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1. Abstract
The recent years have shown a massive development in Mobile Ad Hoc ork ET)
technologies and increase in their usages. However, when any n plications
come to the surface, more unpredictable problems come as wel of th the problem

of optimizing energy consumption for the MANET and theigfouting pragocols. Nevertheless,

existing works tries to address the issues for the ener . One of recent works was
proposed by Jabbar et. al in 2017 namely Multi
scheme (MBMA) using OLSR, but it needs

However, in this project we propose an en e

d Mobility-Aware routing
tion for their energy cost.
A-OLSR by adding Ant Bee

Colony (ABC) algorithm to reduce the p nd consumed energy in MBMA-

OLSR. Moreover, we implemented th scheme as an extension to the MATLAB.

Benefits of the innovative scgem %
igt’ mobility model. The simulation results provide

scenarios based on random

evidence of the effective &o enfianced scheme, especially during the high mobility

scenarios with diﬁer% ads where it outperforms the conventional MBMA-OLSR
of

demonstrated and validated under node speed

routing protocol i

tn.

Mobile nodes can handle routing functionality in MANETS, and because they are

rgy related metrics.

Wi des can be deployed anywhere within a defined network (Loo, Mauri et al. 2016).
The robust and efficient operation of mobile nodes is possible through MANETS.
Furthermore, nodes can restructure their own topology, such as when they move from one
place to another. Nodes can enter and leave a network depending on its feasibility. Each
participating node should transfer packets from other nodes. Each node will act as a host and
a router because it must send packets from its neighbor nodes given that nodes have a limited

transmission rangeln this energy-constrained, dynamic, distributed multi-hop environment,
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(Raza, Aftab et al. 2016). Moreover, wireless network became a rapid and challenging
development nowadays (Want, Schilit et al. 2015). The rapid of the mobile devise and
wireless communication through the mobility model will increase the need of the every
mobility device which consider a node for the group of the network, (Perkins 2015). Many
studies address the issues in MANET energy consumption, but challenging and enhancing all
routing energy protocols in MANET still needs improvement (Mukundray and Sharma
2014).

3. RELATED WORKS ON ENERGY ENHANCEMENT SCHEME
Several papers studied and summarized the energy effect in MANET [(Ya et al.
2015, Atif and Sattar 2017, Jabbar, Ismail et al. 2017). OLSR r

re a lot of gnergy when

due to the high energy requirements. Energy-efficient ro
costs computed using a fuzzy logic system (FLS), b
energy cost (Chettibi and Chikhi 2013). Sahnoun
Reliability OLSR prediction-based link availabili
layer parameters effected the energy lifetime#@ln 3

researchers invented energy aware e ultipath routing (EOMR) protocol for

mobile cognitive radio networks,

considering the limitations 8 e @ i
(Kamruzzaman, Fernando N 1-‘ esearchers further utilized Knapsack algorithm in
buffer management with tRe intept of lessening the out-of-order packets and maximizing the

3 e time, this technique utilizes the buffer internals besides
vigorously regul @ er application for the node to broadcast the packets in the
anticipate consecutive nodes. Recent work by Jabbar et al (2017). Proposed
usifng MB ISR to increase the efficiency of the MANET energy. They used a random

waypoint mobility model, but need more investigation about whether their model is feasible

tee the strength and enhance the throughput,

ive radio user’s residual energy and reliability

for the NET energy consumption.

4. A Multipath Battery-Aware Routing Protocol (MBMA)-OLSR

A multipath battery-aware routing protocol (MBA-OLSR) is a hybrid multipath routing
scheme, which inherently uses a proactive mechanism to disseminate and build the topology
information, with some added on Demand mechanisms for differently performing route

computation in situations when there are data packets to send (Jabbar, Ismail et al. 2017). The
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selection of MPRs and the computation of multiple paths by integrating energy and mobility
awareness techniques to reduce the energy consumption and overcome the various challenges
incurred by node’s mobility in MANETs. The structure and functionalities with the
interconnection between different modules of the MBMA-OLSR shown in Figures 2.11. The
MBMA-OLSR should extract the information on node’s MCNR metric, which is included in
HELLO and TC messages to make nodes aware of their medium during topology sensing.

