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IoT integrates and connects intelligent devices or objects with varied architectures and
resources. The number of IoT devices is growing exponentially. Due to the massive wave of
IoT objects, their diversity and heterogeneity among their architectures, the existing
communication protocols for wireless networks become ineffective in the context of IoT.
Wireless Sensor Network (WSN) has the potential to be integrated to the internet of things
(IoT). The issues of the routing of WSNs impose nearly similar prerequisites for loT routing
technique. Most of the traditional routing protocols are not appropriate for WSNs and loT
because of resource constraints, computational overhead and environmental interference
and do not take into account the different factors affecting energy parameter and do not
accommodate node mobility. Routing algorithms must ensure the data transmission in an
efficient way, having proper knowledge of the loT system. For this reason, many intelligent
systems have been utilized to design routing algorithms to handle the network’s dynamic
state. In this paper, an ant colony optimization (ACO) based WSN routing algorithm for
10T has been proposed and analyzed to enhance scalability, to accommodate node mobility
and to minimize initialization delay for time critical applications in the context of IoT to
find the optimal path of data transmission, improvising efficient IoT communications. The
proposed routing algorithm is simulated using MATLAB for performance evaluations. The
evaluation results have recorded an improvement in conservation of energy, of almost 50%
less consumed energy even with an increase in the number of nodes, by comparing with an
existing routing technique based on ant system, a current routing protocol for IoT and the
conventional ACO algorithm.

1. Introduction

providing ubiquity of networks with smart and low-cost devices
that are easy to deploy. In an IoT system, a large collection of

With the widespread use of IoT devices, the issue of designing
efficient routing protocol has attracted more attention in
networking research. This paper is an extension of work originally
presented in ICOM'19 [1].

According to the prediction of Cisco™ IBSG [2], by 2020, 50
billion devices will be connected to the Internet. IoT provides
network connectivity between these smart devices everywhere and
all times. The emergence of a new ubiquitous computing era has
been created due to the evolution of wireless networks and sensor
technologies, allied to the increasing demand for new IoT
applications for the provision of smart services [3]. In this context,
WSNs play an essential role to the expansion of IoT while
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autonomous and dynamic sensor nodes are used to gather
information by detecting physical parameters, communicate and
cooperate with their environment and send their data to the
internet. Sensor nodes have the ability of self-organization and
sensor networks function in a distributed way [4]. IoT with the
integration of WSNs, have a wide range of applications spaces that
shape human life and also have impact on economic benefits. The
physical domain of IoT is presented through the connected
networks of objects and nodes utilizing wireless sensors. A large
number of small devices surround the environment help to manage
the physical world by sensing, processing, communicating and
analyzing the data in the IoT network system [5]. The development
of new applications and technologies are drawing attention from
the research perspective, such as smart home, environmental
monitoring, healthcare, transport, agriculture, offices, buildings
and smart cities etc.
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Designing efficient routing protocol is the key factor to
improve the energy efficiency, data transmissions, scalability and
prolong network lifetime in WSNs and IoT. However, several
considerations are required for resource-constrained network
system, such as energy efficiency, scalability, security, autonomy,
computational complexity, environmental constraints for wireless
link, node mobility, the QoS (quality of service) requirement for a
particular application, during IoT routing. The sensed information
ought to be sent to the base station for further operations in various
IoT applications through the competent forwarding mechanism
while keeping in consideration different functionalities of IoT
objects states.

Until now, there is a large number of routing algorithms have
been proposed by the research community, considering the energy
parameter, yet its exploitation is not well thought-out [6]. The
existing node energy and the distinctive components affecting this
energy parameter need to be considered to spare node energy and
enhance the communication quality of the network. The node’s
lifetime relies upon the battery-life to a huge range, and the
irrational energy utilization will effectuate the system to expire
early and decrease the lifetime of the network [7]. Hence the key
research issue is the designing of efficient route calculation
algorithm that can ensure efficient information communication
within IoT while maintaining scalability. Most of the traditional
routing protocols are not adaptable other than energy efficient, if
the varied difficulties in various applications are considered or due
to the dense and complex conditions and a wide range of radio
obstruction. Many intelligent systems including the working
mechanism of the biological systems have been employed for
designing routing algorithms to handle the network’s dynamic
state while keeping pace with energy efficiency during information
communication [8]. Ant colony optimization (ACO) based
algorithms emphasize the design of routing protocols that are
robust, adaptable and scalable [9]. The coordination of ants
depends on the ability of self-organization that ant colony
optimization based swarm intelligence techniques possess [10].
The probabilistic approach of ACO is used to determine the routes,
and the pheromone update formulation is used for further updating
of the pheromone trail [11].

