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Abstract 

The MANET consists of set of mobile nodes connected 

wirelessly in a self configured, self healing network 

without having a fixed infrastructure. MANET nodes are 

free to move randomly as the network topology changes 

frequently. Each node behaves as a router as they 

forward traffic to other specified node in the network. 

Energy efficient strategies relating to Host Centric 

Networking based Mobile Ad-hoc NETworks (HCN 

based MANET) have been ongoing for decades. Yet, 

despite the production of review articles that discuss 

techniques and solutions for improving energy 

efficiency in MANET, the said existing articles are 

rather meritoriously inadequate as they do not 

provide detailed aspects of energy conservation 

practices in MANET, or discuss the limitations of 

using HCN based MANET. Hence, this article aims 

to elaborate on these overlooked areas of HCN based 

MANET research. To begin, this review will first 

justify the importance of improving energy 

efficiency in MANET, before going on to overview 

related research and present a comprehensive 

analysis on energy efficiency in MANET. This will 

be followed by discussions on MANET energy 

consumption behaviour to familiarise researchers 

with methods used to increase MANET energy ef- 

ficiency undertaken in previous research, as well as 

the motives behind them. Next follows a review on 

the limitations of using Host Centric Networking 

(HCN) in MANET to expound why such protocols 

like TCP/IP (Transmission Control Protocol/Internet 

Protocol) is inefficient for use in MANET 

implementation. The ultimate objective of this 

review is to impart a robust understanding on 

MANET energy efficiency aspects and empower  

researchers to produce energy efficient solutions for 

MANET. 

1. Introduction 

The United States armed forces conceived of MANET 

circa 1970, post ARPANET rollout. As the successor to  

the hugely popular packet radio systems, the creation of 

Ethernet further showcased its ability to demonstrate 

ALOHA packet radio technology on a cable. But, 

despite this promising start, the com- mercialisation 

endeavours of this military technology for civilian use 

seemingly stalled over the past three decades. This was 

simply because military usage scenarios could not be 

adapted easily to suit commercial needs, as the capacity 

and energy output of commercial mobile device 

batteries were greatly limited compared to devices used 

by the military. Basically, a commercial battery’s 

limited energy resource is the main hindrance for the 

assimilation of MANET applications to be incorporated 

into the civilian sector.  In trying to overcome  this 

shortcoming, there has been a copious amount of 

articles focusing on said shortcoming and proposals on 

how to overcome it. 

Faced with such mountainous tomes of articles, 

understandably, MANET researchers are hard 

pressed to examine in detail every single new article 

relevant to their interests. Thus, to this end, it is both 

advantageous and necessary to rely on summaries of 
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recent literature as provided by research reviews. Al- 

though recognition for researchers primarily comes 

from undertaken research, timely surveys and review 

articles can lead to new insights. However, for such 

review articles to be useful, it has to be compiled and 

must incorporate detailed information on the methods 

used to increase MANET energy efficiency proposed 

in previous research, as well as the motives behind 

the ideas and suggestions. 

At present, there is a copious amount of review articles 

that focus on discussing techniques and solutions for 

improving energy efficiency in MANET. This is due to 

nearly three decades of global research on this popular 

subject matter, hence the staggering amounts of viable 

data available for dissemination. However,  despite the 

abundance of data,  said documentation is sorely 

lacking   in the respect that it does not provide detailed 

info on energy conservation behaviour in MANET, 

elucidate the limitations of using Host Centric 

Networking (HCN) in MANET, or provide suggested 

solution that making used of Named Data Networking 

for improving energy efficiency in MANET. Hence, 

this article aims to fill the shortcomings that were 

overlooked in previous reviews. 

This review paper is organized as follows. Section 1 

will provide an introductory outline, justify the 

importance of improving MANET energy efficiency, 

definition of HCN based MANET, overview related 

research and highlight the gaps in existing review 

articles for IP-based MANETs. Section 2 elaborates on 

energy consumption behaviour to identify the trend of 

methods used to increase MANET energy efficiency as 

proposed in previous research and the attendant 

motives. Section 3 investigates and details the various 

existing energy efficient solutions that are already 

used in MANET. Section 4 discusses the open is- 

sues on energy efficiency improvement of HCN based 

MANET. Section 5 charts emerging trends and the 

future path of MANET as it relates to the use of 

NDN, with Section 6 presenting final conclusions. 

