doi.org/10.1109/HICSS.2000.926982.


https://doi.org/10.1109/ACCESS.2024.3473938
https://doi.org/10.1109/ACCESS.2024.3473938
https://doi.org/10.1016/j.nexus.2025.100441
https://doi.org/10.1016/j.nexus.2025.100441
https://doi.org/10.1504/IJBIS.2020.110172
https://doi.org/10.1504/IJBIS.2020.110172
https://doi.org/10.1007/s13198-020-01033-3
https://doi.org/10.1007/s13198-020-01033-3
https://doi.org/10.1109/ACCESS.2024.3359750
https://doi.org/10.1109/ACCESS.2024.3359750
https://doi.org/10.37256/rrcs.2320232638
https://doi.org/10.37256/rrcs.2320232638
https://doi.org/10.1007/s11277-020-07037-3
https://doi.org/10.1007/s11277-020-07037-3
https://doi.org/10.1109/SIGTELCOM.2018.8325795
https://doi.org/10.3390/telecom4040030
https://doi.org/10.1109/JIOT.2024.3465519
https://doi.org/10.3390/en15010274
https://doi.org/10.3390/en15010274
https://doi.org/10.21123/bsj.2024.9788
https://doi.org/10.1109/HICSS.2000.926982

BAGHDAD SCIENCE JOURNAL 2026;23(6):2244-2257 2257

AL ladia) cilSudd Afiadl) ulaal) Badstia daa gil) dua ) ) 6
el Ay ha

4 lae bl ) ZU 3 ) Gualiye Cpiua 2 La e palla g dglie Gua g

(B1oadl 3 adl 3 pad) daala (il sheall L o 9355 G gulaldl o le 4408 (o gulall asle ad!

LB adl 6 _peadl 8 peadll dadla (il slaall Lia o 65 5 0 gudall o gle AUS iy pulal) il glaall alas o 2
Glall B ypadl 3 yadl dxala 6&!&\.@3‘}”}&\4)}»&!”.\;}1}.\53\)5)43

Al e e ok ael o) e il S (csnls ) o 4

-

AaDAl

Led Aol 455 43S (WSNs) 4SLudll jledia¥) clSus e (IR 4.0) daal ) Leliall 5 6l 5 (TOT) £V i i) aaing
padid A8 jall lipdt Jia g gual) Lkl 1505 1508 Glaial 15350 (WSNs) ASLOU ledinl) GlSud cuds N
a3 e Agaal ST 68 Lo Glle Canall adge oY ASLON) jladinl) ClSed b al s las o 8 jral) 4 il Gl ) s
) A8 el il s Jead) sae ¢)3) 58 ate Jie ccland 4al 55 laa ) sadl o3 155 Y el aay | lridiin) s3ic dale
el 138 7 58 jlafiiaV] dad 83 gaaall A8l 3 ) gl 1505 AL jlasdiia¥) CSWS 3 (ald IS5 G saa 10l 28U eDlginl
MA3Y 48 4 a5 ((TOPSIS) el Jdall e 4gbiil) s Abad) i 5 485 ) i Ailonh 480 jaa don 58 Ayl 55
age Ly ¢l e S Al e Gy ) Jliie W) & ¢TOPSIS (Y saiiall s yitall 43 Hhall 330 | el s2aee <l ) )
Jnlaall 038 zed JMA (e Agisiall A8 f Adlisdl) e | jeas S5 5 ) Ll lie yeall il Adagi jall 05l 4las b
Rl (e dllad s L) s ST a5 Zanl i) 5 Lan calall Lt s 48080 jae Ja gale IS = yiall grgdl) (pfund ediling 3 sl
plaeS Uaxaiu) il FTR s EAEDR (i)l s 23 )ie Aa jiall apn 5ill dga )l 53 o1l apsid 8lSlae e o) pa) a3 Gl
e el el Jare Gun o ) cilpa 5301 e Us gale Tias a5 ghaall e )l sal) of gilil) Jedaly Aas 5

Adal) Dlgin) o gia g se_}aﬂ ?:\L:\ A g (ASudl)

Gl ((MCDM)e TOPSIS el saaxie <l ) 3l 331 ((ToT) sbed) iyl ¢ 8 jrad) apm sl Aalital) cilalsl)
(WSNs) LSL jleiiny)



	Optimized Multi-Criteria Routing Algorithm for Durable Wireless Sensor Networks
	How to Cite this Article

	Optimized Multi-Criteria Routing Algorithm for Durable Wireless Sensor Networks
	Introduction
	Related works
	The main steps of the proposed routing algorithm based TOPSIS
	Stage 1: Establishing the matrix
	Stage 2: Normalizing the matrix
	Stage 3: Finding the ideal and anti-ideal solution
	Stage 4: Determining the distance
	Stage 5: Ranking the alternatives
	The proposed criteria for TOPSIS
	Network model
	Cost analysis
	Simulation setup
	Results and discussion
	PER
	Network lifetime
	Latency
	AEC
	PDR
	Conclusion
	Authors' declaration
	Authors' contributions statement
	Data availability
	References