Therefore, the Multipath Dijkstra Algorithm is utilized to discovery various rou

direction of the target, therefore adjusting flooding of topology information. T

cost functions such as specified in explicitly; fe and fp be present utilize ication
the cost of links among nodes with the purpose of produce multiple joifit o i t joint
pathways.
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Figure 2.11 Original algorithm of Jabbar
Source : Jabbar et.al (2017)
5. MBMA-OLSR Energy Enhancement Scheme Based On ABC.

We considered the design from the previous work obstacles and explore their solutions. The

theoretical design of the methodology was achieved by proving the design through
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simulation using MATLAB, analyzing the design with a design algorithm, and finalizing the
results. The routing protocol is useful for repairing the breakage in the local link between
multiple nodes. The protocol employs the ABC foraging approach for this purpose. Through
this approach, additional new local RREQs are initiated to the corresponding local
destination, resulting in reduce network overhead. The approach adopted in this study is

similar to the ABC foraging approach as explained below: a failure node, which is analogous

to the exhausted food source in a bee colony, is implemented.
( Start Phase of maintenance route )

C Initial node position )

Calculate the fitness of
local route

ate fitness
ecal route

he link break betweer;
MBMA- OLSR Nodeg

—»CDetermine target node by employed bees

r

CCalculate the fitness of

local route ) \
Selection ( Calculate the fitness of local route )
3

Determine Fitness of /node by onlookers
bees

Failure (i)> Limit

Are termination criteria
satisfied

C Final node position )

Figure 3.2 ABC architecture over MBMA-OLSR
The breakage in a link between nodes is implemented and treated as a path to the exhausted

food source that is no longer used by the bees. The hive is constructed at the intermediate
node that discovers the breakage in link followed by assigning the node after failure node as
the targeted node. This node forms the scouts responsible for discovering new food sources
by bypassing the failure nodes by means of locally issued route request. The information
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about the nectar is carried back through the route reply by the node after the failed node.
The radius of the hive is implemented by the maximum hop count of the local route request.

6. Simulation scenario

A waypoints mobility model was used based on Jabbar’s scheme and node speed was used as
the main scenario for the all adopted metrics. Speed nodes with waypoints tend to cross the
center of the when speed decaying. This scenario evaluates and compares the performance of
ABC-MBMA-OLSR and MBMA-OLSR based on the highest speed of mobile n

speed of nodes represents one of the main parameters in evaluation stu
schemes in MANETs. The effectiveness of the mobility awarene th

techniques in ABC-MBMA-OLSR was evaluated by consi obmlity-related
parameters. The maximum speed in the waypoints mobility m as u specify the
maximum way point speed of nodes and it was changed fromf@ m/s t /s while the pause

time duration was kept constant at 60 seconds. An e or the simulation scenario

route =
1 10 ] 3 b

Packet Lost

ration over 49 nodes.

34

Elapsed time 1. 2448 seconds.

{\ .

.3: Snapshot for the MATLAB simulation

It has impertantito kgow about the s radius (communication range) and number of
nodes as a ameters and returns number of hops. NODE is considered as a global
Y B@"Which contains variables to store in routing table such as number of Hops,

outing information) and state of the node. However, ABC will calculate the

shortestpath for the OLSR nodes by using ABC privileges for scout bee searching to find the
number of hops is assigned for 49 nodes of MBMA-OLSR. Then, it will in dancing area and
gathering information that is repeated throughout the whole network- which is routing table
till find the optimal solution. Of the core functionalities in ABC- MBMA-OLSR, topology
sensing. The key function of the topology sensing is to provide the nodes with information
about the network’s topology and the benefits from MPRs as mentioned earlier. It includes

link sensing, neighbor detection and topology discovery.
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6.1 Simulation Parameters