The Importance of Improving Energy Efficiency in 

MANET: 

The biggest challenge in designing MANET routing 

protocols is the energy resource limitations inherent in 

MANET mobile nodes.   Energy efficiency is     of vital 

importance as other performance measures like 

robustness, reliability  and security,  as energy 

conservation in MANET directly improves the lifespan  

of wireless ad-hoc networks and ensures effective 

communication in MANET [1–4], despite it being a 

more challenging aspect for MANET as compared to 

other wireless networks [5, 6]. Ensuring energy 

efficiency in MANET routing also determines the 

extent of how MANET technology can be used as 

practical communication technology for real world use 

[7]. 

Due to the limited energy resources of the mobile 

nodes’ battery [8], it is challenging to change or 

recharge the battery while in use in a MANET envi- 

ronment [3, 4, 9, 10]. Further shortcomings include 

lacking infrastructure to support central coordination 

for network operation in MANET, increased en- ergy 

consumption per mobile node in order to optimise 

transmission power, high wireless channel utilization 

[11, 12] and a dramatic increase in network traffic and 

energy usage in the event  of users using multimedia 

apps when connected   to the network via MANET 

[13]. 

Compared with developments in mobile device 

processors, wireless technology, and mobile 

applications, the development of battery technology is 

comparatively slower. These significant differences 

between technological developments propel the need to 

increase the energy capacity of batteries for mobile 

devices, resulting in the need to create more energy 

efficient mobile communication approaches [4–6]. 

The majority of energy consumption in MANET 

mobile nodes is used for wireless communication, with 

power being drained even when the mobile node  is in 

idle mode. Studies show that WiFi communication at 

the mobile node consumed 800 mW of power and up to 

1200 mW even in idle mode [7]. With the current 

battery technology limitations coupled with the 

increased energy consumption of each mobile node in 

MANET, it highlights how critical energy efficiency is 

in MANET. Since energy is a limited resource and may 

not be transferred between mobile nodes, saving energy 

is the only way to improve energy efficiency in 

MANET implementation. 
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The requirement for energy efficient communication 

in MANET is critical   as every mobile node is not 

only a consumer or provider, but also a network traffic 

router or relay to complete multi-hop wireless 

communication with other nodes, unlike other wireless 

networks that use access points or base stations for 

routing [5]. The issue of energy efficiency in MANET 

implementation becomes even more challenging as 

MANET routing requires additional mechanisms in 

place. This is to ensure that effective inter-

communication can take place within the network, 

despite the constant changes caused by factors like 

node mobility, wireless signal interference, hidden 

nodes, broadcast storm and dead nodes [5]. Efforts to 

improve MANET energy efficiency whilst ensuring 

optimal performance is challenging as both are of 

equal import to ensure MANET technology can be 

used practically. Therefore, the best solution to 

improve  MANET energy efficiency is to minimize 

energy consumption as much as possible. This will 

maximise the lifespan of the MANET network 

whilst maintaining or even improving the 

performance of MANET [2]. 

 

Host Centric Networking Based MANET (HCN 

Based MANET): 

Host Centric Networking based MANET (HCN 

based MANET) refers to the traditional MANET 

implementation that uses Host Centric Networking 

(HCN) technology particularly with TCP/IP as the 

basis of how each node in MANET connects with 

each other. HCN also refers to computer network 

technology that uses host paradigm as its identity to 

communicate by combining source identity and 

destination identity as a unique identifier for every 

transaction that occur in the network.  TCP/IP is the 

most dominant HCN technology in the world of 

computer networking and therefore not surprising to 

be the major choice for researches related to 

MANET. 

HCN is the continuation of packet switching ideas 

where each of data trans- mitted through the network 

will be fragmented into separate blocks to allow better 

control of the data to be delivered as thus increasing 

the reliability and robustness of data transaction 

through an unstable and heterogeneous network 

environment. The term “Host Centric Networking 

(HCN)” does not exist when digital computer 

networking was first introduced including TCP/IP. But 

when Information Centric Networking (ICN) is 

introduced as an alternative to traditional digital 

computer networking, the term Host Centric 

Networking (HCN)    is used to represent the existing 

paradigm of networking to clearly distinguish the 

fundamental difference between ICN and HCN. 

