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Abstract 

 Several strategies have been described in literature for selection of gateway nodes in Mobile 

Ad-hoc Networks (MANETs). Some aim at selecting gateway nodes based on single Quality 

of Service (QoS) attributes like end to end delays, capacity of links, path availability etc., 

while the other schemes make use of multiple non-QoS attributes such as considering the 

combined impact of hop count, residual energy, and gateways node speed. As most of the 

work till now had been focusing on single attributes like packet delivery, packet drop-ratio, 

system throughput etc. for gateway selection, the overall network performance could not be 

improved in an effective manner. Thus, we propose a gateway selection scheme that takes 

into account multiple QoS path parameters like latency, path availability period, capacity 

available, number of retransmission and average path occupancy to select a potential gateway 

node. It is important to choose a gateway that has a stable path with minimum latency and 

maximum residual load capacity. It has been found that our proposed approach improves end-

to-end delay as compared to existing gateway selection approaches that use single QoS path 

attribute.   

Keywords- MANETs, Quality of Service (QoS), end to end delay, network performance. 

 

 

I. INTRODUCTION 

 

Mobile Ad-Hoc Networks (MANETs) [1] refer to infrastructureless networks that allows 

autonomous nodes connected through wireless medium to communicate with other mobile 

nodes with the help of base station. In MANETs, the mobile nodes are used as routers as well 

as computing devices. Based on how the nodes communicate, MANETs can be classified into 

two types namely, standalone MANETs and interconnected MANETs. In the stand alone 

scenario, nodes only communicate within the network i.e. the network is not connected to any 

other network and all the communication takes place within the network. The interconnected 

network, as the name suggests, is connected to infrastructure network. 

There are some MANET nodes called as gateway nodes that are responsible for making 

communication possible between infrastructed networks and the ad hoc networks. These 

gateway nodes have multiple interfaces. An effective communication lies in making a proper 

choice for these gateway nodes i.e. the ad hoc network has to select amongst the several 

gateways available, a gateway before beginning to communicate with a node in the 

infrastructure network. This process of gateway discovery and selection is an important factor 

for integrating AD Hoc and Infrastructure Networks.    

Gateway discovery [2] is a fundamental process in connecting MANET with the internet. A 

mobile node can connect to the internet by discovery of some specialized nodes called as 

gateway nodes. These Gateway nodes act as a bridge between the mobile ad hoc networks 

and the internet. The basic aim of the gateway discovery approach is to modify the route 
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discovery process so that it is not only used for discovery of destination mobile nodes but 

also the gateways. 

 
 

Several gateway selection methods [3] have been proposed that consider different QoS or 

non-QoS parameters for choosing a potential gateway node. As described earlier, these 

parameters include delay, gateway nodes‟ residual load capacity, hop count or a combination 

of such attributes. 

 

II. GATEWAY SELECTION PARAMETER 

To find the performance of the gateway selection scheme  using following parameters:  

 Path Availability Period  

 Path Latency 

 Residual Load Capacity  

We compute the above parameters as proposed scheme in [7].  

 

2.1 Path Availability Period 

 

The speed and direction in which the nodes move in MANETs is not fixed. This accounts for 

their dynamic topology. The path availability period (Lp) refers to the time during which a 

gateway is available to a MANET node using a particular path p.  An example of Random 

Walk Mobility Model [4] describes this. In this, the movement of each node is described in 

terms of „epoch‟ that refers to random length intervals during which a nodes moves ina 

certain direction θ and at a certain speed v. Here, different time intervals account for different 

link availability periods between two nodes. The minimum link availability periods between 

two intermediate nodes in a path define the path availability period between those two nodes 

that are not immediate neighbors. Link Connectivity Prediction Method [5] provides us the 

basis for determining path availaibity period. Here, Lp refers to minimum link availability 

period and ln refers to link availability period between two neighbor intermediate nodes from 

source MANET node(s) to gateway node (G). 

Lp= min{ln} 

Where, n denotes the link between intermediate nodes in path p. In [7], link connectivity 

period, ln, of a link between node x and y is determined in the following manner. Let node x 

and y on path p are in the transmission range tr of each other and the current positions of 

nodes x and y are (ax, bx) and (ay by), respectively. Suppose θx and θy are moving directions 

and vx and vy are speeds of node x and y, respectively. Then, ln is calculated as- 
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ln= 
𝜶𝜷+𝜸𝝆  +   𝜶𝟐 +𝜸𝟐  𝒕𝒓𝟐 –(𝜶𝝆−𝜷𝜸)𝟐

(𝜶𝟐 + 𝜸𝟐 )𝟐
 

 

Whereα= vxcosθx− vycosθy, β = ax− ay, 

γ = vxsinθx−vysinθy, and ρ = bx− by 

 