The ABC-MBMA-OLSR topology where 49 mobile nodes. The position of nodes is only an
initial position and they will move randomly based on the mobility model. In order to
simulate MANETSs with heavy traffic loads, the corner nodes and the mid-nodes on each side
are chosen as sources and destinations. In addition, 12 parameters have used from Jabbar’s
scheme for their original MBMA-OLSR topology. MBMA-OLSR have used as a routing
protocol in MATLAB to prepare it for the hybrid model with ABC. Three numbe
used as well for the ABC-MBMA-OLSR. The maximum number of bi
transmitted is defend by the total battery energy divided by the required

are four states for the mobile node in a wireless network: transmit and sleep.

Each state consumes a particular amount of power (P transmit ,P Pidel sleep). 1N our
imate the consumed
spent. The strength of the

simulation enrichment proposed and their designed Qi presented in Table 3.1.

Parameter

Routing Protocol

No. of paths

Incremental cost function fp(c) = 3c fe(c) = 2c

Link Layer Notificatio% Yes
Packet Size \ 512 byte
Applications traffic CBR
ner Generic: Ptrans = 1400 mW ,Prec = 1000 mW
Pldle = 0 mW PSleep = 0 mW Supply voltage 5.0 Volts
I
tery Medel

E
8 Transmi nal Power Pt = 31.623 mW
G Linear Battery Model

~N oo o1 A~ W N -

10 Mobility RWP, Min speed 10, Max speed 60 m/ s, pause time 60 sec
Path loss Model Two Ray
12 Node numbers 49 nodes

6.2 Simulation Metrics
The objective of the experiments with the MATLAB simulator is to validate and evaluate the
performance of ABC -MBMA OLSR routing scheme in terms of energy efficiency, by

analyzing the following performance metrics:
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6.2.1 Throughput.

Throughput defined as the total number of bits successfully received at the server within a

definite time duration. The throughput at the receiver can be calculated as follows.

Thl’OUghpUt — Total byt(ets :e;:eivede (3 1)
-f

Where tf is the time of first packet received, and t represents either the time of last packet

received.

6.2.2 Average end-to-end delay.

End-to-End delay is the amount of time required for a packet to travel frgi the so until it

reaches its destination. Typically, it can be calculated by:
Average ETE delay= > (arrival_time - sent_time) 2)
S mumber_of _connections <
r

The most common measurement unit is milliseconds and | y important, depending on

the use of a network, for this value to be small. In reg@

“‘ ter a protocol is performing.

to routing protocols the smaller the end-to-end defa

6.2.3 Packets Drop.

It refers to the total empirical probabilityof paekets drop as shown below equation:

%

NO.of packet sensNO. e

ed
Noof e )*100 (3.3)

Packet Loss= (

6.2.4 Energy cost.

The cost associatedaau

incremental cost @
network a st b associated with channel acquisition:

Energy Cost=m X size + b (3.4)

acket at a node, M is represented as the total of

naldto the packet size which resulted in more congestion in the

So formula can be write as follow:

Energy Cost = mg,,q X Size send + bseng + Ynes(Myecy X Size resived + bypeyy)

S= set of nodes within transmission range of transmuting node.
Mgeonq and bg.,q = incremental and fixed cost for sending the broadcast packet.
M., and b,..., = incremental and fixed cost for receiving the broadcast packet.

6.2.5 Energy consumption:
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It specifies the average of remaining charge of all batteries attached to nodes at the end of
simulation time. It can be calculated as follows:
. 1 n .
Energy Consumption = — 2., RB() (3.5)
Where RB is the residual battery energy of node, i at the end of simulation, and n is the total

number of nodes in the network.

