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ABSTRACT 
Wireless Sensor Networks (WSNs) consist of small nodes with computation, sensing, and wireless communications capabilities. 
Power management and data spreading protocols have been particularly intended for WSNs where energy awareness is an 
essential intended issue. Some protocols can be classified into QoS-based, query based, multipath-based, negotiation-based, and 
coherent-based depending on the protocol operation. We are analysis and investigating the tradeoffs energy consumption 
between gateways and communication overhead savings in every routing prototype. We also highlight the advantages, 
applications and performance issues of each routing technique. This functionality requires the nodes in the wireless and ad hoc 
network is to discover the gateway, using a gateway discovery protocol. However, a limiting factor (particularly for wireless 
mobile nodes) is suing their limited energy supply provided by batteries. By using QualNet 5.0 simulator we simulate the 
various mobility patterns and networks density scenarios, we also show that increase the number of gateways in wireless ad hoc 
network significantly improves the power efficiency of mobile node and therefore prevent network partition due to death nodes.  
Keywords: ad hoc network, energy efficient, gateways, power efficiency 

1. INTRODUCTION 
A wireless mobile Ad-hoc network is a collection of wireless mobile hosts forming nodes, which are randomly 
changing their locations, communicating without the aid of any centralized administration or standard support services. 
Each node participating in the network acts both as a host and a router. Although the advantages and convenience of 
wireless network, people always desire more than that. Most of the mobile equipments that form the wireless networks 
(mobile node) are rely on the limited battery power that make limit in the usage time. Longer battery life is desirable, 
but not always practical, affordable, or achievable. In wireless sensor networks, each node acts as both a router and an 
end node that takes part in route discovery and maintenance [1]. So, the failure of a node can greatly affect the 
performance of the network. As wireless networking has become an integral component of modern communication 
infrastructure in recent years for its applications in mobile and personal communications, energy efficiency will be an 
important design consideration due to the limited battery life of mobile terminals. The essence of using wireless devices 
is that they can be used anywhere at any time. One of the greatest limitations to that goal is finite power supply. Since 
batteries provide limited power, a general constraint of wireless communication is the short lifetime of mobile 
terminals. Therefore, power management is one of the most challenging problems in wireless communication [3]. 
 
The wireless ad hoc routing protocols were designed for communication within a MANET. Therefore, the routing 
protocol needs to be modified in order to provide bridging capability between a mobile device in a MANET and a fixed 
device in a wired network. To achieve this network interconnection, gateways that understand the protocols of both the 
MANET protocol stack and the TCP/IP suite are needed. All communication between the two networks must then pass 
through the gateway. Gateways expand the communication beyond the wireless ad hoc network, but require some last 
hop mobility management.  
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Figure 1 shows the gateway sensor node between wireless sensor networks  

Lowering energy consumption is a key goal in many multi-hop wireless ad hoc networking environments, especially 
when the individual nodes of the network are battery powered. These requirements have become increasingly important 
for new generations of wireless devices such as laptops, Personal Digital Assistant and mobile phones because the 
energy density achievable in batteries has grown only at a linear rate, while processing power and storage capacity have 
both grown exponentially [2]. 
As a result of these technological trends, many wireless enabled devices are now primarily energy constrained; while 
they possess the capability to run many sophisticated multimedia networked applications, their operational lifetime 
between recharges is often short. In addition, the energy consumed in communication by the radio interfaces is often 
higher than, or at least comparable to, the computational energy consumed by the processor. Figure 1 shows gateway 
between wireless sensor nodes and user at a corner, rather than at the center, will more likely result in a higher delay 
and lower throughput for the mesh. The effective total transmission energy, which includes the energy spent in 
potential retransmissions consumed per packet, is the proper metric for reliable, energy-efficient communications. The 
maximum and minimum of energy of candidate nodes is dependent on the number of gateway and mobility pattern of 
mobile nodes, since they directly affect the energy utilized in changing their immediate hop path to get to the desired 
external destination. Analysis of the interplay between the numbers of gateway and mobility patterns of mobile node 
reveals several key results [4]. The rest of this paper is organized as follows: section 2 introduces different approaches 
to power control and energy consumption in wireless sensor networks (WSN). Section 3 implementation of gateway 
discovery and route setup. In section 4 describes the simulation setup and environment (mobility and traffic patterns). 
In section 5 simulation results on QualNet 5.0. Finally, section 6 summarizes and concludes.   