2.2 Residual Load Capacity of a Path 

The gateway nodes can be approached with the help of multiple paths in MANET. These 

multiple paths may contain few common nodes between gateway nodes and mobile nodes. In 

case of end to end paths, if the traffic is forwarded with the help of these common nodes, it 

may happen that the common nodes suffer from being overloaded and thus, result in delays 

and congestion and finally increased ate of packet losses. Almost all the existing schemes 

only focus on determining traffic load of gateway nodes for selecting gateways. This is an 

inefficient solution. A better solution is provided in our proposed approach where a path that 

has maximum available load capacity is used for choosing a gateway node. The minimum 

available load capacity at any node, that includes intermediate nodes and gateway node, in a 

path can be used to determine residual load capacity of that path. Suppose the maximum load 

capacity of a node m is μ and the current traffic load handled by m is λm, then the residual 

load capacity, cm, at node m is computed as 

cu= μ − λm, where λm=  𝒓𝒋𝒌𝒋
𝒔
𝒋=𝟏  

λm refers to node m‟s current traffic load that is relaying traffic from s traffic sources, and kj 

and rj indicate average packet size of traffic and average packet arrival rate from source j, 

respectively. The overall residual load capacity Cp of path p is computed as 

Cp= min {cp}  

Where cp refers to residual capacity of  intermediate nodes in the route including gateway 

node. 

 
 

Figure 2.1 Bottleneck situation in MANET 

2.3 Path Latency 

 

The latency of any path is determined as the addition over the latencies of each link in the 

path between the gateway node and the mobile node. These latencies increase in two ways- 

firstly, when the traffic load appears to be very high and, secondly, when the packet is passed 

from the sender to the receiver in multiple hops.Path latency is determined by the equation 

defined below- 

 Latency of a path= Queuing delays+ Processing delays+ Transmission delays+ 

Propagation delays. 

 

At last, the overall QoS value of a path p, δp, is computed as 



International Journal of Advanced Scientific and Technical Research                Issue 4 volume 3, May-June 2014 

Available online on http://www.rspublication.com/ijst/index.html                                                ISSN 2249-9954 

 

R S. Publication, rspublicationhouse@gmail.com Page 850 
 

 

δi =  
𝑳𝒑

𝑳𝒎𝒂𝒙
 +  

𝑪𝒑

𝑪𝒎𝒂𝒙
 +   

𝒀𝒎𝒊𝒏

𝒀𝒑
  

Here, in the above equation, Lmax, Ymin and Cmax are the maximum path availability period, 

maximum residual path load capacity, and minimum path latency. 

δi is calculated corresponding to every particular path to the gateway nodes. From these 

values, a MANET node selects a gateway node with paths having maximum δi. One can give 

preferences for any parameter if one wants the results of the  selection of the gateways 

according to those parameters.  

 

III. PROPOSED GATEWAY SELECTION PARAMETER 

 

Our proposed work is an improvement of [7] where authors have considered path availability 

period, residual capacity and path latency as a multiple QoS parameters. We have modified 

the work done by Safdar Hussain et.al. by added 2 more QoS parameters in it, which are 

Number of Re-transmission and Interface Queue Occupancy. Our multiple QoS path 

parameter scheme consists with 5 various parameters that give a better QoS value for 

efficient and robust gateway selection.   

 

3.1 Number of Retransmissions 

 

The number of retransmissions required to send packets by measuring the loss rate of 

broadcast packets between pairs of neighboring nodes.Let us consider an example, suppose 

two nodes A and B want to send Hello packet to each other in every t1 interval. Suppose that 

t1 = 2 seconds and t2 = 20 seconds for this example. Thus number of packets sent out by each 

node during t2 interval is N = t2/t1 = 10. Node A has received only NA = 8 hello packet while 

node B received NB =7.   

 Thus, the packet loss rates can be defined as  

rLF = (N -NA) / N = 0.2  

 

rLR= (N -NB) / N = 0.3 

For the links from A to B and from B to A, where the subscripts LF and LR stand for loss on 

forward and reverse path. The probability of sending a packet and successfully receiving the 

acknowledgement in a single attempt:  

PSR = (1 – rLF) × (1 – rLR) = 0.56.    