An ant colony based routing technique, named EICAntS, for
effective communications within IoT is presented in [12]. This
algorithm considers the energetic parameters. The pheromone
estimations in the ant system is related here by the calculated
global efficacy factor. An improvement with regard to network
lifetime and conservation of energy is shown from the evaluation
results. The algorithm does not include the heuristic information
and pheromone update strategy consisting of pheromone
evaporation rate and/or the amount of pheromone deposited. The
energy effect precisely addresses the data class handled by the
node and does not specify the different factors affecting energy
parameter such as the energy consumption in free-space and multi-
path fading standard of wireless communication as well as no
particulars are provided on how to compute the nodes’ energy
level. The REL routing technique for IoT applications, which is
focused on energy and link quality information, is proposed in
[13]. Testbed experiments are used besides simulation for the
evaluation where REL increases the system and network lifetime,
reliability, energy-efficiency, QoS of IoT applications and reduces
packet loss rate. In addition, it offers a path determination system
which is basically an end to end route. For this purpose, it depends
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on cross-layer data with insignificant overhead. Furthermore, it
permits information transmission with a reasonable appropriation
of wireless and remote assets. A piggyback and on-demand system
guides nodes to become energy proficient where the residual
energy is sent to their neighboring nodes. Nonetheless, no
enhancement system is utilized in contradiction of ant based
protocol, which utilizes the ant colony system.

In [14], LEACH-MA protocol is proposed which is based on
modified ACO. The residual energy parameter is used along with
LEACH (Low-energy adaptive cluster hierarchy routing) protocol
for the selection of current cluster head. The measure of energy
consumption is minimized by this algorithm. The energy and
distances are combined in this approach for choosing the cluster
head. But no facts have been provided on the threshold value for
selecting the cluster head. In [15], a hybrid tree-based search
approach, called ANT-BFS, is proposed to discover the optimum
route for information communication. This scheme integrates
breadth first search with ACO to minimize the amount of energy
consumption. However, the memory and computational time
requirements may arise some issues for this technique in case the
cluster head and the sink are located far from each other, so it might
not be suitable for large scale. Content based routing (CCR)
protocol is presented in [16] that ensures reliability of information
transmission for IoT applications. It utilizes the process of data
aggregation and ensures good load balancing. This method
transmits data based on the message content and incorporates link
quality information. The traffic reduction gain is achieved by this
technique, where an objective function is used by the nodes for
routing of the heterogeneous sorts of content. Each node builds a
distinct routing entry by using the content to select the next node
for transferring the data via the certain reliable communication
link. The energy consumption has been conserved by this method
by forwarding aggregated data to selective nodes. However, no
details were provided on the estimation of the reliability while
taking into consideration of the parameters that are also
unspecified for this reliability.