2. POWER CONTROL AND ENERGY CONSUMPTION IN WIRELESS SENSOR NETWORKS 

2.1 Different power control approaches in wireless sensor networks: 
Two of the most important goals in designing of wireless sensor networks are to provide high throughput and to lower 
the energy consumption of the nodes. Power saving strategies can be classified into three main categories: power-aware 
routing, transmission power control, and use of power save modes [5]. 

a) Power-Aware Routing: 
Most of the current routing algorithms are based on the shortest route path metric. However, the shortest path does not 
guaranty the optimal power consumption. Communication between two nodes distant away could cost more energy than 
using multi-hop communication via intermediate nodes. That is because, long range transmission need more power to 
transmit signal and also lowers the receiver sensitivity which could lead to the overhear problem. 
In contrast to conventional wired routing protocols which try to utilize the minimum-hop route, power-aware routing 
protocols usually aim to utilize the most energy-efficient route. These protocols exploit the fact that the transmission 
power required on a wireless link is a non-linear function of the link distance, and assume that each node can adapt 
their transmission power levels. As a consequence of this, it turns out that choosing a route with a large number of  
short-distance hops often consume significantly less energy than an alternative one with a few long-distance hops (The 
radios all used an identical transmission power independent of the link distance, and if all the wireless links are error-
free, then conventional minimum-hop routing) [5]. 
This is especially important in practical multi-hop wireless environments, where packet loss rates can be as high as 12–
28 %. Besides, presenting the algorithmic modifications needed to compute a minimum energy path for reliable 
communication, conventional routing protocols are ‘‘proactive’’ and compute paths for each (source to destination) pair 
irrespective of whether those paths are needed or used. This requires the periodic exchange or flooding of routing 
messages, which can itself consume significant energy, especially when the traffic flows are sparsely distributed. To 
avoid these overheads, a family of ‘‘reactive’’ routing protocols has been proposed specifically for wireless networks. 
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These protocols (e.g., AODV and DSR) compute routes on demand, when they are needed for a specific traffic flow. 
Using AODV as a representative protocol, we shall explain the enhancements needed to compute minimum-energy 
reliable paths with a reactive protocol. Research about power-aware routing in show that such a routing algorithm 
reduces the cost/packet of routing packets by 5-30% over shortest hop routing and even reduces the energy consumption 
by 50-70% when using protocols such as PAMAS [5] [7] (Power Aware Multi-Access Protocol) or PARO (Power-
Aware Route Optimization) [6]. PAMAS is an energy-aware MAC/routing protocol, which proposes to set the link cost 
equal to the transmission power; the minimum-cost path is then equivalent to the one that uses the smallest cumulative 
energy. In the variable-power case, where nodes adjust their power on the basis of the link distance, such a formulation 
often selects a path with a large number of hops. This approach uses a modified form of the Bellman Ford algorithm. 
Therefore the selected paths have a smaller number of hops than in the power-aware multi-access protocol with 
signaling. 
Alternative metrics, besides the minimum cumulative transmission energy, have also been considered for selection of 
energy efficient routes in wireless environments. Indeed, selecting minimum-energy paths can sometimes unfairly 
penalize a subset of the nodes; for instance, if several minimum-energy routes have a common node in the path, the 
battery of that node will be exhausted quickly. Researchers have thus used an alternate objective function maximizing 
the network lifetime that considers both the energy consumption of a particular path and the remaining battery capacity 
of nodes on that path. A minimum-cost path selection algorithm then helps to navigate routes away from paths where 
many of the intermediate nodes are facing battery exhaustion. Similarly, the MMBCR and CMMBCR algorithms use a 
MAX-MIN route selection strategy, choosing a path that has the largest capacity value for its most critical node, where 
the bottleneck node for any given path is the one that has the least residual battery capacity [6]. 