If we assume that losses are independent, the expected number of retransmissions until the 

packet is successfully delivered: 

QA-B (Number of re-transmission) = 1/PSR= 1.79 

 

3.2 Interface Queue Occupancy 

𝐴𝑣𝑔_𝑞_𝑜𝑐𝑐𝑢𝑝 =
q_occupancy +  𝑛𝑏_𝑞_𝑜𝑐𝑐𝑢𝑝𝑎𝑛𝑐𝑦

N + 1
 

The above formula is used to compute the avg_q_occupancy (congestion at a node along a 

path) of every node in the network. Firstly, nb_occupancy of all neighbor nodes of a 

particular node is calculated. The sum of all neighbor nodes occupancy and a particular 

node‟s own occupancy is calculated. Here, N suggests number of nodes. A mobile node 

receives non duplicate advertisement.  Interface Queue Occupancy for all nodes in the path 

get calculated. The summation of all the occupancies gives the Queue Occupancy of 

complete path. 
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3.3 Calculation of QoS Parameter 
In last, the overall QoS value of a path i, δi, is computed as proposed scheme in [7] 

 

QoS = (
𝑳𝒑

𝑳𝒎𝒂𝒙
+

𝑪𝒑

𝑪𝒎𝒂𝒙
+

𝒀𝒎𝒊𝒏

𝒀𝒑
+

𝑸𝒎𝒊𝒏

𝑸𝒑
+

𝑶𝒎𝒊𝒏

𝑶𝒑
) 

 

Where Li, Ci, Yi, Qi and Oi are the path availability period, residual path load capacity, and 

path latency, No. of retransmission and Avg. congestion at nodes for path i from all the 

available paths between a MANET node and gateway node(s), respectively.A path which has 

a QoS value greater is selected. 

 

IV. RESULTS and ANALYSIS 

 

In this section, we analyze the performance of  proposed gateway selections approach in 

mobile ad hoc networks. We use network simulator (NS2.35) and  simulation parameters are 

depicted in Table 1. We use 25 mobile nodes along with three gateways which is simulated 

over the 1 Km x 1Km area While each node is able to use transmission range up to 175 

meters. Here we perform simulation upto 1000 seconds.  

Fig 4.1A  shows that a network topology consists of 10 mobile nodes and 3 gateways are 

used to provide the Internet connectivity between nodes of MANET. 

 

TABLE I- SIMULATION PARAMETERS 

 

Parameter Value 

Wireless MAC Interface IEEE 802.11b 

Data  rate 2MB 

Simulation area 1000*1000m 

Propagation Model  Two ray Ground 

Propagation 2.472GHz 

Transmission range 175m 

No. of gateway nodes 03 

No. of nodes 10 

K 2 hops 

MANET & gateway node speed 1 m/s, 2m/s, 3m/s, - - - , 5 m/s 

Mobility model Random way point 

Simulation time 1000s 

Idle Power 0.05 Watts 

Sleep Power 0.001 Watts 

Transmission Power 0.316 Watts 

GW_DISC messages interval 5s 

GW_ADV interval 10s 

Receiving Power 0.02 Watts 

Packet Size 512 bytes 

CBR interval (σ) 0.3s  to 0.09s 
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Fig 4.1A Scenario Based on MANET-Internet Integration 

 

Initially, suppose node 1 i.e. the source node in the above scenario want to discover gateway, 

then it broadcast the RREQ_I packet to the neighbor nodes and finally the RREQ_I packet 

reach to the gateways. IGWs receiving this message will send special route reply messages 

(RREP_I) back to the mobile node offering their services and IP address (or IP prefix 

address). If we assume that there are 4 paths that are reached to the gateways from source 

node 1 were discovered are as follows- 
Path 1 1-2-3-8-GW1 

Path 2 1-2-4-7-8-GW2 

Path 3 1-2-4-7-9-GW2 

Path 4 1-5-6-10-GW3 

 

Among all the 4 paths only one path is selected that is most prominent and have a higher 

quality of service value, where QoS is calculated as follows- 

 QoS = (
𝑳𝒑

𝑳𝒎𝒂𝒙
+

𝑪𝒑

𝑪𝒎𝒂𝒙
+

𝒀𝒎𝒊𝒏

𝒀𝒑
+

𝑸𝒎𝒊𝒏

𝑸𝒑
+

𝑶𝒎𝒊𝒏

𝑶𝒑
) 

QoSconventional = 
𝐿𝑖

𝐿𝑚𝑎𝑥
+

𝐶𝑖

𝐶𝑚𝑎𝑥
+

𝑌𝑚𝑖𝑛

𝑌𝑖
 

 

When we simulate the scenario and the various results we have observed for QoS parameters 

are as follows: 

 
                                              

Fig.4.3 Packet Drop Ratio V/S Node Speed 
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After considering the above simulation result we have selected the Path 3 for accessing the 

gateway, while the conventional mechanism selects Path 4.  

 

 
 

Fig 4.2 Throughput V/S Node Speed 

 

Conclusion 

We have proposed a multiple QoS path parameters based gateway selection scheme. Such 

parameters are path availability period, available capacity, latency, number of retransmission 

and average path occupancy to select a potential gateway node.  From the simulation results, 

it shows that our proposed scheme is better than single QoS path parameter gateway selection 

schemes in terms of packet drop ratio and throughput. 
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