In [17], an ant-based routing algorithm considering the energy
supervision is presented. Reward and punishment technique are
adopted with the pheromone update rules. The energetic parameter
is considered and this technique increases network lifetime and
energy-efficiency. However, various factors of energy utilization
are required to be addressed. The node delay parameter is used
here, but no details were found on the delay factor. An improvised
energy saving ant colony based routing protocol for sensor
networks is proposed in [18]. Three phases are introduced in this
multipath protocol, such as discovery of neighbor through link
information, transmission of packets through EWMA
(exponentially weighted moving average) technique and efficient
& reliable end to end delivery. The simulation results indicate that
the proposed routing protocol for dynamic networks stands
efficient in general performance, particularly regarding energy
efficiency and throughput when contrasted with standard and other
novel proposed routing algorithms. A multi-constrained technique
that ensures QoS, known as IAMQER focused on ant colony, is
proposed in [19]. The simulation results show that average energy
consumption is minimized and packet delivery ratio is increased
by utilizing this technique. Also, a route evaluating function is
presented here. But IAMQER strategy might suffer longer
processing delay as it is based on traditional ACO method.
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This paper is an extension of work initially reported in [20],
where the necessary parameters for communication process have
been taken into account by the proposed method, such as mobility
and energy parameters. Most of the proposed routing algorithms
have addressed merely some communication parameters that are
not adequate enough to enhance the communication quality needed
by the energy constrained IoT applications. The important
communication parameters must be considered by the mechanisms
that mediate in the correspondence procedure, for instance routing,
for resolving the issues of routing and for efficient
communications in the IoT network system. The proposed
protocol has utilized the advantages of the ant system to discover
the optimum path for information communication and to improve
communication quality within an [oT system.

2. System Model

2.1. The Network Model

The considered network model consists of M sensor nodes with
random distribution in an L x L rectangular area. The proposed
algorithm comprises the system model for IoT communications
which is designed with several nodes or sensors M;. The adopted
graph G with the nodes and connecting links has constructed the
network. It is assumed that the sensor nodes have the same
computation and preliminary energy. The nodes can update the
information about its neighbors. The received signal strength
indication (RSSI) is used to compute the approximate distance of
the senders by the nodes. For that calculation, the transmitted
power of the objective is acknowledged.

2.2. Proposed ACO Algorithm

The most pheromone path is chosen as the shortest and optimal
path in the traditional ACO algorithm [11] and the energy
parameter is not considered. Hence the network’s node energy on
that path reduces abruptly and lessens the entire network’s
lifespan. Furthermore, novel routing protocols are required to
manage the overhead of mobility. As the topological changes for
the mobility of the sensor nodes and the sink nodes generate
frequent updates in the network, which may drain the node energy
extremely in an energy-constrained system. This paper expands
our research works presented in [1] in terms of network
performance to improve communications within IoT. The
proposed system of ours [21] has been investigated more here to
enhance scalability, to accommodate node mobility, and to
minimize initialization and processing delay for time critical
applications in the context of [oT. An improved network routing
algorithm based on ACO is proposed here by analyzing the nodes’
balanced consumption of energy.

At the place of node i and time 7, each ant m will adhere to the
following probabilistic formula to select the next node j being the
forwarding node of the subsequent route for the enhancement that
is proposed of the ACO algorithm of ours [20] for the next hop
routing:

Py =
a B
[e] [n,0] [s50]"E;

T scattoweds 17151 [, 0] [8:5 01 B
0, others

,j € allowed,, (1)
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here, 1 (t) = — (2)

dij

where 7;;(t) and 7;;(t) are the amount of pheromone and
heuristic information on edge (i, j) respectively and 7;;(t) is
typically 1/d;;. o and f are two parameters that control the
influence of the pheromone intensity and heuristic information
respectively. dj is the distance between i and j. The average
mobility parameter is used to calculate the stability factor, 9;;(t),
where y is the mobility constant. E; is the node residual energy that
ant m will visit.

To avoid faster local convergence in case large amount of
pheromone deposition happens on the routes, the pheromone
update is required to improve as well. So, the amount of
pheromone is updated and limited by incorporating a threshold
value and can be obtained as follows:

[T T+ >T ©)
T,:]'(t + 1)— {(1‘p)T1](t)+AT’-](t) else
aty() = ) ack )
k=1

where p is the pheromone coefficient for evaporation, p € (0,1), T
represents the threshold value used to limit excessive pheromone
deposition, At;;(t) is the increased pheromone concentration of
edge (i, j), usually given by,

R
k _ Jy— if kth ant uses the edge (i, ) )
Aty =1Ly
0 otherwise
where R represents strength of pheromone, L; denotes the path
length of the ” ant.

