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Abstract—Mobile Ad hoc networks do not have any form of centralized 
control as per their definition. Therefore, many challenges face the development 
of efficient protocols for such networks. One of the main challenges is the diffi-
culty of extracting the total number of nodes in the network, this paper aims to 
find an estimate for this number using the average hop count for messages ex-
changed in the network. Experiments of this paper are conducted on Ad Hoc 
networks under DSR and AODV routing protocols. Results show a relation be-
tween network size and average hop count that can be used to predict the num-
ber of nodes in the network. 

Keywords—Ad hoc, MANETs, AODV, DSR, Node count, Simulation, NS2, 
Topology. 

1 Introduction 

Recently, Mobile Ad hoc Networks (MANETs) are considered a significant chal-
lenge. The significant attention they have gained via the easiness of setup and usabil-
ity in many fields [1]. Yet many challenges arise to control the topology especially the 
hidden or neglected parts of these infrastructure-less networks [2]. 

Wireless networks have emerged in the 1970s, then they were used to enable mo-
bility[1]. MANETs began in the 1990s as a special type of Ad Hoc Networks. The 
difference was in the node mobility. In the mid of 1990, MANETs became popular 
and formed a significant research topic due to the emergence of 802.11/Wi-
Fi wireless networking, PDAs and the laptops [1][3][4]. 

The flexibility that enables MANETs to be used in many fields gave them their 
importance and the attention they have received [4]. Disasters recovery, security and 
military operations, are examples where MANETs considered significant [2]. A node 
in a MANET, can perform as a router, not only sender and receiver for data [5]. 

The dynamic nature of infrastructure-less networks such as MANETs, makes it 
important to find the routing paths and control the energy limitation problems, which 
have become significant issues [6],[7]. MANETs are used in situations where there is 
no need for a control unit because they are self-configured, through deployment of the 
nodes that can collectively set a network [8], [9]. 

This paper aims at detecting the number of active nodes in a network using DSR 
and AODV routing protocols. A better knowledge of the number of operating nodes 
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or transmitters present in the network area is a major factor that supports the proper 
operation of the network. [10] 

Sometimes it could be useful to know or at least estimate the number of active 
nodes composing the network, for example in parameter estimation or in non-
parametric regression [11]. In a distributed functionality protocol, number of nodes 
cannot be extracted using centralized methods. The estimation of the number of active 
agents is important also for peer-to-peer networks [11]. Moreover, knowledge of 
number of nodes is useful in the case of topology analysis [12]. knowledge of the total 
number of nodes in a network, even an estimated number is useful in developing 
efficient protocols for MANETs. It has been reported in the leteratuer that, knowledge 
of the total number of nodes in a MANET is one of the major missing factors that 
might affect protocol design decisions [10]. For instance, the number of nodes is a 
factor that affects the choice of speed in many mobility models [10] For example, 
estimating the total number of nodes can improve the media access control protocol. 

2 Related works 

In real life, any mobile device is considered a node in a network. Traces and syn-
thetic models are the main types of mobility models used in network simulation [13]; 
in the case of large mobile nodes number traces are used, for they provide accurate 
and adequate information. Traces are the patterns observed and found in real life. The 
other type is synthetic models that is used to represent how the mobile nodes acts in a 
realistic way [14], [15]. The synthetic models contain entity and group mobility mod-
els, the entity models represent the nodes that act and move independently of each 
other [16]. 

Number of nodes in a networks affects the decision that the simulation process, 
such as the type of protocol, routing, etc. Thus, detecting the number of nodes in a 
network has become a concern for researcher [5]. 

In [17], Kim et al. have found that the number of nodes that are transmitting data in 
parallel in the wireless network can be estimated by using clustering techniques. Their 
proposed method to analyzes the data of the Received signal strength indicator (RSSI) 
as a based parameter of a network, and The link quality indicator (LQI), which is less 
affected by the environment than the RSSI, and reveals the quality of the received 
signal between nodes. The information extracted from analyzing the RSSI and LQI 
data indicate the number of active nodes that are transmitting data in parallel in a 
nearby network. However, the results were not reliably correct since the classification 
was unsupervised. 

Moreover, the RSSI measurement depends on other factors than number of sending 
nodes. Such factors are transmission range and battery life. 

In addition, knowing the number of nodes can support some setup conditions. For 
example, a low density network allows scenarios with higher speeds of mobility [18]. 

To make sure that the network covers the targeted area, an optimization for the 
number of nodes should be considered. In an experiment to do achieve that Using NS-
2 simulator, Kim et al in [17] have found that the network should contain at least three 
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times the commonly known minimum necessary nodes to gain a stable connection for 
a simulation. Simulation parameters should be analyzed to measure the performance 
of the network, such as the size of the area that the network covers and number of 
nodes, since the number of the nodes affects the output [8], [9]. On the other hand, the 
features and characteristic of the network such as dynamicity of the topology and the 
transmission medium, can affect the security and reliability of connection [19], [20].  
This highlights how the estimation of node number in the active network is essential 
and can affect the steadiness of the connection [21]. 