At the same time, the history of MANET is 

closely knitted to the history of TCP/IP since the 

existence of MANET technology itself was 

introduced almost immediately after TCP/IP 

technology was developed as both technologies were 

created using the same military funded research 

provided by Pentagon, USA. To facilitate our 

discussion in describing the characteristics of the 

traditional MANET that dominate the world of 

MANET research, this paper will refer traditional 

MANET as HCN based MANET as it uses HCN 

technology particularly TCP/IP. Not only that, the 

definition of this term introduced in this arti- cle 

facilitates us to provide a clear distinction between 

traditional MANET and the suggested new 

technology that is currently being proposed to 

replace Host Centric Networking (HCN), namely 

Named Data Networking (NDN), which is a type of 

Information Centric Networking (ICN) instance 

actively being developed at present. 

 

Energy Consumption Studies on MANET 

The majority of the literature on MANET energy 

consumption studies is suggestions on how to 

accurately model the energy consumption for MANET 

purposes and better quality simulations studies [8] 

Energy consumption in MANET is also studied by 

comparing the energy efficiency of existing MANET 

routing, either by specific features like AODV (Ad-

hoc On-Demand Distance Vector) versus DSR 

(Dynamic Source Routing) versus OLSR (Optimized 

Link State Routing Protocol) versus DSDV 

(Destination-Sequenced Distance-Vector Routing) or 

by common features like reactive routing protocol 
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versus proactive routing protocol. 

The primary energy consumer in MANET is used 

for wireless communication, rather than the mobile 

device microprocessor. Energy consumption for 

communication is at least 50% higher than energy 

consumption for computation. Thus, the analysis of 

MANET energy consumption will focus on the 

wireless communication load. Wireless 

communication differs noticeably from wired 

networks.  In wired networks, the increase in 

communication bit   rate will reduce energy 

consumption per gigabyte of data. But in wireless 

communication, bandwidth enhancement of wireless 

communication also increases the signal-to-noise ratio 

and the power required for higher wireless 

transmission signal requires larger bandwidth. 

Consequently, energy conservation in wireless 

communication is very important; bearing in mind that 

mobile device wireless communication consumes the 

most power compared to other factors in common use. 

 

Wireless Mobile Technology Selection for Energy 

Consumption Study on MANET: 

Prior to further delving into energy consumption 

studies on MANET, certain assumptions and 

technology selections have to be made in order to 

present the study more clearly and accurately. This is 

to avoid conducting an overly general analysis as 

energy consumption studies are very sensitive and 

will be affected by the put forth assumptions, 

selection methods and chosen technology used in 

MANET, especially for the research using testbed 

methods. 

 

MANET and IEEE 802.11 Wireless Technologies: 

The selection of the wireless technologies used in 

MANET is the main determinant of energy 

consumption behaviour for mobile devices in 

MANET. WiFi was chosen because it is a wireless 

technology that is readily available, uses an unlicensed 

spectrum, is low cost, easy to manage and widely used 

in different mobile devices [5]. As such, any mention 

of energy consumption profile for wireless 

communication here refers to WiFi energy 

consumption, as WiFi is the primary choice for the 

wireless medium in MANET. 

In view of energy consumption, WiFi shows the best 

balance of energy con- servation and network 

throughput compared to the other two common 

wireless technologies for mobile devices; Bluetooth 

and 3G communication. Although Bluetooth 

technology consumes less energy than WiFi, the 

amount of down- loaded and uploaded throughput that 

can be achieved is much lower, making Bluetooth less 

efficient for use in the MANET environment 

  

Smartphone as Mobile Device in MANET:  

The type of mobile device used in MANET also 

determines the energy consumption pattern of said 

mobile device in a MANET. As such, key questions 

like is it assumed that MANET consists of various 

types of mobile devices or is only one type of mobile 

device to enable analysis to be made in research made 

more controllable?  If a specific type of mobile device 

has to be selected to represent as a MANET mobile 

device, what are the features and justifications that 

needs   to exist in order to choose one type of mobile 

device as the ideal mobile device for MANET? 

Any MANET research requires a definition of the 

mobile device to be set because the energy 

consumption for wireless communication depends on 

the type of mobile device used, each with its own 

diverse consumption requirements. Previously, laptops 

were the go to mobile device for MANET research in 

the  past [6] due to their prevalence. 