2.3. Energy Model

The energy model of wireless communications that is
presented in [22] is incorporated by the proposed system. The free-
space and multi-path fading model are utilized here depending
upon the distance d in between the sending and receiving nodes
and a threshold value, dy. The following equations for energy
consumption for the transmission (Ey.4,) of an S-bit data by the
sensors are used:

Etran (S' d)

| SEeec + Sersd? if d <d, ©)
| SEetec + Sempd® if d = d,

where E,,. indicates the energy dissipated to run electronic
devise circuitry. The energy consumption in free-space and multi-
path fading model are given by €, and €,,,, respectively. d denotes
distance and dj is the threshold value. The receiving energy,
Eg,(S), for an S-bit data for a node is provided as follows:

Epx(S) = SE¢ec (7

To calculate the residual energy of a node n;, the following
equation is used:

1712


http://www.astesj.com/

A. Sharmin et al. / Advances in Science, Technology and Engineering Systems Journal Vol. 5, No. 6, 1710-1718 (2020)

Eresi = Etoti - Etrani 3

where Ey.qg, is the residual energy, E;o,, is the total initial energy
and Eyqp, 1s the transmission energy.

2.4. Fitness Function

A function for the evaluation of the routes, path assessing
index, is provided here considering the current energy of the nodes,
and the path of routing. If remaining energy is not assessed as in
the conventional ACO algorithm, which causes early demise of
some nodes and ultimately affects the whole network lifetime. The
routing path is related to each particular ant after all the ants get to
the destination node. The fitness value for the path can be
computed as follows:

Eyes,
fi (fitness)k e 9

m Llfn

where the residual energy level of a sensor node 7; is Ey.¢g, - Lk is

the length of the route for m™ ant and k" iteration. The pheromone
is updated on the optimum path, having the highest fitness value.

2.5. Planning of Route Phases

Step 1. The route’s arrangement phase. At first an
initialization signaling is broadcasted by the sink node. Each node
acquires its own neighboring node, then updates and adds it to its
own routing table. The adjacent node link pheromone value is set
to 1. The current node's ant packet is generated by each node that
contains the number of nodes and the routing table. N,,,, is set to
the maximum number of iterations, and the initial number of
iterations is set to 1.

Step 2. The route’s organization phase. The next node will
be selected by the ant that locates in node i according to (1)-(2).
Upon receiving the ant package, a node forwards ant package in

accordance with the probability P} .

Step 3. The route’s optimization phase. Once all ants get to
the destination node, i.e. the sink node, the fitness function is used
for optimal route selection where the fitness value is computed for
the route according to (9) and the route with highest fitness value
is chosen for optimal route for data transmission. The
concentration of pheromones on this path is then updated
according to (3)-(5).

In this route’s optimization phase, once the ant package is
received by the sink node, it will count how many ants packets
each node sends. Let’s assume that the total node number is #» and
the number of ants package sent by, for instance, node i is
Xi(i=l1,....... , h).

Then the total sum of the network ant package can be expressed
by means of:

= (10)
T = Xi
i=1
Back ant package is generated by each node. When back ant
package is received by the nodes, the back ant package’s adjacency
linkage information is updated by (3)-(5). The node is selected as
the next hop which resides in the back ant package. Following the
information in the back ant packets, it is determined whether to
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send a new packet of ants at that same instance. When new ant
package need to be sent, the route is established.

2.6. Proposed Improvement

Forming clusters associated with the group of nodes is
deliberated on achieving scalability and robustness. For this
reason, the routing protocol presented in [20] can be integrated
with a clustering routing technique, such as LEACH (Low-energy
adaptive clustering hierarchy) protocol [22]. It improves the
selection strategy of optimal cluster head (CH), which is based on
probability, node residual energy, and the distance of a node from
the base station (BS). For selecting the cluster head node j, if it is
assumed that node i is the current cluster head and next node is j,
an ant m will use the probability calculation given by:

distira+[PI}(0)]+B (11)

N .
1t dLsti*a+[Pi7]'-l(t)]*ﬁ

Prob;(t)= .