b) Transmission Power Control: 
Power control in wireless sensor networks has been the focus of wide research. The main objective are to reduce the 
total energy consumed in packet delivery ratio, increase the network throughput and also increases the performance of 
the overall network by increasing the channel’s spatial reuse of the available channels.  We change the transmission 
power to adapt to the interference and error rate of the transmission link. Reducing the power reduces the transmission 
range and decreases the required battery power [9].  
The IEEE 802.11 standard is by far the most prevailing Media Access Control (MAC) protocol for wireless networks. 
This protocol generally follows the prototype, with extensions to allow for the exchange of Request-To-Send/Clear-To-
Send (RTS/CTS) handshake packets between the transmitter and the receiver. These control packets are needed to 
reserve a transmission period for the subsequent data packets. Nodes transmit their control and data packets at a fixed 
(maximum) power level, preventing all other potentially interfering nodes from starting their own transmissions. Any 
node that hears the RTS or the CTS message defers its transmission until the ongoing transmission is over. 
For example, the situation in Figure 2, where node 1 uses its maximum transmission power to send its packets to node 
2. For simplicity, we assume the used of omni-directional antennas, so a node’s coverage floor is represented by a circle 
in a two-dimensional (2D space). Nodes 3 and 4 hear B’s CTS message and therefore wait for transmission 1 → 2 to 
finish before attempt to access the medium. However, both transmissions 1 → 2 and 3 → 4 could take place at the same 
time if nodes were able to select their transmission powers appropriately, hence, increasing the network throughout and 
reducing the per packet energy consumption. However, this dynamic reduction in power is not provided in the standard. 

 
Figure 2: Inefficiency of the standard Request-To-Send and Clear-To-Send (RTS-CTS) approach 

c) Power Saving Modes: 
The 802.11 network interface cards consume major amounts of energy and drain batteries fast, particularly in smaller 
handheld devices. To extend battery life, the 802.11 standard defines an optional "power-save mode”. End users can 
activate power-save mode via the radio card’s or operating system interface. If power-save mode disabled, the 802.11 
network card is generally in receive mode listening for packets and infrequently in transmit mode when sending 
packets. The important point is how long a node should be put in sleep mode [9] [10]. 
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2.2 RTS/CTS: 
Both RTS/CTS and CTS-to-Self have unfavorable impacts on throughput. RTS/CTS has greater negative impact on 
throughput, but a more positive impact on hidden nodes in most wireless environments. As an optional feature, the 
802.11 standard includes the Request-to-Send/Clear-to-Send (RTS/CTS) function to reserve medium access. With 
RTS/CTS enabled, a station may transmit a data frame after it completes an RTS/CTS handshake with the immediate 
receiver of the data frame. A station (or access point) initiates the four step frame exchange sequence by sending an 
RTS frame to the intended receiver of the subsequent data frame [11]. The immediate receiver of the RTS responds 
with a CTS frame. The station that sent the RTS frame must receive the CTS frame before sending the data frame. The 
RTS and CTS frames each contain values in their duration fields that indicate the amount of time needed to complete 
the transfer of the subsequent data frame and acknowledgement. This duration field value alerts nearby stations to hold 
off from transmitting for the duration of the four step frame exchange sequence. The RTS/CTS protocol provides 
positive control over the use of the shared medium. The purpose of the RTS/CTS protocol is to reserve the wireless 
medium in order to minimize collisions among hidden stations. This “hidden node” problem can occur when users and 
access points are spread out throughout a facility or when 802.1b and 802.11g. Using the RTS/CTS protocol to alleviate 
collisions in this kind of scenario is a “protection mechanism” as described earlier. The main difference between use of 
the RTS/CTS protocol as a manually-configured medium reservation tool and use of the RTS/CTS protocol as a 
protection mechanism is that when RTS/CTS is used as a protection mechanism, it is automatically enabled by the 
access point’s beacons [11].  