6.2.6 Packet Delivery Ratio (PDR).

Packet Delivery Ratio, The result of the computation of the successfully deliv acket

a destination, by the number of packets sent. The greater this figure is, the r

protocol performs.A general formula for calculating packet deli ntage is

very rati@\as
as follows:
PDR = Z—gpﬁzeﬁeﬂwg (3.6)

7. SIMULATION RESULTS.

7.1 Throughput.

The data are plotted in Figure 4.1, which sh the t puyt comparison of MBMA-OLSR

and MBMA-OLSR (ABC). The figure sh thagt ut of ABC-MBMA-OLSR, which

is higher than that of MBMA-OLSR. cause ABC-MBMA-OLSR fitness value is

mainly based on energy con*mp culating the route which has minimum energy

consumption. Hence, more & ivered to the base station and the network can
rithr sh

operate longer. The hybri s an increase of approximately 40% of throughput

compared to the M SR"algorithm.. As known, MPRs are selected to build routes

I rate sed by the frequent link breakage. Nonetheless, once the packets reach their
des iog”without any delay and without any drop, the channel bandwidth is utilized

properly, thereby leading to high throughput.
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Throughput for varying nodes speed
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Figure 4.1 Throughput for varyinggdodes spee

7.2 Average End-to-End Delay

The speed of nodes is varied from 10m/sec to 60g¥/seg at¥an ement of 5 m/sec and the

simulation is run for 200 seconds as shown in HIg @
the nodes leads to increase in delay and the
which also tend to increase the end togen y.

and tend to repair the link quickly

gspectively. Increase in speed of
e increase due to failure links
-MBMA-OLSR is highly fault tolerant

reddiees the transmission time. As a result, the

average end-to-end delay in‘AB -OLSR and under mobility scenarios is always

higher than it is in MBMA-Q,

ay for varying nodes speed

— — —
/.7
1 P
0.5 = - -
0
10 20 30 40 50 60

Node Speed [m/sec]
—#— MBMA-OLSR  —&—ABC-MBMA-OLSR

Figure 4.2 Delay for varying nodes speed.
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7.3 Packets Drop
Packets drop is one of the important performance metric to analyze the performance of
algorithms. The packet drop increase with increase in number of dead nodes. Since hybrid
algorithm considers energy consumption as the fitness function hence it reduces the number
of packets drop which is presented in the table below. The increase in mobility allow the
nodes to find the forwarder node quickly so the packet drop reduces with increase in speed of
node. The graph shows that the number of packet drop in ABC-MBMA-OLSR is than
that of MBMA-OLSR by around 40% approximately as shown in Figure 4.3 respectiv

Packet Drop for varying nodes speed

500

S
[
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(%)
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o
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(o]
—o— SR%) —+—ABC-MBMA-OLSR
L

M
Figure \ agket for varying nodes speed
th

opology sensing is to provide the nodes with information

nd the benefits from MPRs. ABC Route selection is performed

awareness techniques from the proposed ABC-MBMA-OLSR routing scheme is obvious
based on the number of packet drops due to the retransmission limit in the MAC layer. The
ABC-MBMA-OLSR seemed to benefit from its mobility awareness swarm nature in
minimizing the number of retransmission trails of packets when link failure occurred due to

the high speed of mobile nodes.



PS-FTSM-2018-027

7.4 Energy Cost

The Figure 4.4 shows the comparison of Energy Cost with varying speed of the mobile
nodes. The ABC-MBMA-OLSR tends to have less energy cost than that of MBMA-OLSR.
The energy cost is the ratio of the average energy consumption to the receive packets.
Furthermore, the ABC-MBMA-OLSR considers the status of nodes in terms of energy cost
and speed to select the MPR set using EMA-MPR and discover the most stable routes to the

destination based on the MCNR. Therefore, it reduces the total energy cost d

transmission. Consequently, it decreases the energy cost per packet and achi
cost compared to the MBMA-OLSR-which depends more on the energ s in
the static and low mobility scenario not as ABC shortest path mechanism , ecomes an

energy-aware scheme rather than a mobility-aware routing schem

Energy Cost for varying node

Ecost [mAh]

10 20 40 50 60

* e Speed [m/sec]
m- —o— ABC-MBMA-OLSR

Energy cost for varying nodes speed.

