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Abstract— Mobile Ad hoc Network (MANET) is a wireless 

technology that does not need any infrastructure nor 

centralized control. MANET is composed of set of nodes that 

are high in mobility therefore make network topology unstable 

and changeable. This research aims to investigate the 

performance of three routing protocols Optimized Link State 

Routing (OLSR), Temporally Ordered Routing Algorithm 

(TORA) and Gathering based Routing Protocol (GRP) for 

Voice over Internet protocol (VoIP) under different scenarios 

equipped with IEEE 802.11a using a simulation tool called 

OPNET. The performance is evaluated in terms of load, 

average delay, traffic sent, traffic receive and throughput. The 

outcome of this study reveals  that OLSR has performed better 

on the basis of these metrics than GRP and TORA. In fact, 

TORA has showed minimum delay than OLSR and GRP. 

Keywords— MANETs,  OLSR, TORA, GRP, OPNET. 

INTRODUCTION 

Wireless networks are the most useful tool for 
communication nowadays. Communication devices such as 
smart phones, tablets, laptops require wireless technologies 
to access the internet. Wireless technologies such as Mobile 
Adhoc networks (MANETs) offer inexpensive 
communication services and less time consumption rather 
than wired networks. MANETs are consisted of number of 
nodes, each of which works as a sender and a receiver, 
requires no infrastructure either a router to control the flow 
of data. These nodes are randomly located which might be 
fixed or mobile as show in Fig. 1. These factors cause 
changes in  network topology very frequently.[1]  

For MANETs routing protocols are classified in two 
categories: topological based routing protocols and position 
based routing protocols. First, topological based routing 
protocols are  proactive routing protocols and reactive 
routing protocols. Proactive routing protocols Destination 
Sequenced Distance Vector (DSDV) and OLSR are table 
driven. Reactive routing protocols Ad-hoc On demand 
Distance Vector (AODV), Dynamic Source Routing (DSR) 
and Associativity Based Routing (ABR) are on demand 
driven. Some routing protocols have combined features and 
mechanisms of both proactive and reactive routing protocols 
which called hybrid routing protocols such as Zone Routing 
Protocol (ZRP) and TORA. Second, position based routing 
protocols such as GRP and Location-Aided Routing (LAR) 
[2,3]. 

Basically, there are too many performances metrics 
which are considered in advance to evaluate routing 
protocols for better results of the applications. Some of the 

performance metrics such as jitter, packet delay variation, 
packet end to end delay, average delay, traffic sent, traffic 
received, and throughput are used to evaluate the routing 
protocols for some applications such as Video, Voice over 
Internet protocol (VoIP) , and Email. 

VoIP is a technology that allows users to make voice 
calls over the internet instead of using old telephone lines. In 
this paper, the focus is to evaluate the performance of OLSR, 
TORA and GRP for VoIP. The evaluation process is 
considered to show the best routing protocol for VoIP. The 
performance is analyzed using OPNET modeler 14.5 in 
terms of load, average delay, traffic sent, traffic receive and 
throughput. The number of nodes is varying (40, 60, 80). The 
network area size is 1000 x 1000 m

2
. 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Mobile Adhoc Network 

RELATED WORK 

Next paragraphs demonstrate many studies that had been 
carried out to investigate the performance of the routing 
protocols in MANETs with different simulators and 
performance metrics. However, none of the following studies 
have investigated and come up with quantitative results 
revealing the performance of OLSR, TORA and GRP under 
different and large number of nodes which make this study 
novel. 

S. Vasundra and D. Venkatesh (2018) [4] had evaluated 
AODV, DSR and TORA for voice and video traffics using 
simulator NS 2.35. The performance was measured in terms 
of delay, throughput and packet delivery ratio. The number 
of nodes was 50 random positioned nodes. The data rate for 
voice was 256kbps and for video was 512 kbps to 1 mbps. 
The packet size was 1000B. The time for simulation was 200 
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seconds. The results conducted that all protocols offered the 
same packet delay ratio yet DSR showed the most delay 
among all the protocols. Thus, TORA showed better with 
video traffic and smaller average end to end delay than other 
protocols.  