2.2.1 Duration Values & Modulation:  
There are a complex set of rules regarding duration values specified by the 802.11g standard, which will be translated 
into layman’s terms bellow. In a fragment burst (i.e., a series of frames which are due to fragmentation of a frames 
which exceeds the link MTU and are sent as a burst), the modulation of frames is as follows.  Non ERP modulation is 
used with:  

 RTS & CTS frames  
 All ACK frames except the last ACK frame in the fragment burst;  
 All data fragments except the last fragment in a burst ERP modulation is used with;  
 The last ACK frame in a fragment burst; 
 The last data fragment in a burst; 

 
ACK frames should be sent at the same rate and modulation as the data frame which preceded it. If they are not, then 
the station that transmitted the data frame may not understand the ACK and may begin retransmissions.  
If a protection mechanism, such as RTS/CTS, is being used, a fragment sequence may only employ ERP-OFDM 
modulation for the final fragment and control response because the duration values of data fragments and their 
corresponding Non ERP-modulated data fragment and ACK frames are used as a virtual RTS and CTS for subsequent 
fragments and Acknowledgement frames (ACKs). In order to be understood by Non-ERP stations, all but the last 
fragment and ACK must be sent using a modulation that Non-ERP stations will understand [11].  
 
Each ACK frame sets the NAV of Non-ERP (and ERP) stations in the BSS and BSA to a value equal to the subsequent 
SIFS+DATA+SIFS+ACK (ACKs that are not the last ACK) or to a value of 0 (the last ACK). The data fragments 
(except the last fragment) also set the NAV of ERP and Non-ERP stations in the BSS by having a duration value equal 
to that of the subsequent SIFS+ACK. Therefore, these data fragments must also be sent using a modulation type that is 
understood by Non-ERP stations. The last data fragment and ACK are covered by the duration value of the immediately 
preceding ACK frame, so they can be transmitted using ERP-OFDM without any problems.  
 
Notice in Figure 3 and Figure 4 that each frame contains a duration value equal to subsequent inter-frame spaces and 
frames in accordance with the rules listed above. A frame’s duration value never takes into account its own length, but 
rather a certain number of inter-frame spaces and frames that come after it in a frame exchange sequence. In Figure 3, 
the data frame and ACK may be transmitted using ERP-OFDM modulation because there is no fragmentation in use 
[11]. 
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Figure 3: Duration – no Fragmentation 
 

RTS and CTS frame duration values only provide for the first data fragment and its corresponding acknowledgement as 
shown in Figure 4. The duration value found in subsequent data fragments and their ACK frames reserve the medium 
for enough time for the next fragment and ACK. In figure 4, the first data fragment must use Non-ERP modulation 
(such as BPSK, QPSK, or CCK), and the second data fragment will use OFDM modulation. There is no need for the 
last data fragment and ACK to be understood (for NAV-setting purposes) by Non-ERP stations in the BSS because the 
previous ACK reserved the medium using Non-ERP modulation [12]. 

 
 

Figure 4: Duration – Fragmentation 

3.   IMPLEMENTATION: 
In this section we discuss how we have implemented default route and half tunnel gateway connectivity in the AODV 
in ad hoc routing protocol in QualNet 5.0 simulator. AODV is a routing protocol that discovers routes on-demand by 
flooding the network with route request packets (RREQs). Route replies (RREPs) are sent back by the destination itself 
or by nodes with an active route to the destination. Routes setup through this process is only maintained as long as 
packets are being forwarded. Routing loops are avoided by the use of destination sequence numbers. The AODV-DV 
implementation was selected as the basis for our modifications [15]. 

3.1 Gateway Discovery and Route Setup: 
We chose to implement the same type of gateway discovery and route setup mechanisms for both default routes and half 
tunnels, so that the comparison would be as fair as possible. We adopted a route discovery procedure based on the 
regular one found in AODV with minor modifications to unify gateway discovery and route setup. This integrates well 
with AODV’s reactiveness and is efficient. A node initiates a route discovery by flooding the network with RREQs as it 
would normally do when it does not have a route to a destination. A gateway that receives this RREQ determines 
address locality (i.e., whether the destination is an Internet host or an ad hoc node) and will send a RREP to the ad hoc 
source node if the destination is an Internet host. The RREP that a gateway sends in response to a request for an 
Internet destination carries an extra AODV RREP extension. It holds the IP address of the requested Internet host for 
which an ad hoc network node issued a RREQ. The RREP itself looks like a normal RREP that would be sent in 
response to a RREQ for the gateway. The extra signaling provided by the extension is used to configure the default 
route or tunnel state at the same time as the gateway route is configured. When a source node receives this RREP the 
default route or tunnel is ready for operation [7]. 