 

Smartphone Battery as Limited Energy Resource 

in MANET: 

Batteries are a source of electrical energy stored in 

the form of an electro- chemical cell where chemical 

energy is converted into electricity through the 

chemical reaction process. Smartphones use 

batteries as their primary mobile power source, with 

the most popular battery choice for smartphones 

being lithium based; Lithium Ion (Li-Ion) and 

Lithium Polymer (Li-Po).  Each battery, whether Li-

Ion or Li-Pol, has two electrodes, electrolyte (liquid 

in Li- Ion and polymer gel in Li- Pol), anode (negative 
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terminal) and cathode (positive terminal), as well as a 

separator membrane to separate the anode and 

cathode. Both Li-Ion and Li-Po have the same 

characteristics, with the difference being in 

electrolytes where Li-Ion uses liquid and Li-Po uses 

polymer gel, also known as microporous based 

polymer. Li-Po batteries are a more popular option as 

a smartphone battery because Li-Po is more stable 

and secure than Li-Ion and can be designed in thinner 

sizes compared to Li-Ion although Li-Ion has higher 

energy density and cheaper manufacturing costs [8]. 

Electrical energy is supplied by the battery through the 

discharging process by creating a complete circuit 

between the anode and cathode with electrons moving 

in the circuit caused by positively charged ions between 

anode and cathode. This discharging process continued 

until the power switch is turned off or when the 

difference     in the number of positively charged 

lithium ions in the anode and cathode decreases to a 

stable level. The description of the battery discharging 

process can be summarised in Figure 4. 

For rechargeable batteries like Li-Ion and Li-Po, the 

battery charging process is performed to force the 

electrons to be stored back into the anode, causing the 

positively charged Li-Ion to move back into the anode 

from the cathode so that the positively charged ions are 

unable to move from the cathode to the anode. After 

the charging process, the battery can be reused to 

supply electrical energy. Summary of the battery 

charging process can be referred to in Figure 1 

 

 

 

 

 

 

 

 

 

 

Figure 1: Overview of Li-Ion battery charging and 

discharging  

The total potential electrical energy stored in a 

battery is called battery ca- pacity and measured in 

watt-hours (Wh), kilowatt-hours (kWh) or more 

commonly in ampere-hours (Ah) units. 1 unit Ah 

refers to the total energy charge in the battery that 

allows 1 ampere of current to flow within 1 hour. 

Compared to the larger battery capacity in mobile 

devices like laptops, the battery capacity in a 

smartphone is much smaller in order to ensure 

mobile practicality. While battery capacity differs 

between laptop and smartphone batteries, battery 

discharge patterns on both are the same when using 

a similar type of battery like Li-Ion. The actual 

battery capacity for a smartphone battery usually 

refers to the nominal capacity, rather than 

maximum capacity. The difference between 

nominal capacity and maximum capacity of a 

smartphone battery can be seen in Figure 5. There 

are various sizes and capacity of smartphone batteries 

that exists in   the smartphone market. It depends on 

the size of smartphones and market segments.  

Energy Consumption Based on Wireless 

Communication Modes: 

 

Energy consumption in wireless communication 

can be divided into below four modes 

 
Figure 2: Power state machine of WiFi in 

Smartphone 

 

Transmit Mode: 

In wireless communication, transmit mode is the 

most heavy energy usage phase as the energy is used 

to transmit data packets within the wireless network. 

Most of the energy consumed during transmit mode 

is used by  the RF (radio frequency) power amplifier, 

which is 64% of the total energy used for wireless 

ISSN NO: 2394-2886

Page No: 147

Suraj Punj Journal For Multidisciplinary Research

Volume 9, Issue 3, 2019



signal transmissions. The digital WiFi processor  uses 

only a small amount of energy during transmission, 

which is approximately 6.4% of the total energy 

consumption during transmission mode. The 

remainder of the energy consumed during 

transmission mode is used for demodulation from 

digital signal to analogue radio signal and radio 

antenna operation.  

 

Receive Mode: 

The majority of energy consumed during receive 

mode is used by Inter- mediate Frequency (IF) 

modems, with the percentage being at 55%. The 

digital WiFi processor uses approximately a further 

quarter of the total energy consumption for the 

modulation process and to convert analogue radio 

signals to digital signals. Receive mode can be 

streamlined into two major functions; data recep- 

tion and carrier sensing. Data reception occurs 

when the receiving node is in transmission and 

receive range with the transmit node.  

