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Abstract: - Mobile ad hoc networks are designed to work in environments, where the terrains have 
unpredictable obstacles such as hills, water bodies, buildings or regions without any nodes. In the mobile ad 
hoc network, the mobile nodes use the directional antennas to achieve high spatial reuse. If the nodes with 
the directional beam move, then the obstacles may come between the communicating nodes. The link 
quality deteriorates resulting in link break, causing disruption in the communication. This paper proposes a 
scheme, which allows the mobile nodes to maintain the link in an irregular terrain by dynamically changing 
antenna mode from directional to omni. The proposed model has been simulated using Qualnet simulator 
(version 4.5). The simulation results shown that the proposed model is improved the network performance 
in terms of packet delivery ratio, number of link breaks and number of hops. 
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I. INTRODUCTION 
 
A Mobile Ad Hoc Network(MANET) is an 
autonomous system of mobile nodes, where each 
node can act as a source, sink and router. These 
networks can provide a temporary wireless 
network capability in scenarios, where fixed 
infrastructures are lacking and are expensive or 
infeasible to deploy. Traditionally MANETs use 
the omni antennas. However, the usage of the 
directional antennas can reduce the radio 
interferences, thereby improving the network 
throughput [1]. In the MANET, two mobile 
nodes which are outside the wireless 
transmission range of each other can still be able 
to communicate. This is done with the help of 
other mobile nodes in the vicinity, which are 
willing forward the data packets.  

 
The radio channel places fundamental limitations 
on the performance of the wireless networks. 
The transmission path between the transmitter 
and receiver can be line of sight. On the other 

hand, it can be severely obstructed by buildings, 
mountains and foliage. The radio transmission in 
the MANET normally takes place over the 
irregular terrain. If a node communicates using 
the directional antenna mode moves towards an 
obstruction, the signal strength of the link will 
down. In this case, the transmitting node finds 
other nodes in its transmission range to route the 
data packets. In the directional mode, the 
coverage area is too narrow, so the number of 
nodes in the transmission range is very less, 
whereas in the omni antenna mode, it can find 
more nodes, because of wider coverage area.  
 
This paper proposes a new scheme in which, 
when a node senses a link failure, it switches 
from the directional to omni mode to maintain 
the failing link. The node goes back to 
directional mode once the link quality improves. 
The remainder of this paper is organized as 
follows: Section II reviews the related work. 
Antenna mode selection schemes are discussed 
in section III. Section IV discusses about the 



 

simulation environment and methodology. The 
simulation results are presented in section V. 
Section VI concludes our research work. 

II. RELATED WORK 

 
The MANETs are designed to deal with limited 
connectivity among the mobile nodes due to 
mobility, short range radios or terrain obstacles. 
The idea of deploying additional advantaged 
nodes to improve communication has been 
explored in wireless networks [2]. In [3], the 
advantaged nodes are provided with directional 
antenna capability to further enhance the 
delivery performance. In [2-3], a certain number 
of advantaged nodes are deployed to improve the 
communication capability of the network. These 
nodes are computing devices that are equipped 
with the directional antenna, wireless interfaces 
and storage. These advantaged nodes participate 
in the routing scheme used by regular nodes. 
In[4], standby nodes are used as relaying nodes 
between two mobile nodes, which are invisible 
to each other. If there is an obstacle obstructing, 
the direct communication between two mobile 
nodes, then a set of standby nodes are needed for 
communication (with a large number of 
obstacles, there may be many standby nodes in 
the network). This algorithm also tries to find the 
minimum number of standby nodes required to 
provide the connectivity. In [2-3], advantaged 
nodes are used and [4] use standby nodes. Our 
scheme uses the neighboring nodes, which are 
free. This avoids the overhead of maintaining 
advantaged or standby nodes. In [5], a geo-
casting protocol is used for sending short 
message from the source to geo casting region in 
the MANET. It keeps the messages away from 
the unpredictable obstacles and creates a small 
flooding region. Our scheme works in MAC 
layer. In an obstacle free environment, the nodes 
communicate using directional antennas to 
achieve high spatial reuse. If an obstacle is 
encountered, then the routing algorithm tries to 
find an alternate path to the destination through 
the neighbouring node [6]. At this point, the 
antenna is switched from the directional to omni 
antenna mode, which increases the probability of 
finding the neighbouring nodes. 

