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In Ad Hoc Communication Networks, the shared wireless channel is responsible for decrease in Throughput and increase 
in Packet Loss and Collisions during Data transmission.  Directional Antennas can be used instead of Omni-directional 
Antennas to reduce the collisions during data transmission, and thereby improve the network throughput. In this paper, we 
propose a PLBU Routing Protocol for Ad Hoc Communication Networks. Directional MAC Protocol has been used instead 
of 802.11 MAC, along with Power and Rate Control Mechanisms to help deal with the collision and interference problems 
among signals and simultaneously improve the Throughput by adapting to the channel behavior. The Preferred Link-Based 
Unified (PLBU) Routing Protocol has been designed and validated using Cinderella SDL tool. A simulation study of the 
designed protocol is performed in NS2 to demonstrate its better network performance over AODV in Ad Hoc Networks. 

INTRODUCTION 
Ad Hoc Networks have gained great significance in recent 
years with implementation in Traditional applications like Mil-
itary operations, Emergency and Rescue operations, and com-
mercial applications for voice and data communication. Ad 
Hoc networks can also be used as an alternative to existing 
cellular networks in remote locations.

Communication protocols which are being used with present 
Wired and Wireless networks cannot be suitably used with 
ad hoc networks because of its high dynamics and infrastruc-
ture-less systems. Some protocols are the enhanced and modi-
fied version of the previously used protocols.

The protocols being developed or modified for the ad hoc 
networks consist of Omni-directional antennas. These anten-
nas transmit in all directions at the same time. This causes col-
lision and interference with other data transmissions. It also 
causes the other nodes to wait for the present transmission to 
get over, thereby increasing the wait time and thus reducing 
the bandwidth efficiency. Directional antennas can be used in-
stead of the Omni-directional antennas which will reduce in-
terference and collisions and this improve the throughput and 
bandwidth efficiency.

Directional MAC protocol is a Data-link layer protocol for ad 
hoc communication networks with nodes (transmitters and 
receivers) having ‘N’ directional antennas, so that the cover-
age region is divided equally into 2π/N radians. This increases 
the network throughput and improves bandwidth efficiency. It 
also reduces the number of packets lost due to collisions and 
interference.

Auto-Rate MAC (RBAR) protocol can be incorporated with all 
the existing MAC protocols to dynamically change the data 
rates based on the channel conditions so as to achieve opti-
mum throughput. The Power Control MAC (PCM) protocol 
is used to control the power utilized in transmission of data 
packets. RBAR and PCM protocols are incorporated in D-MAC 
protocol for Rate and Power control. 

Preferred Link-Based Unified (PLBU) Routing Protocol can be 
used both for unicast and multicast. The protocol forwards 
RouteRequest (RReq) packets to the nearby nodes based on 
Link Stability, which is being calculated by the power levels 
of received periodic beacon signals. The integrated use of 
PLBU Routing and D-MAC protocol results in improvement of 
Throughput to the Network and Bandwidth Efficiency.

The detailed structure of this paper is as follows. Section II 
presents the Literature Survey and section III discusses the de-
tailed design of the PLBU Routing Protocol. Following this, the 
designed protocol has been simulated by creating Ad Hoc Sce-
narios in section IV. Section V deals with the results obtained 
after the simulation of Protocol, and section VI highlights on 
Conclusion and Future Scope of the carried out Work.

LITERATURE SURVEY
Directional MAC Protocol and Preferred Link-Based Unified 
Routing Protocol have been studied and analyzed in various 
fields of Wireless Communication and Ad Hoc Network-
ing. The Directional behavior of this protocol improves the 
throughput of the system by reducing interference and colli-
sion. A combined proactive multi-channel MAC and routing 
protocol has been studied and analyzed in [1]. Similar work 
has been carried out in [2]. Reference [3] was the first to im-
plement smart antennas in MAC protocol and showed im-
provement in performance. 

The initial research related to use of Directional Antennas in 
Ad Hoc Communication Networks, as shown in [9], [10] and 
[11] deals with the modified RTS/CTS exchange and blockage 
of certain antennas which results in improvement in through-
put and reduction in interference and collision. Survey of di-
rectional antennas and its implementation in Ad Hoc networks 
has been studied in [5]. MACA/CA has been implemented 
with directional antennas for multi-path networking, as in 
[6]. A modified version of Directional MAC has been studied 
and analyzed which deals with neighbor discovery without 
interference, as in [7]. Research related to improvement of 
Throughput in Ad Hoc networks, especially in Military applica-
tions, has been studied in [8].
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Power Control MAC (PCM) and Auto-Rate MAC (RBAR), as 
shown in [12], [13] and [14], controls the signal power and 
data-rate of the transmission based on estimated channel be-
havior.

In this paper, we have proposed a Routing Protocol (PLBU) 
that makes use of Directional Antennas (D-MAC) and Power 
and Rate control mechanisms. By using the power and rate 
control methods, this protocol reduces the interference and 
collisions during data transmission. It also improves the net-
work throughput and thus increases the bandwidth efficiency. 
We have simulated the designed protocol in Ad Hoc commu-
nication networks and studied and analyzed its performance 
based on Throughput, Packet Delay and Packet Loss.