DIFS RTS SIFS CTS SIFS DATA 
More 

Frag=1 

SIFS ACK SIFS DATA 
More 

Frag=0 
 

SIFS ACK 
Duration 
=0.5µs 

 

DIFS 

RTS 

CTS 

DATA 

DATA 

ACK 

DIFS RTS SIFS CTS SIFS DATA 
More 

Frag=0 

SIFS ACK 
Duration 
=0.5µs 

 

DIFS 

RTS 

CTS 

DATA 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org, editorijaiem@gmail.com  

Volume 2, Issue 3, March 2013   ISSN 2319 - 4847 
 

Volume 2, Issue 3, March 2013 Page 181 
 

4. SIMULATION SETUP AND ENVIRONMENT  

4.1 Mobility and traffic patterns: 
The experimental environment used IMPORTANT (Impact of Mobility Patterns on Routing in Ad-hoc Networks 
framework as its mobility patent generator.  In this framework, mobility is viewed as a multi-dimensional evaluation 
space, with each dimension representing a specific mobility characteristic. Various protocol independent metrics are 
proposed to capture interesting mobility characteristics of a mobility space and connectivity graph. By using a rich set 
of parameterized mobility models (including Random Waypoint, Group Mobility, File and  models), several 'test-suite' 
scenarios are chosen to carefully span the mobility space. With Freeway, RPGM, and Manhattan mobility patterns, the 
speed of the nodes are changed from slow (5km/h) to fast (65km/h). The change is translated in terms of network 
topology structure is changed from static to highly dynamic. Similar parameters were also used for the Random 
Waypoint scenario where the “pause time” of mobile nodes in the area is changed from 0s to 300s; this has the opposite 
effect as it changes the network topology from being highly dynamic to essentially static [7]. 

4.2 Power saving modes: 

4.2.1 Energy consumption states: 
The network interface has four possible energy consumption states: TRANSMIT (TX) and RECEIVE (RX) are for 
transmitting and receiving data. In the IDLE mode, the interface can transmit or receive. This is the default mode for 
ad hoc environment. The SLEEP mode has extremely low power consumption. The interface can neither transmit nor 
receive until it is woken up. A base station moderates communication among mobile nodes, scheduling and buffering 
traffic so that the mobiles can spend most of their time in the sleep state. In an ad hoc environment, there are no base 
stations and nodes cannot predict when they will receive traffic. Therefore, the default state in an ad hoc network is the 
IDLE state, rather than the sleep state. The model computes costs relative to the idle state. As there is currently little 
work in the area of energy management for ad hoc networks, the model does not provide for arbitrary transition to the 
SLEEP state. The model assumes that the same link-layer operation always has the same costs: an assumption that may 
not be true if, for example, signal strength affects the energy required to receive the data [7] [8]. 

4.3 Energy level setting: 
The energy level setting is based on propagation model, range of transmission, gain of the antenna, system lost and 
frequency used. The threshold utility support generates the transmission (TX), received (RX), sleep, idle value and 
other energy related follow 802.11 standards. Difficulties arise when choosing the suitable energy level of mobile node 
because of the diversity of the simulation environment. The study in the previous chapter shows that, the protection 
mechanism will cause the node to use non-ERP mechanism instead of ERP. Therefore, the Non-ERP was chosen to 
reflect of the actual scenarios [8]. 

4.4 Metrics and Parameters for Energy Consumption: 

4.4.1 Minimize Energy consumed: 
Minimizing the energy consumed is one of the most obvious metrics that reflects our perception about conserving 
energy. Assume that some packet j travels via nodes n1, . . . ,nk where n1 is the source and nk the destination. Let 
denote the energy consumed in transmitting (and receiving) one packet over one hop from 1 to 2 [8]. Then the energy 
consumed 

for packet j is, 
1

1( , )
k

j i i
i i

e T n n





 
 

 

4.5 Applications of Gateways between ad-hoc and other networks: 

4.5.1 Internet connectivity for mobile ad hoc networks: 
A MANET is useful for many situations such as battle field, emergency, remote area or in disasters the ability to 
connect to the Internet is generally highly desirable. This internetworking is achieved by using gateways, which act as 
bridges between a MANET and the Internet. In order to communicate with a host located on the Internet a mobile node 
in the MANET needs to find a route to a gateway. This requires gateway discovery between nodes [12].  
Two classes of approaches have been proposed to support connectivity between ad hoc networks and the Internet.  