S. Mohammed et al.(2016) [5] had described VoIP over 
OLSR  & TORA used simulator OPNET. The performance 
parameters were end to end delay, jitter, MOS, and 
throughput. The number of nodes in their study was 20, 50 
nodes using two scenarios with random node position. The 
simulation time was 20 minutes. The results showed that 
OLSR was better than TORA for small and large voice 
traffic. 

S. Rajput and B. kaur (2017) [6] had a survey on 
proactive routing protocols (DSDV), reactive routing 
protocols (DSR) and hybrid routing protocols (TORA). The 
performance parameters were throughput, transmission 
delay, bandwidth, jitter, end to end delay, packet delivery 
ratio, media access delay, route overhead, and normalized 
load. The survey showed that DSR is useful in case of 
number of nodes is greater than the number of traffic 
sessions. However, proactive routing protocols continue the 
broadcast of messages, reactive routing protocols do not need 
route discovery leads to less cost. 

Y. Jazayah et al.(2018) [7] had evaluated the 
performance of AODV, DSR, OLSR, and TORA. The 
simulator was OPNET. The performance parameters were 
network overhead, delay and throughput. The number of 
nodes was 12 nodes distributed randomly. TCP is used for 
data transmission. The data size is fixed (100 kb). Simulation 
time is 15 minutes. The outcome of the study showed that in 
terms of delay and network overhead, DSR is the best but 
TORA is the worst. However, AODV is the best but DSR is 
the lowest in terms of throughput among the four tested 
protocols. 

G. Patil et al.(2016) [8] had compared the performance of 
OLSR, AODV, DSR, GRP and TORA with different 
network area size. OPNET was used as a simulator. The 
performance parameters were average routing load, average 
end to end delay and average throughput. The number of 
nodes was fixed which are 50 nodes randomly distributed. 
The network area size was varying from 500 x 500 m2, 1000 
x 1000 m2 and 2000 x 2000 m2. The simulation time was 
600 seconds. The outcome that was carried out showed that 
TORA was the best choice for network load followed by 
DSR, AODV, OLSR and GRP. However, OLSR and GRP 
were the best choices for end to end delay. 

ROUTING PROTOCOLS 

A. Optimized Link State Routing (OLSR) 

It is a proactive routing (table driven) protocol. It uses 
link state algorithm as a mechanism to choose the shortest 
path. It obtains the shortest path to allow all nodes in the 
network to share the information. To overcome flooding, 
OLSR uses Multipoint relay in which nodes send the packets 
specifically to a group of nodes selected called MR nodes. 
MR nodes are responsible for delivering the packets to the 
destination.  Hello message and Topology Control are used 
by nodes to determine the MR nodes, therefore they will be 
able to deliver/retrieve packets cross the network[7].    

B. Temporally Ordered Routing Algorithm (TORA) 

It is an adaptive (on demand) routing protocol. It depends 
on link reversal algorithm. TORA performs three steps: 1) 
route creation, 2) route maintenance, and 3) route erasure.  In 
the network, each node creates a link to every neighbors’ 
node leads to a Directed Acyclic Graph (DAG) which gives 
loop free. Nodes in the network ought to have at least one 
outgoing link, otherwise it’s called a sink node. Sink nodes 
keep reversing their links to every neighbor’s node. As a 
result, all nodes obtain multipath to the destination. Every 
node in the network keeps the neighbors’ node information. 
When the source node needs to send packets, it looks for the 
route in the neighbors’ node information table to create a 
path for the packets to reach the destination. Thus, TORA is 
considered to be both proactive and reactive routing 
protocol[4].     