Where Prob; provides the probability of each node to be
selected as a CH (cluster head), dist; is the distance of node, a and
pf are two control parameters and N; denotes the set of cluster
nodes. Pjj is found from (1). Figure 1 shows the flow diagram of
this suggested enhancement.

Using the proposed ACO based routing algorithm and the
proposed improvement given above the initial optimal CH (cluster
head) is selected. Then the final optimal CH is elected using the
maximum fitness function value provided in (9). The optimal
initial cluster head sends data to the optimal final cluster head. The
optimal final cluster head transmitted data to the sink node.

Selection of initial optimal CH using proposed
routing protocol and proposed improvement

v

Election of final optimum CH using the highest
fitness value

v

Initial and final optimal CH node
data transmission

v
Final optimal CH to BS

data transmission

Figure 1: The flow diagram of the proposed improvement

Figure 2 shows the flow diagram of the proposed routing
protocol operation.

3. Result and Discussion

The simulation is performed utilizing MATLAB where the
proposed routing protocol is evaluated according to some
important parameters, i.e., the consumed energy, the lifetimes of
nodes, best cost, end-to-end delay, throughput and packet delivery
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rate. The method represented here is evaluated against the
conventional ACO, a current routing protocol for IoT, e.g., RPL
(routing protocol for low power lossy network) [23] and an
existing ant colony based algorithm, EICAntS algorithm [12] as
benchmark protocols.

[ Nodes deployment ]

[ Dlscovery Nelghbors

K 'l Discovery Routes ]—’

[ Ants creation I *

v

[ Construct Solution ]

Source

»

Packet
Forward

Solution Evaluation
(Cost Function, route
evaluation index)

\.
) L

e

Update Pheromone ] Back-
~ ward Data
ant Transmission

«
L No :
Termination ;
Condition i

Yes S

Destination

Figure 2: Overview Block Diagram demonstrating the Proposed ACO based
Routing Algorithm Operation

The simulation parameters are based on the repeated tests and
on the basis of simulation analysis of various parameters and set
asta =1, =1,y =1, p = 0.05. More parameters are provided in
the Table 1.

The proposed system is supporting a mechanism permitting the
selection of the best cost route for information communication
from the source node to the destination, the base station. The
network’s parameters are dynamically adjusted to the network
evolution, the growing number of nodes, the changed environment
issues due to mobility, and outstanding node energy.
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Table 1: Simulation Parameters

Parameters Values
Simulation Region 100mx100m
Number of Nodes 40,50,60,70,80,90,100
T 100
No. of ants 40
Initial energy per node 0.5 joule
Node speed 2 m/s~5m/s
Message bits transmitted | 4000 bits
Transmission distance 50 m

In Figure 3, for the proposed ACO based routing protocol and
for the traditional ACO based protocol, the comparison of the node
energy consumption per transmission is shown. The considerable
improvement is shown for the proposed method. For majority of
the nodes, contrasted with the conventional protocol, the proposed
method has smaller energy consumption, almost 50% less. The
proposed calculation has presented noticeable refinement for the
total energy consumed of each node for individual discovery for
the routes, contrasted with the benchmark protocol.

Energy Consumption of Node

1000
— 800
S Proposed
= 600 ACO
S 400 Algorithm
c
o200 [ITCVTENWOWE. . ... Traditional
0 ACO
Algorithm

200

Transmission

Figure 3: Comparison of node energy consumption per transmission

Node Energy Consumption

1000 Proposed

800 I ACO based
? , , routing
= 600 M Wi e protocol
)
S 400 ! — = = Traditional
& ACO based

200 protocol

0
0 100 200 — — EICANtS
Transmission ~ ____. RPL

Figure 4: Comparison of node energy consumption per transmission

From Figure 4, we can see the node energy consumption per
transmission based on improved method proposed here and other
benchmark protocols, based on original ACO, RPL and EICAntS
protocol. It is demonstrated from the evaluation results that
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compared with the other two algorithms, the proposed ACO
algorithm has attained a refinement, a much smaller energy
consumption, almost 50% less.