 Proactive schemes flood advertisements from nodes through the whole ad hoc network to find the gateway. 
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Such approaches provide good connectivity, but impose a high overhead, especially when not all the nodes in 
the ad hoc network require external connectivity.  

 Reactive schemes allow the mobile nodes to broadcast solicitations to find nodes and gateways as they are 
needed. Such approaches keep the overhead of maintaining connectivity to external networks low, but 
negatively impact on the mechanisms necessary for gateway discovery and movement detection. 

 Hybrid scheme that combines proactive and reactive techniques to provide connectivity with reduced overhead. 
In our approach, gateway discovery advertisements are flooded within a limited number of hops. Nodes that 
are outside this hop limit use reactive techniques to solicit foreign agents when needed. A hybrid approach 
combines the advantages of both proactive and reactive approaches and provides good connectivity while 
keeping overhead costs low. 

4.5.2 Mobile IP and IPv6: 
Choosing an addressing scheme is also an important issue when designing gateway discovery protocol for MANET. 
Two popular approaches are: Mobile IP and IPv6. Mobile IP using the traditional IPv4 addressing scheme and TCP/IP 
protocol stack is easy to deploy. However, mobile IP requires additional mechanism to handle problems of triangle 
routing, keep session alive when roaming. IPv6 solves the scalability problem and provide a unified architecture, but 
nodes in both wired and wireless domain need to change addressing architecture in order to communicate with each 
other. Here we will use the IPv6 solution which provide a better scalability and a complete solution [13]. 

4.5.3 Energy consumption model for Internet connectivity in MANET: 
The more closely a simulation reflects specific hardware, the more accurate its estimate of the energy consumed. The 
energy consumption model and simulation environment were chosen to balance these goals: a precise estimate of 
energy consumption and high level insight into protocol behavior. The enhanced QualNet 5.0 simulation environment 
models the IEEE 802.11 MAC layer, logging control and data messages. The energy consumption model was therefore 
built based on the IEEE 802.11 protocol, rather than electronic properties such as mode switching and signal response. 
Experimental results reflecting the observed energy consumption of an IEEE 802.11 wireless interface were 
incorporated into the model, providing a quantitative example of energy consumption. 

4.5.4 Transmit (Tx) and Receive (Rx): 
The network interface has four possible energy consumption states: transmit and receive are for transmitting and 
receiving data. In the idle mode, the interface can transmit or receive. This is the default mode for a node in an ad hoc 
environment. The sleep mode has extremely low power consumption. The interface can neither transmit nor receive 
until it is woken up. A base station moderates communication among mobile nodes, scheduling and buffering traffic so 
that the mobiles can spend most of their time in the sleep state. In an ad hoc environment, there are no base stations 
and therefore nodes cannot predict when they will receive traffic. The default state of a node in ad hoc networks is idle. 
The model assumes that the same link-layer operation always has the same costs: an assumption that may not be true if, 
for example, signal strength affects the energy required to receive the data [13]. 

4.5.5 Cost of receiving: 
The cost of receiving is significant because if a broadcast message is received by more than about four neighbors, the 
total cost of receiving the packet is greater than the cost of sending it. The relative cost of receiving is likely to increase, 
reflecting a trend toward greater sensitivity and signal processing capabilities at the receiver.  The fixed cost of sending 
or receiving a packet is relatively large compared to the incremental cost. For small packets (140 bytes broadcast or 260 
bytes point-to-point), the fixed cost is greater than the incremental cost of sending or receiving a byte. This implies, for 
example, that small ROUTE_REQUEST or “HELLO” messages are a relatively expensive mechanism. It also suggests 
that source routing headers are relatively inexpensive in terms of energy consumption [14]. 