III. ANTENNA MODE SELECTION SCHEME 

 
The antenna system offers two modes of 
operations such as omni and directional. The 
omni antennas have a similar radiation pattern in 
all directions. These antennas provide a 360 

degree horizontal radiation pattern. They are 
used when the coverage is required in all the 
directions (horizontally) from the antenna with 
varying degrees of vertical coverage. It covers 
more area near the wireless node in order to 
increase the probability of transmitting or 
receiving the signal in a multipath environment. 
 
The directional antennas focus the RF energy in 
a particular direction. As the gain of a directional 
antenna increases, the coverage distance 
increases, but the effective coverage angle 
decreases. For directional antennas, the main 
lobes are pushed in a certain direction and little 
energy is there on the back lobe of the antenna. 
The angular coverage is less, so it cannot cover 
large area. 
 
In the proposed scheme, a node monitors the link 
quality. If the link quality is good, then the node 
communicates with the destination by using 
directional antenna mode. If the link quality 
deteriorates, due to the obstacles, then the node 
switches to omni antenna mode to maintain the 
link. 

IV. SIMULATION ENVIRONMENT AND 

METHODOLOGY 

 
This section discusses the simulation of 
MANETs by using the simulator called Qualnet 
version 4.5[7]. The simulation environment is a 
1,500 m X 1,500 m area, where 10 mobile nodes 
are placed as shown in Figure 1. Node 1 is the 
transmitter and node 7 is the receiver. The 
simulation area is loaded with an irregular terrain 
using the irregular terrain model [8]. CBR/UDP 
traffic is set between the nodes 1 and 7 and 
AODV routing protocol is used. Table I gives 
the detailed simulation parameters. The proposed 
model is simulated under four scenarios as 
follows:  

A. Stationery nodes with the Omni antenna   

 
The nodes are kept stationery with an irregular 
terrain loaded on the scenario. The distance 
between node 1 and node 7 is increased in steps 
of 50 m. It calculates the parameters such as 
packet delivery ratio, number of link breaks at 
the transmitter, and hop counts required by the 
transmitter to reach the receiver. These 
parameters are calculated by using the omni 
antenna mode.   



 

B. Stationery nodes with the directional 
antenna 

 
In this scenario, the nodes are kept stationery 
with an irregular terrain. The distance between 
the node 1 and node 7 are increased in steps of 
50m. The packet delivery ratio and number of 
link breaks parameters are calculated by using 
directional antenna at the transmitter. The 
number of hops required by the transmitter to 
reach the receiver is also measured. These 
parameters are calculated for directional antenna.  

C. Mobile nodes with the omni antenna  

 
The nodes are made to move over an irregular 
terrain. The simulation is executed for five 
different mobility levels as shown in Table II. By 
using omni antenna, the simulator calculates the 
hop count, packet delivery ratio and number of 
link breaks.  

D. Mobile nodes with the directional antenna 

 
In this section, the nodes are mobile with an 
irregular terrain loaded on the scenario. The 
simulation is run for five different mobility 
levels as shown in Table II. Here, we calculate 
the packet delivery ratio, number of link breaks 
and hop count by considering the directional 
antenna mode.  

V. PERFORMANCE EVALUATION 

 
This section analyses the network performance 
of four different scenarios. The packet delivery 
ratio, number of link breaks and number of hop 
counts are used as metrics to evaluate the 
network performance.  

A. Stationery nodes with different antenna 
modes 

 
In this scenario, the distance between the source 
and destination is increased in steps of 50m. The 
gap of 50m to 250m is an obstacle free terrain, 
after that the source and destination encounter an 
obstacle. In Figure 2, it can be seen that the 
source node maintains 100% packet delivery 
ratio up to 250m (obstacle free terrain) under 
both omni and directional antenna modes. After 
250m, the source encounters the obstacle. With 
directional mode its packet delivery ratio drops 
and varies in the range of 40% to 60%, whereas 
if the node switches to the omni antenna mode it 
can still maintain 100% packet delivery ratio. 