C. Gathering based Routing Protocol (GRP) 

It is known as a position based protocol. Also, it is a 
proactive routing protocol. The location of the node is 
marked by the Global Positioning System (GPS) and the 
quadrants optimize flooding. The flooding position is 
updates whenever the node moves and crosses the 
neighborhood. The nodes exchange “Hello” protocol to  
identify the position of the neighbors. When the node cannot 
send the packet to the next node, it returns the packet to the 
previous node. It is known as route locking. The network is 
divided into quadrants from Lat, Long (-90,-180) to Lat, 
Long (+90,+180) [19]. A part from actual geographic 
coordinates received by the GPS the other approach followed 
is Reference points in some fixed coordinates system[9] 

PREFORMANCE MATRICS 

 Load: it is the total load in terms of bit/sec that is 
being submitted by higher layers to wireless LAN 
layers in all wireless LAN nodes of the network. 

 Average Delay: it is the average time that will be 
taken by the packet from the sender to the receiver 
across the network.   

 Traffic Sent: it is the amount of packets is being sent 
from the source per second. 

 Traffic Received: it is the amount of packets is being 
received at the destination per second. 

 Throughput: it is the ratio of  data that is being sent 
from the sender to the receiver to the time in seconds 
that is taken until the last packet reaches the 
destination. In simple terms, it is measured in  
bits/sec. 

SIMULATION SETUP AND RESULTS  

In this paper we have evaluated performance of WLAN 

using OLSR , TORA and GRP routing protocol by 

considering Voice , In the  scenarios we have 40 , 60 , 80 

mobile nodes, 11 Mbps is the data rate, node transmission 

power (W) is 0.005 and operational mode is IEEE 802.11a. 

In the first scenario, Network area overlay is 1000 square 

meters. Nodes are placed at random fashion. Random way 

point model is used for the defining the mobility of nodes. 

MANET traffic generation parameter is set to one. The 

simulation time is 1800  seconds for all cases. Table I shows 

parameters that we have chosen for simulation. For the 
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simulation, we have used OPNET 14.5 as a simulator. Our 

network topology is indicated in Fig 2.  

 

 

 
 

 

 

 

 

 

 

 

 

 

Fig. 2. Network Topology  

TABLE I.   SIMULATION PARAMETERS 

Parameters Value 

Simulator OPNET Modeler 14.5 

Number of nodes 40 , 60 ,80 

Simulation area (sq. meter) 1000m X 1000m 

Simulation time(sec) 1800 

Addressing Mode IPV4 

Standard IEEE 802.11a 

Routing Protocols GRP , OLSR , TORA 

Update interval 500000 events 

Mobility Model Random way point 

Traffic Type Voice 

Willingness Default 

Topology hold time (sec) 15.0 

Seeds 128 

Buffer size 256000bits 

Data Rate 11 Mbps 

Transmit power 0.005 

A. Scenario I (40 nodes) 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Throughput for GRP , OLSR ,and TORA for 40 nodes 

Fig. 3 shows the throughput in bits/sec for GRP, OLSR, 
and TORA protocols. GRP shows the least or minimum 
throughput than the other two, however OLSR performs  
better than TORA. 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Load for GRP , OLSR ,and TORA for 40 nodes 

Fig. 4 load (bits/sec) for TORA (Orange) , OLSR(Red),  
and GRP (Blue) with 40 nodes. The figure is direct evidence  
TORA routing protocol shows least network load than OLSR 
and GRP. 

 

 

 

 

 

 

 

 

 

 

Fig. 5. Delay(sec) for GRP , OLSR ,and TORA for 40 nodes 

 

Fig.5 describes the results of Delay(sec) for GRP, OLSR, 
and TORA which shows that OLSR outperforms GRP and 
TORA.  

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Traffic Sent(pkts/sec) for GRP , OLSR ,and TORA for 40 nodes 
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Fig. 6 shows the traffic sent in pkts/sec. It is obvious that 
GRP performs better than TORA and OLSR. 

Fig. 7 shows the control traffic received in pkts/sec for 
GRP, OLSR, and TORA protocols for a wireless LAN 
application. It shows that OLSR protocol performs better 
than the other two. Although GRP does perform well at the 
beginning, later it does not. 