The average energy consumption for the increasing quantity
of nodes is represented in Figure 5 and Table 2. Figure 5 shows
that the system using the proposed ACO based routing protocol as
a resolution has minimized the average energy consumption,
almost 50% less, by comparing with the original ant colony-based
system, RPL and EICAntS technique. Since the proposed solution
allows the determination of the optimal path for packet
transmissions, and the retransmissions are avoided as well. Also,
this presented method optimizes path selection strategy and
minimizes updating phases. The scalability is maintained by the
proposed system that has attained lower energy utilization
contrasted with the benchmark protocols even when the number of
nodes increases in the network.

Table 2: Average Energy Consumption (mj) with the Number of Nodes for 150

transmissions
No. of Proposed Traditional EICAntS RPL
Nodes | ACO based | ACO based
routing protocol
protocol
40 270.49 545.89 516.65 532.65
50 281.67 570.07 566.42 574.78
60 303.76 620.61 606.97 632.29
70 330.97 650.51 660.42 679.46
80 350.65 686.47 695.87 692.01
90 372.42 739.92 744.55 735.55
100 401.21 791.33 799.01 768.49
Consumed Energy

900

'E 800 —— Proposed

. 700 ACO

:._f 600 Algorithm

5 500 Traditional

?é, 400 ..H“‘A ACO

5 300 Algorithm

2 200

S 100 —e—EICANtS

18]

ap O

(]

o 0 50 100 150

Z —=—RPL

Number of Nodes

Figure 5: Comparison of the average energy consumption
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The effective use of energy lead to increase of network
lifetime. The percentage of survival nodes based on improved
protocol proposed here and the traditional ACO based protocol are
shown in Figure 6 and 7. The issues of ineffectiveness and
uncertainty of the routes are alleviated as the protocol proposed
here takes into account the energetic parameters. The energy
utilization needs to be balanced and the present node energy needs
to be deliberated; otherwise, the node energy is depleted and some
nodes expire. The network lifetime is affected by this. The
proposed approach deliberates the existing energy of the nodes
besides the route path. Employing the suggested enhancement
according to (11), the longevity, i.e. the nodes’ lifetime and
lifetime of the network, is increased by the offered ACO based
technique.

Operating Nodes per Round

100

90

8O

ior

60

50

40

Operational Nodes

301

201

or

o L L L L L
1000 1500 2000 2500 3000 3600

Rounds

L
0 500

Figure 6: The percentage of survival nodes for the proposed method

Operating Nodes per Round

100

90

80

Tor

60

50

40

Operational Nodes

30

201

o 200 400 600 800 1000 1200
Rounds

Figure 7: The percentage of survival nodes for the traditional ACO based
protocol

We can see from the Table 3 and in the Figure 8 that the
average end-to-end delay increases with an increase in the number
of nodes. Route discovery and path selection stages affect this
parameter, which are instated all the more regularly with an
imperative number of nodes and with the topology evolution
because of mobility of the nodes. Using the proposed algorithm the
route discovery and selection stages are improved and the
repetition problem is minimized when many packets should be
resent to the destination in case the route might not be the best
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always. The proposed system achieved better results with regard
to average end to end delay, almost 40% reduced end to end delay,
compared to the other benchmark techniques.

Table 3: Average End-to-End Delay (ms) with the Number of Nodes using Fitness

We can clearly see from the contrast that the results obtained
are better than the results recorded by the other network.

Table 4: Throughput with the Number of Nodes over the Total Simulation Time

Function
No. of Proposed Traditional EICAntS RPL
Nodes | ACO based | ACO based
routing protocol
protocol
40 159.78 367.41 364.42 370.67
50 203.59 397.57 394.64 382.81
60 250.81 413.22 412.96 410.75
70 263.37 427.28 414.09 425.13
80 299.25 464.68 460.82 455.42
90 312.43 478.52 465.4 466.35
100 327.46 485.86 479.72 488.96
End to end delay

600

é 500 —&— Proposed ACO

& 400 #f" Algorithm

S 300 Traditional

e ACO Algorithm

o 200

]