 

Idle Mode: 

Idle mode occurs when the wireless device does not 

send or receive any data packets. However, despite 

being idle, wireless devices still consume a 

considerable amount of energy and in some instances 

use almost the same amount of energy as during 

receiving mode. This is because, in idle mode, the 

wireless device still needs to listen to the wireless 

signal to detect the packets that need to be received 

to re-switch in the receiving mode [8].  

 

Sleep Mode: 

Sleep mode is performed in a wireless device to 

ensure the radio signal component is in a low power 

state for a period of time before returning     to an 

active mode when needed. In sleep mode, the PA 

(power amplifier) and LNA are powered off, thus 

wireless signals cannot be transmitted or received  

 

Energy Consumption in Broadcast 

Communication 

The energy profile for broadcast communication 

in a wireless network differs noticeably from that of 

unicast communication. This is because the majority 

of energy consumption is relegated for the receive 

and carrier sense mode, which is a subset of receive 

mode, as shown in Figure 8. The bulk of 

communication activities in wireless broadcast are 

broadcast overhearing. Thus, the use of energy for 

transmission is minimal as each copy of the same 

network packet can be sent directly to multiple 

neighbouring nodes. Additionally, the amount of 

bandwidth used is half of the amount used in 

unicast mode. 

 

Energy Consumption Based on Network Packet 

Variables 

The network packet size varies  according to the 

network application type.  For example, network 

packet size for VoIP application is comparatively 

smaller compared to FTP (File Transfer Protocol) 

applications that use a larger net-  work packet size. 

In wireless communication, network packet size 

affects energy consumption during transmit mode, 

but not when in receiving mode. This is because, 

when in receiving mode, the wireless signal goes 

through the LNA and consumes only minimal energy. 

In transmit mode however, the wireless signal is 

transmitted through the PA, where energy 

consumption depends on the number of bits 

transmitted in one signal transmission phase. Thus, 

these factors contribute to the transmit mode 

consuming more energy than the receive mode [9]. 

 

Energy Consumption Related to MANET 

Energy Consumption and Routing Overhead 

 

Unlike wireless communication with network 

infrastructure like WLAN (Wire- less Local Area 

Network) or cellular networks (base station), every 

mobile node  in a MANET not only acts as a network 

user, but also as a router for multi-hop 

communication. In addition to energy consumed by 

end nodes, each mobile node also uses energy to 

function as a router. Therefore, mobile nodes in 

MANET cannot escape from routing overhead 
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challenges that affect energy conservation  at each 

node. 

Each node in MANET not only consumes energy 

for its own network traffic, but also for the network 

traffic from neighboring nodes because it acts as a re- 

lay of the multi-hop routing mechanism.  It can even 

be hypothesized that most  of the energy used is for 

forwarding network packets from other nodes. There- 

fore, specific energy management strategies are 

required to enable decentralized network activities to 

be efficient and effective in MANET [8]. 

 

2. Taxonomy of Energy Efficiency Solution in 

MANET 

For more than a decade, various energy efficiency 

strategies have been developed for HCN based 

MANET, with various solutions having been 

proposed and published. Existing energy efficiency 

improvements in MANET focus on trying to reduce 

energy consumption in wireless communication,  

while trying   to offset unnecessary loads that 

increase energy consumption [9]. This energy 

conservation efforts aim to maximize the lifespan of 

mobile nodes and extend the lifespan of the network 

itself as a whole, without affecting MANET 

performance [7]. 

There exist several versions of classification 

methods relating to improving MANET energy 

efficiency. To aid in identifying trends used in 

existing research that focus on improving MANET 

energy efficiency, the methods used in this research 

have been grouped into respective classifications and 

categories.  This categorization method focuses 

solely on an energy saving approach in MANET. 

This is in direct contrast to related contemporary and 

past  re- search, where the oft used energy efficient 

routing protocol approach is favored instead. 

Particularly, contemporary and past research relied 

extensively on utilizing multiple energy saving 

approaches in their put forth energy efficient routing 

protocols. As such, this undertaken review shows a 

significant departure from such past methods. The 

modified categories used in this review are divided 

into five categories. First is the power or energy 

aware routing category, second is the load distribution 

approach category, midway at number three is the 

transmission power control approach category, 

followed by the fourth category focusing on a 

sleep/power-down mode approach.  