DESIGN OF PLBU ROUTING PROTOCOL
Cinderella SDL Tool has been used to design the PLBU Routing 
Protocol. Firstly the Signals package is defined, then the Sys-
tem is defined which consists of the block, then the processes 
are defined which consist of the sender, receiver and channel 
Processes, then lastly the PL_Selection procedure is defined in-
side the sender process. The Design procedure is as follows.

I.	 Signal Package
The signal Package has been defined in Fig. 1, which defines 
the various signals to be used in the design of PLBU Routing 
protocol.

II.	 PLBU System
The PLBU System has been defined in Fig. 2, which consists of 
the PLBU block, incoming and outgoing signals, and the Pack-
age Use block which enables the system to use the signals de-
fined in Fig. 1.

Figure 1. Signal Package

Figure 2. PLBU System
 
III.	PLBU Block
The PLBU block consists of the Sender, Receiver and Channel 
Processes, and the incoming and outgoing signals to each 
process. The signals defined in Fig. 1 are being used. The 
PLBU Block is shown in Fig. 3.

Figu re 3. PLBU Block and Processes
 
IV.	PLBU Sender, Receiver and Channel Processes
V.	 The Sender Process (SenderP) consists of the FSM (Finite 
State Machine) of the Sender using the PLBU protocol for 
routing the control and data packets, as shown in Fig. 4.

Figure 4. Sender Process of the PLBU Protocol
 
VI.	Receiver Process
The Receiver Process (ReceiverP) consists of the FSM of the Re-
ceiver, as shown in Fig. 5.
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Figure 5. Receiver Process of the PLBU Protocol
 
VII. Channel Process
The Channel Process (ChannelP) consists of the FSM of the 
Channel, as shown in Fig. 6.

Figure 6. Channel Process of the PLBU Protocol
 
VIII. PL_Selection Procedure at the Sender
Fig. 7 shows the Preferred Link (PL) Selection Procedure which 
is used in the Sender Process to select most stable links to for-
ward the control and data packets.

Figure 7. PL_Selection Procedure for PLBU Protocol at 
Sender
 

SIMULATION AND RESULTS
Network Simulator 2 (NS2) has been used to simulate the 
designed protocol by creating ad hoc network scenario. The 
description of nodes and other specifications are as shown in 
Table 1.

The nodes are deployed in the network and move in speci-
fied directions and at specified speed. This node movement 
can be random as well. Firstly, we use the 802.11 MAC pro-
tocol and AODV routing protocol and simulate the network. 
The Throughput, Packet Delay and Packet Loss are traced and 
plotted in graphs

Secondly, we use the DMAC Protocol and PLBU Routing Proto-
col to simulate the network and record the same statistics as 
above. These Performance Parameters are then compared and 
plotted on the same graph as shown in Figures 8-10.

TABLE - 1
NODE DESCRIPTION AND OTHER SPECIFICATIONS

TYPE SPECIFICATION

Type of Channel WIRELESS

Data-Link Layer Protocol  802.11MAC and DMAC

Antenna Type OMNI-DIRECTIONAL AND 
DIRECTIONAL

Area (m, m) 1000 x 1000

No. of Mobile Nodes 25

Source Type UDP

Simulation Time 10 seconds

Routing Protocol PLBU and AODV

Speed of Nodes 30, 40, 60 m/s

The performance of the PLBU Routing protocol using D-MAC 
protocol is compared with AODV Routing protocol using 
802.11 MAC protocol based on Network Throughput, Packet 
Delay and Packet Loss for the same scenario. Figure 8 shows 
the Network Throughput comparison. We can clearly see that 
the Throughput is better when using PLBU Routing.

Figure 9 shows the Packet Delay comparison. Apart from 
some initial delay and a spike in between, the PLBU Routing 
still holds good and is far better than the AODV Routing in 
case of packet delay.

Figure 10 shows the Packet Loss comparison. We can clear-
ly see that PLBU Routing performs far better than the AODV 
Routing which incur more Packet Loss. Due to reduction in 
packet loss to a large extent, the Throughput and thus the 
Bandwidth Efficiency of the Network is improved.

Figure 8. Network Throughput Comparison of PLBU and 
AODV Routing
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Figure 9. Packet Delay Comparison of PLBU and AODV 
Routing

Figure 10. Packet Loss Comparison of PLBU and AODV 
Routing
 
CONCLUSION AND FUTURE SCOPE
In this paper, we have designed and implemented PLBU Rout-
ing protocol using Directional-MAC protocol for Ad Hoc Com-
munication Networks and Emergency Scenarios. We simulated 
the Designed Protocol in NS2 and compared its Performance 
with AODV Routing using 802.11 MAC on basis of Perfor-
mance parameters like Throughput, Packet Delay and Packet 
Loss. The Simulation Results show that the designed PLBU 
Routing protocol outperforms the AODV protocol in Ad Hoc 
Communication Scenarios with Mobile Nodes.

This work can be further extended by increasing the number 
of mobile nodes, by considering the random motion of the 
nodes, by inducing more data traffic, and also by using dif-
ferent routing protocols. Also TCP layer protocols can be im-
plemented and modified for higher security, which is the keen 
requirement of Military and Intelligence Operations.
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