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Abstract— Cooperative communication, which utilizes nearby terminals to relay the overhearing information to achieve the 
diversity gains, has a great potential to improve the transmitting efficiency in wireless networks. To deal with the 
complicated medium access interactions induced by relaying and leverage the benefits of such cooperation, an efficient 
Cooperative Medium Access Control(CMAC) protocol is needed. In this paper, proposes a novel cross-layer distributed 
energy-adaptive location-based CMAC protocol, namely DEL-CMAC, for Mobile Ad-hoc NETworks (MANETs). The 
design objective of DEL-CMAC is to improve the performance of the MANETs in terms of network lifetime and energy 
efficiency. A practical energy consumption model is utilized in this paper, which takes the energy consumption on both 
transceiver circuitry and transmit amplifier into account. A distributed utility-based best relay selection strategy is 
incorporated, which selects the best relay based on location information and residual energy. Furthermore, with the purpose 
of enhancing the spatial reuse, an innovative network allocation vector setting is provided to deal with the varying 
transmitting power of the source and relay terminals.  
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I. INTRODUCTION 

 
A Mobile Ad-hoc NETwork (MANET) is a self-
configured network of mobile terminals connected by 
wireless links. Mobile terminals such as cell phones, 
portable gaming devices, personal digital assistants, 
(PDAs) and tablets all have wireless networking 
capabilities. By participating in MANETs, these 
terminals may reach the Internet when they are not in 
the range of Wi-Fi access points or cellular base 
stations, or communicate with each other when no 
networking infrastructure is available. MANETs can 
also be utilized in the disaster rescue and  recovery. 
One primary issue with continuous participation  in 
MANETs is the network lifetime, because the 
aforementioned wireless terminals are battery 
powered, and energy is a scarce resource. 
The extra processing and receiving energy 
consumption required for cooperation, CC is not 
always energy efficient compared to direct 
transmission. There is a tradeoff between the gains in 
transmitting power and the losses in extra energy 
consumption overhead. Cooperative MAC (CMAC) 
protocol to exploit the multirate capability and aimed 
at mitigating the throughput bottleneck caused by the 
low data rate nodes, so that the throughput can be 
increased. DEL-CMAC that focuses on the network 
lifetime extension, which is a less explored aspects in 
the related work. By considering the overheads and 
interference due to cooperation, as well as the energy 
consumption on both transceiver circuitry and 
transmit amplifier, DEL-CMAC can significantly 
prolong the network lifetime. A distributed energy 
aware location based best relay selection strategy is 
incorporated, which is more reasonable for MANETs 
comparing with the existing schemes based on 
channel condition. 

II. MOTIVATION OF RESEARCH 
 

The main goal of this project is to improve the 
performance of the MANETs in terms of network 
lifetime and energy efficiency. And it prolongs the 
network lifetime under various circumstances even 
for high circuitry energy consumption. 
 
III. RELATED WORK 

 
System and Energy Models 
As shown in Fig. 1, a multi-hop MANET with 
randomly deployed mobile terminals is considered, 
where all terminals have the capability to relay. To 
come up with a reasonable system model, we assume 
that data connections among terminals are randomly 
generated and the routes are established by running 
Ad hoc On-demand Distance Vector (AODV), which 
is a widely used conventional routing protocol for 
MANETs. There are two types of relay terminals in 
our network, i.e., routing relay terminals and 
cooperative relay terminals. In the system model, 
AODV builds the route in a proactive manner by 
selecting the routing relay terminals firstly. When a 
route is established DEL-CMAC initiates the 
cooperation in a hop-by-hop manner by selecting the 
cooperative relay terminals. 

 
Fig. 1. Multi-hop MANET scenario 



International Journal of Advanced Computational Engineering and Networking, ISSN: 2320-2106,  Volume-4, Issue-6, Jun.-2016 

Extend the Performance of MANET Through DEL-CMAC Protocol 
 

115 

DCF 
The basic operations of the proposed DEL-CMAC 
are based on the IEEE 802.11 DCF. In DCF, after a 
transmitting terminal senses an idle channel for a 
duration of Distributed Inter Frame Space (DIFS), it 
backs off  for a time period that chosen from 0 to its 
Contention Window(CW). After the backoff timer 
expires, the well-known RTS-CTS-DATA-ACK 
procedure is carried out (see Fig. 2).Any terminal 
overhearing either the RTS or the CTS extracts the 
information contained in the MAC frame header, and 
sets its NAV to imply the time period during which 
the channel is busy. 
 

 
Fig. 2.  IEEE 802.11 DCF. 