re 4.
7.5 Packet tio
el atio (PDR) is the ratio of the total packet received over the total packet

Pa

sent. The ABC-MBMA-OLSR algorithm tends to have a stable packet delivery ratio of 90%
and or all the mobility conditions. This shows that hybrid algorithm behaves perfectly
during all the conditions and is aware of broken links and provides repair to increase the
delivery ratio. The graph shows that hybrid algorithm has higher delivery ratio than that of
MBMA-OLSR algorithm and performs well at all the speed conditions. These results

collected in Figure 4.5.
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PDR for varying nodes speed
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Figure 4.5 PDR for varying no

7.6 Energy Consumption

As shown in Table 4.6 and Figure 4.6 respe A-OLSR finds the optimized
route depending upon the minimu mption among the routes. Since our

algorithm focuses on energy consumpti
of ABC-MBMA-OLSR is lesg tha

ph shows that average energy consumption
BMA-OLSR. The routes are established taking
into turns among the nodes S suming less energy from source to destination.
This tends to increase th@, lifetime ©f the network. In ABC-MBMA-OLSR, less energy is

consumed during the omputation and flooding of topological information because it

selects the shorte

messages and*fagya
en on @ N a

ility el, each node moves away from its current path with time, and this imposes

ode$ with low speed and high residual battery to exchange control
e data packets to the destination. As a result, there is a balance in the

an increase in the average residual battery capacity. Based on the

mo exity on the route computation process to discover new routes. In addition, MPR
nodes consume their energy resources faster than other nodes since they have to forward the
packet from their selectors to other nodes, and also relay data packets intended to their

selectors.
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Energy Consumption for varying nodes speed
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Figure 4.6  Energy Consumption for varyifig nod eed.

7.7 Metrics Comparison

After done all the comparative analysis with exis abbar. We need to know
which is the highest metrics have achieved. We ¢ ngrgy conception have achieved
less usage When located at node speed of 60 E t has achieved a good results
and better than Jabbar work also in nod&g0 a
While for the PDR and throughput 4

in different node speed mobilit

own in Table 4.1 and Table 4.2 respectively.
igh satiability numerical results when applied
ay model.E22 it shows the lowest metric in term
of network performance - g our energy results is feasible enough ,which led

| for this research thesis.

e4.1 ABC- MBMA-OLSR results

to achieved the objectives

78315.52

1.805102 1.560682 | 79.45395804 54.84739

77250.56 1.835797 218 1.655173 | 80.34169497 55.18877

30 74956.80 2.316325 210 1.681515 81.5718355 55.27814
40 71925.76 2.404192 200 1.688767 | 82.51604916 55.28256
50 67174.40 2.518873 158 1.726281 | 87.67282578 55.35245

60 48250.88 2.601642 173 1.783851 88.004385 56.26493
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10 97484.80 | 0.504210 133 0.866034 | 96.53548532 51.55498

20 96665.60 | 0.686662 128 0.898900 | 96.64994197 51.79546

30 95109.12 | 0.687420 114 0902598 | 97.8224247 53.20118

40 9486336 | 0.694284 107 0.905415 | 98.40877343

50 93798.40 | 0.921760 101 0910181 | 9891126603

60 92733.44 | 0.973651 82 0.943181 99.9

Table42 MBMA-OLSR FQ

8.CONTRIBUTION OF RESEARCH
This research focuses on the development k to reduce the energy cost for
the. The objectives of this research arg,a hase one: Enhancing the exiting energy

scheme of Jabbar et al. (2017) achievedSghe first objectives of this research using the bio

influence intelligence moverent C for the best selection path for the MBMA-
OLSR over MANET. Phase tion was performed for the enhanced scheme in
terms of throughput, average“end-to-end delay, drop packets, packet delivery ratio, energy

cost and energy con . The energy cost and energy consumption metrics showed a
feasible result i
results wer @i for the second objective of this thesis. The future works will consecrate
of tum from the inspiration of the swarm intelligence. However, a Grey Wolf

Optimizer (GWO) algorithm may
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