; 100 —&— EICANtS

c

o 0

® o so 100 150 = RPL

g No. of Nodes

<

Figure 8: Evolution of average end to end delay with the number of nodes using
fitness function

Throughput results are presented in Table 4 and depicted in
Figure 9. The quantity of digital data, over a physical or logical
connection per time unit, is the measure of the throughput in sensor
networks. It is measured in bits/s or bps (bits per second),
occasionally in per-second data packets or in per time-slot data
packets. It can be defined mathematically, as the total number of

packets delivered over the total simulation time:
Throughput = N / Total simulation time (12)

where N is the number of bits received successfully by all
destinations.
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No. of | Simulation | Simulation | Proposed | EICAntS
Nodes Time Time Algorithm
(Proposed | (EICAntS)
Algorithm)
40 42 sec. 42 sec. 3809.52 975.24
(bps) (bps)
50 45 sec. 45 sec. 4445 .45 1137.78
(bps) (bps)
60 48 sec. 49 sec. 5000 (bps) | 1253.88
(bps)
70 51 sec. 51 sec. 5490.196 1405.49
(bps) (bps)
80 54 sec. 53 sec. 5925.93 1545.66
(bps) (bps)
90 55 sec. 55 sec. 6545.45 1675.63
(bps) (bps)
100 57 sec. 57 sec. 7017.54 1796.49
(bps) (bps)
Throughput
8000
7000
“» 6000
ry
= 5000
a 4000 —#&— Proposed ACO
ey .
) Algorithm
33000
< 2000 EICANtS
1000
0
20 70
No. of Nodes

Figure 9: Throughput for the Proposed ACO and EICAntS algorithm

The calculation of the proposed algorithm in accordance with
the delivery rates of the packets is provided in the Figure 10. The
good results found with the proposed approach, even with an
imperative number of nodes because the system has the capability
that let many packets to send to get to the destination node in short
time.

We can see from the comparison of the best cost as presented
in Figure 11 that the network using proposed protocol has
minimized initialization delay compared to the benchmark
protocols. The network system achieved faster convergence for the
initialization delay to discover the best cost route, which is about
30% improvement in convergence. Current node energy, mobility,
route path, and cost function including route assessment index are
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considered by the proposed method, making it preferable as a
solution for the network system to improve communication
quality. Figure 12 shows that utilizing the route evaluation
calculation, about 60% enhancement can be recorded to find the
optimum path with faster convergence in initialization delay.

Packet Delivery Ratio for the
Proposed Algorithm
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Figure 10: Packet Delivery Rates with the Number of Nodes
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Figure 11: Comparison of the best cost with respect to the number of iterations
(not utilizing fitness function)
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Figure 12: Comparison of the best cost with respect to the number of iterations
using fitness function

4. Conclusions

The popularization of IoT-connected devices enabling
development of IoT applications possess multiple and complex

WWwWw.astesj.com

aspects of IoT while designing efficient communication protocols.
The proposed system has utilized the beneficial features of an ant
colony system to improve the route determination process and
communication quality and mechanism in the context of IoT and
to make IoT network system more scalable under varying load
conditions. The parameters used in the selection of the routes are
dynamically attuned to manage the network’s dynamic condition.
Current node energy, mobility, route path, and cost function
including route assessment index are considered by the proposed
method to enable efficient information communications within
IoT. In the probability formula of ACO algorithm, the energy
factor and the average mobility of the nodes are incorporated as
well. It is demonstrated from the evaluation results that the
proposed ACO Dbased routing algorithm attained faster
convergence for the initialization delay, about 30% improvement
to discover the optimum route, and reduced energy consumption,
of almost 50% less consumed energy even with the increasing
number of nodes, compared with the benchmark algorithms. The
proposed system achieved better results in terms of average end to
end delay, almost 40% reduced end to end delay, compared to the
other standard protocols. Also, it is confirmed that the proposed
protocol as energy efficient method even for scalable networks,
where the performance does not deteriorate abruptly as the number
of nodes increases. Rather, it maintained improved network
performance comparing with the other algorithms from the
benchmark papers.
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