In Figure 3, if the source and destination nodes 
are in an obstacle free terrain (50m gap to 250m 
gap), then the number of link breaks at the 
source is 0 for both directional antenna and omni 
antenna modes. When the nodes encounter the 
obstacle (300m to 500m gap) the omni antenna 
mode maintains the link without any break, 
whereas in the directional mode the link breaks 
up to 4 times. 
 
If the source and destination nodes are in the 
obstacle free terrain (50m gap to 250m gap), the 
number of hop counts from the source to 
destination is 1. This happens for both 
directional antenna and omni antenna modes as 
shown in Figure 4. It means that there is a direct 
link between the source and destination nodes. If 
the nodes encounter an obstacle (300m to 500m 
gap), then the number hop counts in omni 
antenna mode increases up to 3. In the 
directional mode, the number of hop count 
increases up to 9. 

B. Mobile nodes with different antenna modes 

The node with omni antenna mode has higher 
packet delivery ratio compared to the directional 
mode under all five mobility levels. At mobility 
level ML-5, the packet delivery ratio in both the 
modes drop, but still the omni antenna mode 
performs better with 80% delivery as compared 
to 60% in case of directional mode as shown in 
Figure 5. In Figure 6, the mobile nodes with the 
omni antenna mode do not have any link breaks 
in the first four mobility levels, whereas in 
mobility level ML-5, it has 1 link break. The 
number of link breaks in the directional antenna 
mode is higher than that in omni antenna mode 
in all the mobility levels. In Figure 7 the number 
of hop counts in omni antenna mode is less than 
directional antenna mode under all the five 
mobility levels. It means that under omni 
antenna mode the source node finds a shorter 
path to the destination when compared to 
directional antenna mode. If the node moves 
towards an obstacle, then switching from the 
directional to omni antenna mode provides better 
packet delivery ratio, less number of link breaks 
and less number of hop counts. This happens 
because when a node switches to omni mode it 
has more coverage area near it. The routing 
protocol has more chance of finding neighbour 
nodes in the vicinity and route the packets 
around the obstacles. 

VI. CONCLUSIONS 

 



 

This paper proposes an antenna mode selection 
scheme for MANETs and investigates its 
performance by using Qualnet(V4.5). The aim of 
this work is to improve the performance of 
MANETs on irregular terrain with unpredictable 
obstacles. The simulation results show that if a 
node encounters an obstacle, then it can switch to 
omni antenna mode to maintain the failing links. 
This improves the packet delivery ratio and 
reduces the number of link breaks as well as 
number of hop counts. The proposed model 
works on the principle that when a node switches 
to omni antenna mode it has more coverage in its 
vicinity. The routing protocol has more 
probability of finding neighbour nodes in the 
vicinity and route the data packets around the 
obstacle.  
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TABLE I.  SIMULATION PARAMETERS.  

Simulation parameter  Simulation value 

Simulation time 1,000 sec 

Traffic type CBR 

CBR packet size 512 Bytes 

No of packets transmitted 100 

Routing protocol AODV 

Propagation model ITM 

Terrain data format Cartesian 

Mobility model Random Waypoint 

Topology 1500m X1500m 
 

TABLE  II. MOBILITY LEVELS. 

SN 
Mobility Levels 

Mobility Type 
Min. Speed in   

Mbps 
Max. Speed in Mbps 

1 Walker’s speed (ML-1) 0 5 
2 Jogger’s speed (ML-2) 5 10 
3 Runner’s speed (ML3) 10 15 
4 Slow moving vehicle speed 

(ML-4) 
15 20 

5 Medium moving vehicle speed 
(ML-5) 

20 25 

 

 

Figure 1. Network topology. 
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Figure 2. Effect of antenna mode on packet delivery ratio. 
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Figure 3. Effect of antenna mode on link break. 
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Figure  4. Effect of antenna mode on hop count. 



 

0

20

40

60

80

100

120

ML-1 ML-2 ML-3 ML-4 ML-5

mobility level

pa
ck

et
 d

el
iv

er
y 

ra
tio

omni

directional

 
Figure 5. Effect of antenna mode on packet delivery ratio. 
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Figure 6. Effect of antenna mode on link break. 
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Figure 7. Effect of antenna mode on hop count. 