Power or Energy Aware Routing 

Power or energy aware routing is the most 

popular approach to improve energy efficiency in 

MANET research. The main goal of this approach is 

to save energy by choosing routes with the shortest 

path from the source to destination in order to 

consume the least amount of energy [9]. According 

to authors in [9, 6], it is propounded that energy 

related metrics can be used to determine the cost of 

the routing path to be selected based on the four 

below criteria: 1) Transmission power 2) 

Remaining energy capacity, 3) Estimated node 

lifetime and 4) Combined energy metrics. 

Practically, an energy aware routing approach uses 

more than one energy related metrics to get the 

best routing path. These include the path travelled 

using minimal wireless signal transmission power, 

the intermediate node having sufficient residual 

battery power, avoiding network partitioning 

caused by overused nodes and choosing the routing 

path with the least power consumption per packet 

[6]. 

 

The advantage of this energy aware routing 

protocol method is that it is very efficient in 

obtaining the routing path with the most minimal 

cost value. But the main disadvantage of this 

protocol is that, if not combined with another 

energy efficient approach, it will result in the overuse 

of limited energy resources from battery of the 

intermediate nodes, thus resulting in network 

failure [9]. 

Load Distribution Approach 

Load distribution approach differs from the energy 

aware routing protocol by not selecting routing paths 

based only on the lowest energy consumption cost,  

but also takes into account the load balancing for 

energy consumption of every network node. Routing 
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Transmission Power Control Approach 

Transmission power control is the energy 

conservation method in MANET where wireless 

signal transmission power is reduced to a minimal 

level to produce an adequate wireless signal 

transmission range to connect source nodes and 

destination nodes [5]. Since the transmission power 

causes the transmission range to be smaller, this 

method effectively reduces the effect of wireless 

signal interference and reduces energy 

consumption of wireless signal transmissions [9]. 

The relationship between the transmission power 

and transmission range of the wireless signal can 

be translated into the equation: E ≈ dx, where E is 

the energy of transmission power, d represents 

transmission range and x being the signal strength 

reduction factor. The value of x depends on the 

wireless communication environment, whether it is a 

crowded or open space area, with open space areas 

having less interference. The usual value of x is x 2 or 

more, which is the most optimal scenario for 

wireless communication 5]. 

The method of transmission power control is 

performed in routing protocol through the cross-layer 

method as the wireless signal transmission power 

control can only be performed on the data link layer, 

while routing protocol is done in the network layer  

[8].   

 

 

 

Figure 3: Constant vs Variable Transmission 

Power Model 

 

Figure 3 shows the power model difference 

between the constant transmission power mode and 

the variable transmission power mode [5].  

 

Sleep/Power-Down Mode Approach 

The sleep mode concept for achieving energy 

conservation in MANET is based on the premise that 

the majority of the energy consumed for wireless 

communication is due to idle mode. This is because, 

despite there being no data packet transmission or 

delivery in idle mode, the power  usage levels still 

remain very similar [9]. 

There are two main methods in MANET routing 

protocol relating to sleep mode; power save 

approach and power management control 

approach. The significant difference between the 

two methods is that sleep mode is controlled by 

MANET routing protocol in power save approach, 

while the power management control approach 

utilises the existing power management control in 

layer 2 WiFi to control sleep mode in the WiFi 

device. 

Two Types of Sleep Mode Approach 

Power save approach 

The power save approach, referred to as ‘sleep 

mode’, is triggered by the network routing 

mechanism. This approach is usually applied in the 

topol- ogy control routing protocol [9, 5] by reducing 

the energy consumption of mobile nodes via sleep 

mode in inactive nodes, while maximising the 

sleep mode duration [9, 3].  

Cross-layer Approach 

In the TCP/IP network stack, each layer has its 

own roles and functions. This approach is 

conducted to reduce the complexity of the network 

technology to be implemented and to ensure that 

each network technology developed is uses the same 

standard. This is to ensure that the changes made to 

the technology at one layer will not require 

additional changes to be made on the technology at 

other layers. The advantages of layering paradigm 

in TCP/IP allows each protocol to be designed 
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modularly and each of the protocol are able to 

interact interporable between each layers without 

any problem since every internal in- formation on 

each layer is hidden from another layer (information-

hiding) [6]. 

Cross-layer approach, also known as interlayer 

processing, refers to a method that allows two or 

more network stack layers to communicate with 

each other either through information sharing or 

messages to be translated as instructions to meet 

vertical optimization requirements. Cross-layer is 

used for various purposes, including performance , 

security, robustness, mobility support and energy 

efficiency improvement in MANET routing [6–5].  