5. SIMULATION RESULTS 

5.1 Random waypoint model: 
The Random Waypoint model is the most commonly used mobility model in research community. In the current 
distribution of ns2, the implementation of this mobility pattern is as follows: at every instant, a node randomly chooses 
a destination and moves towards it with a velocity chosen uniformly randomly from [0,Vmax], where Vmax is the 
maximum allowable velocity for every mobile node. After reaching the destination, the node stops for a duration 
defined by the “pause time” parameter. After that, node chooses another random destination and repeats the whole 
process until the simulation ends. Figure 5 shows the simulation in Random waypoint scenario, 20 mobile nodes (blue 
circle) are distributed randomly in the simulated area [15]. 
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Figure 5 shows the running scenario of AODV routing protocol for RTS/CTS configuration   

5.2 Group mobility model: 
Group mobility can be used in military battlefield and command based communication. Here, each group has a logical 
group leader. Figure 5 Shows the movements of AODV nodes are determined by the group leader’s behavior; including 
location, speed, direction, and acceleration. Initially, each member of the group is uniformly distributed in the 
neighborhood of the group leader. Subsequently, at each instant, every node has a speed and direction that is derived by 
randomly deviating from that of the group leader is implemented and as shown in figure 5. 

 

 
Figure 6 shows the outcome of throughput of AODV routing protocol for RTS/CTS configuration. 

 

 
Figure 7 shows the outcome of no. of RREQ Received of AODV routing protocol for RTS/CTS configuration. 

 
 

  
Figure 8 shows the outcome of CTS packet sent of AODV routing protocol configuration. 
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Figure 9 shows the outcome of RTS packet sent of AODV routing protocol configuration. 

 

 
Figure 10 shows the outcome of ACK packet sent of AODV routing protocol configuration. 

 
Figure 11 shows the outcome of Broadcast packet sent of AODV routing protocol  

configuration. 

 
Figure 12 shows the outcome of Broadcast packet received clearly of AODV routing  

protocol configuration. 
 

 
Figure 13 shows the outcome of Energy consumed (in mjule) in Transmit mode of AODV  

Routing protocol configuration. 
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Figure 14 shows the outcome of Energy consumed (in mjule) in Transmit mode of AODV routing  

protocol configuration. 
 

 
Figure 15 shows the outcome of Energy consumed (in mjule) in ideal mode of AODV  

routing protocol configuration. 

6. CONCLUSIONS AND FUTURE WORK 
In this paper we have presented an implementation of a gateway to provide interoperability between routing protocols 
in the ad hoc and terrestrial network domains. We have provided details of our design and our implementation. We 
hope that this will provide valuable information to other researcher’s develop a routing gateways. Discarding a packet 
is generally much less expensive than receiving it. With large messages, non-destination nodes can reduce their energy 
consumption while data is being transmitted and therefore significant reduce energy consumed to receive and process 
the packet if they can quickly determine that the packet is not relevant to them and then enter sleep mode for the 
duration of the packet. 
(i) Effect of changing the number of gateways: 
Changing the number of gateways in ad hoc networks not only has a big impact on the performance of the system, but 
also can make a significant difference in energy consumption of the wireless nodes. In this simulation, different 
numbers of gateways are placed in a square area (1500m x 1500m) in order to maximize the network coverage. By 
placing different number of gateways in the simulation area, the results show that the energy consumption of mobile 
nodes is different under all mobility patterns. By increasing the number of gateways, the residual energy of the nodes is 
increased significantly. The total energy consumption decreases because the mobile node can chose an alternative way 
to reach to the gateway. Increasing the number of gateways makes the routes shorter and therefore decreases the 
number of route hops required by the packet to reach its destination. The energy consumed when changing the number 
of gateway from 1 to 5, and from 1 to 20 is quite sizeable. The energy utilization ratio is between 18 – 27% of total 
energy consumed. If there are only few gateways, in order to reach the nodes outside ad hoc network, the number of 
hops to reach the gateway point is greater than when there are many numbers of gateways. Although nodes can choose 
different paths, there is only one default gateway.  Furthermore, the number of hops to reach the destination is still high 
and changing the default gateway requires activating the gateway discovery protocol which will consume a lot of 
power. 
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