3 Experiment Results and Analysis 

DSR and AODV routing protocols are used in this experiment to achieve desired 
outcomes.  

The Dynamic Source Routing protocol (DSR) is an efficient protocol that is widely 
used in Ad hoc networks because it enables the existence of network to be self-
configured without the infrastructure. It is composed mainly of two techniques; the 
routing discovery and the routing maintenance which works collaboratively to find 
the paths, maintain and preserve routes for destinations on the network [22]. 

The Ad hoc On-Demand Distance Vector (AODV) routing protocol, provides 
quick readjustment and adaptation to the connection conditions, such as the low pro-
cessing and utilization of the network. It uses destination nodes sequence to guarantee 
loop-free routes most of the time [18]. 

In this paper, the two protocols were used to find an estimation for the number of 
nodes using the average hop count. The use of these two protocols serves the target of 
extracting the number of nodes in the network with the minimum possible overhead. 
In the limited resource environment present in a MANET, overheads have significant 
impact on performance levels and life times.  

3.1 Simulation Parameters  

In this experiment, the parameters run for both AODV and DSR are: 

Table 1.  parametes selected in this experiment 

Parameter Value 
Area 1000 * 1000 
Time 800 s 
Nodes  From 10- 140 
Minimum speed 1 and maximum 4 
Transmission range 100, 125, 150, 175, 200, 250 meter 

 
The results extracted from simulation confirm the relation between number of 

nodes and average hop count. It is a logical consequence that routes become longer 
when increasing the number of nodes. However, the relation is expected.  
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The main goal of this research is to find an estimation for the number of nodes us-
ing the average hop count. Figure 1 demonstrates the average hop count for DSR 
protocol using transmission range of 250 meters. It can be seen that for network size 
of 10 to 70 nodes, the average hop count is 1.  

The value increases for sizes between 80 and 120 to reach 2 and then increases to 3 
when the network size is above 120. Although the resolution is not high for the first 
range, this value usable to estimate the number of nodes in an Ad Hoc network. 
Moreover, the estimation is easier for larger network sizes. The same conclusion is 
valid for other transmission ranges as the figures 2, 3 and 4 show. 

The figure indicates that the hop count is not a strong indicator when the network 
size is small, less than 80 nodes in this case. This could be affected by many factors 
such as mobility patterns, initial node location and clustering in the internet.  

 
Fig. 1. Average Hop Count for DSR against number of nodes at transmission range of 250m 

 
Fig. 2. Average Hop Count for DSR against number of nodes at transmission range of 200m 

!"

#"

$"

%"

&"

!" #!" $!" %!" &!" '!" (!" )!" *!" +!" #!!" ##!" #$!" #%!" #&!" #'!"

,
-.
"/
-0
12
"

304567"-8"3-96:"

!"

#"

$"

%"

&"

!" #!" $!" %!" &!" '!" (!" )!" *!" +!"#!!"##!"#$!"#%!"#&!"#'!"

,
-.
"/
-0
12
"

304567"-8"3-96:"

68 http://www.i-jim.org



Paper—Number of Node Estimation in Mobile Ad Hoc Networks 

 
Fig. 3. Average Hop Count for DSR against number of nodes at transmission range of 150m 

 
Fig. 4. Average Hop Count for DSR against number of nodes at transmission range of 100m 

As for AODV, the results offer higher resolution and a clear relation between the 
number of nodes and the average hop count. Moreover, average hop count is more 
sensitive to increasing transmission range. 

Therefore, the suggested estimation is more suitable for Ad Hoc networks that use 
AODV. The relation is clear in the Figures 5, 6, 7 and 8 below. 

It is demonstrated that results for small network sizes are also not strong indicators. 
However, the results for AODV show better resolution under 80 nodes compared to 
DSR results. This difference indicated that in addition to the factor mentioned earlier, 
the routing protocol is also a factor that affects the relation between average hop 
count and total number of nodes.  
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Fig. 5. Average Hop Count for AODV against number of nodes at transmission range of 250m 

 
Fig. 6. Average Hop Count for AODV against number of nodes at transmission range of 200m 

 
Fig. 7. Average Hop Count for AODV against number of nodes at transmission range of 150m 
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Fig. 8. Average Hop Count for AODV against number of nodes at transmission range of 100m 

4 Conclusion 

This paper has introduced the usage of hop count of messages in estimating the to-
tal number of nodes in mobile Ad hoc networks under ADOV and DSR routing pro-
tocols. Results have shown the relation between the two factors and the applicability 
of this estimation. Moreover, results have revealed that the relation is stronger under 
ADOV such that the resolution of estimates is higher than it is in the case of DSR. 
The results also show that the relation between hop count and node numbers is not of 
high resolution for small network sizes. 
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