 
IV. SYSTEM ARCHITECTURE OVERVIEW 

 
The architecture involves the transmission of data 
from one source node to another destination node.The  
relays are used to transmit the data from source to 
destination.    

 
Figure.3.  Architecture Diagram 

 
The backbone network controls all of the network 
process. Access points get access from backbone. If 
source is in access point1 and destination is in  
another access points means source will get access 
from its own access point to transfer its data to 
another access point. This process happened 
simultaneously  in a medium level of coverage area. 
 
V. THE PROPOSED DEL-CMAC PROTOCOL 

 
The DEL-CMAC focuses on the network lifetime 
extension. By considering the overheads and 
interference due to cooperation, as well as the energy 
consumption on both transceiver circuitry and 
transmit amplifier, DEL-CMAC can significantly 

prolong the network lifetime. A distributed energy-
aware location-based best relay selection strategy   is 
incorporated, which is more reasonable for MANETs 
comparing with the existing schemes based on 
channel condition. For a desired outage probability 
requirement, across layer optimal transmitting power 
allocation scheme is designed to conserve the energy 
while maintaining certain throughput level Extensive 
simulation results reveal that DEL-CMAC can 
significantly extend the network lifetime under 
various scenarios at the cost of relatively low 
throughput and delay degradation. 
 

 
Fig. 4. The frame exchanging process of DEL-CMAC. 

 
Protocol Description 
The frame exchanging process of DEL-CMAC is 
shown in Fig. 4. DEL-CMAC introduces two new 
control frames to facilitate the cooperation, i.e., 
Eager-To-Help (ETH) and Interference-Indicator 
(II).The ETH frame is used for selecting the best 
relay in a distributed and lightweight manner, which 
is sent by the winning relay to inform the source, 
destination and lost relays. In this paper, the best 
relay is defined as the relay that has the maximum 
residual energy and requires the minimum 
transmitting power among the capable relay 
candidates. The II frame is utilized to reconfirm the 
interference range of allocated transmitting power at 
the winning relay, inorder to enhance the spatial 
reuse. Among all the frames RTS, CTS, ETH and 
ACK are transmitted by fixed power. And the 
transmitting power for the II frame and data packet 
are dynamically allocated. We denote the time 
durations for the transmission of RTS, CTS, ETH, 
ACK and II frames by TRTS, TCTS, TETH, TACK 
and TII , respectively. 
 
VI.  DETAIL AND SUPPLEMENT OF DEL-
CMAC 

 
Utility-Based Best Relay Selection 
Selecting the best relay distributed and efficiently 
affects the performance of the CMAC protocol 
significantly. The existing relay selection schemes 
that incorporated into the CMAC protocols, largely 
depend on the instantaneous channel condition, which 
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based on the assumption that the channel condition is 
invariant during one transmit session. For MANETS 
that deployed in heavily built-up urban environments 
or heavy traffic environments, this assumption is hard 
to guarantee. This implies that the “best” selected 
relay terminal according to channel condition during 
the route construction or handshaking period, may not 
be the best one in the actual data transmission period. 
Selecting the best relay terminal based on the 
instantaneous location instead of instantaneous 
channel condition may be more reasonable for 
MANETs. This paper, proposes  a distributed energy-
aware location based best relay selection strategy 
which is incorporated into the control frame 
exchanging period in DEL-CMAC. The location 
information of individual wireless devices can be 
obtained through GPS or other localization 
algorithms. The required location information of 
source and destination is carried by RTS and CTS 
frames. Thus no additional communication overheads 
are involved. DEL-CMAC chooses the best relay 
based on a utility-based backoff, which depends on 
the required transmitting power to meet certain 
outage probability  and the residual energy of 
individual terminals. 
 
Optimal Power Allocation 
Optimal power allocation is indispensable for a cross-
layer CMAC protocol that aims at increasing energy 
efficiency. To address the power allocation for CC 
and direct transmission under the given outage  
probability. We start with deriving the transmitting 
power at source in the direct transmission mode, 
which is calculated by the destination after it receives 
the RTS. Then, under the same outage probability and 
end-to-end data rate, the optimal transmitting power 
at source and relay in the cooperative transmission 
mode is calculated by individual relay candidates 
after the RTS/CTS handshake. 
 
Spatial Reuse Enhancement 
As the involvement of relaying and varying 
transmitting power, the interference ranges in DEL-
CMAC are changing during one transmit session. In 
order to avoid the interference and conserve the 
energy, delicate NAV setting is required. NAV limits 
the use of physical carrier sensing, thus conserves the 
energy consumption. The terminals listening on the 
wireless medium read the duration field in the MAC 
frame header, and set their NAV on how long they 
must defer from accessing the medium. Taking 
IEEE802.11 DCF for instance, the NAV is set using 
RTS/CTS frames (see Fig. 2). No medium access is 
permitted during the blocked NAV durations. 
 