 

Open Issues on Energy Efficiency Improvement of 

HCN Based MANET 

End-to-end communication in HCN, primarily 

TCP/IP, uses unique node identity, like an IP address, 

as the main reference for routing.  This method is  

also known as location based networking because the 

data location needs to be known before the desired 

data is received. A dedicated link for the path 

between the consumer and provider node needs to be 

established before any communication and 

transaction can be performed. Once the dedicated link 

session exists between the source and destination, 

then the network packet can be sent to the destination 

as the network packet identity is based on the 

combination of source IP address and destination IP 

address. 

Extensive prior research has been done to solve 

various issues and problems that exist within 

MANET.  

 

3. Named Data Networking as Future Direction on 

Energy Efficiency Improvement in MANET 

While the TCP/IP network or HCN paradigm 

has been proven to serve the internet effectively for 

nearly five decades, HCN still remains a stumbling 

block for MANET. After obtaining clearer insights 

on the limitations and disadvantages of Host 

Centric Networking based MANET (HCN based 

MANET) from this section, attention is now 

focused on other available network architecture, 

like NDN, that can be utilized as an alternative to 

improve energy efficiency in MANET. In 

justifying this proposed solution, a series of past 

research that highlighted the advantages of NDN, 

especially in terms of energy efficiency, is 

presented in the this section. 

According to authors in [7], there is vast 

potential to be explored by using NDN in wireless 

ad-hoc networks. By replacing end-to-end 

dedicated link sessions and switching IP address as 

endpoint identity with named data retrieval, NDN 

has the potential to be ideal for the MANET 

environment. However, proper procedures and 

approaches first need to be realized before NDN 

can be used in wireless multi-hop networking 

environments like MANET. 

In NDN, interest aggregation is performed efficiently 

because the same interest packet will not be 

‘forwarded’ repeatedly,  but is instead stored     in a 

PIT (Pending Interest Table) or dropped if it comes 

from the same network face. If the data packet has 

already been forwarded by  one of  each relay, the 

data packet is then stored in a content store that acts 

as network cache and it is directly retrieved from the 

content store, instead of the original location of the 

content provider. NDN also uses anycast data 

forwarding method whereby if the requested content 

comes from multiple content consumers, it will not 

be sent repeatedly by content provider, but the same 

content will instead be obtained from a local copy 

stored in a content store or provided in the form of 

replicated repository. 

Interest aggregation, in network caching and anycast 

forwarding in NDN forwarding strategy, makes NDN 

more energy efficient than any other network solution 

[2]. Energy conservation is achieved in NDN through 

the reduction of network packet redundancy as 

energy conservation is critical in mobile networks 

like MANET. 

Energy efficiency in a NDN based MANET can 

also be achieved because there is no exclusive 

control mechanism to perform global network con- 

vergence, as practiced in a HCN based MANET. 
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Additionally, there is no extra network traffic when 

control messages need to be sent multiple times to 

ensure that routing information is up-to-date and 

accurate. 

In terms of content delivery recovery due to node 

mobility in MANET, NDN uses superior energy 

efficient mechanisms as the content provider does 

not need to retransmit the data packet to be sent 

back to the con- tent consumers. This is because 

intermediate nodes can perform data packet 

forwarding and retry using broadcasting methods 

or adaptive for- warding methods. This means data 

packets will be retransmitted using an alternative 

path. Without the need to use complex mechanisms 

for broken link recovery and retransmission from 

content providers to content consumers, energy can 

be effectively conserved by using a NDN based 

MANET solution [7]. 

4. Conclusion 

Despite the extensive universal focus on efforts to 

reduce energy consumption in a IP-based MANET, 

there has yet to be any significant breakthroughs. 

This remains the reason why MANET technology 

has yet to be considered a viable choice to be 

widely used. The argument against MANET 

technology is due  to its energy conservation issues 

that have yet to be effectively solved. Some 

researchers argue that the use of HCN technology, 

which forms the basis of MANET technology, is the 

main cause for its high energy consumption. In view 

of these arguments, many energy efficiency 

improvement methods have been proposed to 

address this deficiency. It is to be noted that 

research on MANET technology has been bound to 

HCN, especially TCP/IP, since the inception  of 

MANET technology. Additionally, a glaring 

omission here is that MANET requirements are 

inconsistent with what TCP/IP features can provide 

and the available data on this deficient area is 

riddled with uncertainty and obscure at best. 
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