 

 

 

 

 

 

 

 

 

 

Fig. 7. Traffic Received (pkts/sec) for GRP , OLSR ,and TORA for 40 

nodes 

B. Scenario II (60 nodes) 

 

 

 

 

 

 

 

 

 

 
 

Fig. 8. Throughput for GRP , OLSR ,and TORA for 60 nodes 

 

 

 

 

 

 

 

 

 

 

Fig. 9. Load for GRP , OLSR ,and TORA for 60 nodes 

Fig 8 shows the throughput for the entire network. While 
GRP protocol shows the least or minimum throughput 
(400,000 bits/sec) pursued by TORA, OLSR protocol shows 

the highest or maximum value of throughput since it is 
4,000,000 bits/sec. 

Fig.9 shows the three protocols OLSR , TORA and GRP 
for the network load. Here we can see that the maximum 
value of network load that is being handled is less for TORA 
as compared to OLSR and GRP  protocols. 

 

 

 

 

 

 

 

 

 

 

Fig. 10. Delay for GRP , OLSR ,and TORA for 60 nodes 

Fig. 10 shows Wireless LAN Delay for GRP, OLSR, and 
TORA protocols. GRP shows the very small or least delay 
(0.0005 sec) pursued by OLSR. However, TORA protocol 
shows the highest or maximum value of delay which is 80 
sec. 

 

 

 

 

 

 

 

 

 

 

Fig. 11. Traffic Sent(pkts/sec) for GRP , OLSR ,and TORA for 60 nodes 

 

 

 

 

 

 

 

 

 
 

Fig. 12. Traffic Received (pkts/sec) for GRP , OLSR ,and TORA for 60 

nodes 
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Fig. 11 shows the  traffic sent in bits/sec. It is obvious 
that GRP performs better than TORA  and OLSR. 

Fig. 12 shows traffic received in pkts/sec for GRP, 
OLSR, and TORA protocols. It shows that OLSR protocol 
performs better than the other two. Although GRP does 
perform well at the beginning, later it does not. 

C.   Scenario III (80 nodes) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 13. Throughput for GRP , OLSR ,and TORA for 80 nodes 

 

Fig 13 shows the throughput for the entire network. 
TORA protocol shows the least or minimum throughput 
(900,000 bits/sec) pursued by GRP. However, OLSR 
protocol shows the highest or maximum value of throughput 
since it is 9,000,000 bits/sec. 

 

 

 

 

 

 

 

 

 

 

Fig. 14. Load for GRP , OLSR ,and TORA for 80 nodes 

Fig. 14 shows the network load. TORA routing protocol 
shows least network load  pursued by other protocols OLSR 
and GRP. 

Fig. 15 shows Wireless LAN Delay for GRP, OLSR, and 
TORA protocols. GRP shows the very small or the least 
delay (0.0001 sec) pursued by OLSR. However TORA 
protocol shows the highest or the maximum value of delay 
which is 100 seconds. 

Fig. 16 shows the  traffic sent in bits/sec. It is obvious 
that GRP performs better than TORA  and OLSR. 

Fig. 17 shows the traffic received in pkts/sec for GRP, 
OLSR, and TORA protocols. It shows that OLSR protocol 
performs better than the other two.  

 

 

 

 

 

 

 

 

 

 

Fig. 15. Delay for GRP , OLSR ,and TORA for 80 nodes 

 

 

 

 

 

 

 

 

 

 

Fig. 16. Traffic Sent(pkts/sec) for GRP , OLSR ,and TORA for 80 nodes 

 

 

 

 

 

 

 

 

 

 

 

Fig. 17. Traffic Received (pkts/sec) for GRP , OLSR ,and TORA for 80 

nodes 

CONCLUSION AND FUTURE WORK 

In this paper, the three routing protocols OLSR, TORA, 
and GRP were evaluated for VoIP using OPNET simulator 
based on four performance metrics which are load, average 
delay, traffic sent, traffic received and throughput with three 
different number of nodes 40,60,80 equipped with 802.11a 
technology. Simulation results concluded that in terms of 
throughput OLSR is more than GRP in all three scenarios. 
However, Delay is minimum for TORA than GRP and 
OLSR. Overall, OLSR has performed better on the basis of 
these metrics than GRP and TORA. 
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