VII. LITERATURE SURVEY 

 
     [1.] Todd E. Hunter and Aria Nosratinia (2006) 
motivated by the recent works on the relay channel 
and cooperative diversity, this letter introduces coded 

cooperation, where cooperation is achieved through 
channel coding methods instead of a direct relay or 
repetition. Each codeword is partitioned into two 
subsets that are transmitted from the user’s and 
partner’s antennas, respectively. Coded cooperation 
achieves impressive gains compared to a non-
cooperative system while maintaining the same 
information rate, transmit power, and bandwidth.  
     [2.]  Ying Zhu, Minsu Huang and Siyuan Chen, 
Yu Wang(2011) described a Cooperative 
communication (CC) allows multiple nodes to 
simultaneously transmit the same packet to the 
receiver so that the combined signal at the receiver 
can be correctly decoded. In this paper, to address 
this problem, we introduce a new topology control 
problem: energy-efficient topology control problem 
with cooperative communication, and propose two 
topology control algorithms to build cooperative 
energy spanners in which the energy efficiency of 
individual paths are guaranteed.  
 
     [3.]  J. Nicholas Laneman and Gregory W. 
Wornell (2003) described about the develop and 
analyze space–time coded cooperative diversity 
protocols for combating multipath fading across 
multiple protocol layers in a wireless network. The 
protocols exploit spatial diversity available among a 
collection of distributed terminals that relay messages 
for one another in such a manner that the destination 
terminal can average the fading, even though it is 
unknown a priori which terminals will be involved. In 
particular, a source initiates transmission to its 
destination, and many relays potentially receive the 
transmission. Those terminals that can fully decode 
the transmission utilize a space-time code to 
cooperatively relay to the destination. 
 
     [4.]  J. Nicholas Laneman, David N. C. Tse and 
Gregory W. Wornell (2004)described about the 
develop and analyze low-complexity cooperative 
diversity protocols that combat fading induced by 
multipath propagation in wireless networks. The 
underlying techniques exploit space diversity 
available through cooperating terminals’ relaying 
signals for one another. We outline several strategies 
employed by the cooperating radios, including fixed 
relaying schemes such as amplify-and-forward and 
decode-and-forward, selection relaying schemes that 
adapt based upon channel measurements between the 
cooperating terminals, and incremental relaying 
schemes that adapt based upon limited feedback from 
the destination terminal. Thus, using distributed 
antennas, we can provide the powerful benefits of 
space diversity without need for physical arrays, 
though at a loss of spectral efficiency due to half-
duplex operation and possibly at the cost of additional 
receive hardware. 
     [5.]  Jie Wu, Mihaela Cardei and Shuhui Yang Jie 
Wu,(2003) propose a notion of extended dominating 
set where each node in an ad hoc network is covered 
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by either a dominating neighbor or several 2-hop 
dominating  neighbours. This work is motivated by 
cooperative communication in ad hoc networks 
whereby transmitting independent copies of a packet 
generates diversity and combats the effects of fading. 
We first show the NPcompleteness of the minimum 
extended dominating set problem. Then, several 
heuristic algorithms, global and local, for 
constructing a small extended dominating set are 
proposed. These are non-trivial extensions of the 
existing algorithms for the regular dominating set 
problem. The application of the extended dominating 
set in efficient broadcasting is also discussed. The 
performance analysis includes an analytical study in 
terms of approximation ratio and a simulation study 
of the average size of the extended dominating set 
derived from the proposed algorithms. 
 
CONCLUSION 
 
In this proposed work the usage of the cross layer 
distributed energy adaptive location-based 
cooperative MAC (DEL-CMAC) protocol for 
MANETs has been demonstrated. Thus by 
introducing DELCMAC the network lifetime and 
energy efficiency has been increased instantaneously. 
In addition energy consumption is less when 
compared with existing IEEE 802.11 DCF protocol. 
An effective relay selection strategy to choose the 
best relay terminal and a cross-layer optimal power 
allocation scheme has been set for the transmitting 
power in conserving the energy has been a proposed. 
Thus the proposed DEL-CMAC protocol can 
significantly prolongs the network lifetime comparing 
with the IEEE 802.11 DCF at relatively high 

throughput and low delay degradation. As part of our 
future work, we will investigate our DEL-CMAC for 
multirelay cooperation for larger scale network size 
and with high mobility. Also, we foresee a more 
suitable scenario for multi-relay cooperation in 
802.11a/g networks which support a larger set of data 
rates than 802.11b.This is deeply further discussed 
and are left as the future work. 
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