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Abstract 

Conserving network energy for Wireless Sensor Networks (WSN) is a highly researched area now-a-days. 

One of the methods employed to achieve this task is by keeping the data collecting sink node(s) mobile. This 

can be realized by the randomly mobilizing the data collecting sink node(s). An advantage of this 

realization is that it is easily deployable. Therefore, we target random mobility model for the energy 

conservation of the WSN. The percentage change in performance is measured by the 2 states mathematical 

equation. Using the energies consumed by the network during active network operation, the mathematical 

equation provides insight into the network ability to conserve energy. The energy consumed by the network 

with a static data collecting sink node is the first state and the energy consumed by the same network with 

data collecting sink node kept mobile is the second state. The network simulator-2 (ns2) supports various 

adhoc wireless network routing protocols. A unique protocol was selected out such 4 protocols. The results 

are observed and compared for 4 sensor networks of different sizes. 

 

Key Words: Adhoc Wireless Network Routing Protocols, Wireless Sensor Network (WSN), Energy 

Efficiency, Random Mobility Model.  

 

Introduction  

 
The mobility of data collecting sink node(s) in a wireless sensor networks‘ has a remarkable effect on the 

network‘s energy conservation ability Alhmiedat, Hassan and Turab, (2013). A number of data collecting 

sink node mobility models can be found in the literature. These models are used for the enhancement of 

energy saving capabilities of various small and large WSN‘s. Karyakarte, Tavlidar and Khanna (2013). One 

of such models is the random sink mobility model. 

 
For the purpose of elaboration first of all we will consider the placement of a sink node at a fixed position 

in the network. In this case, the neighbor nodes of the sink deplete their energy faster Alhmiedat, Hassan 

and Turab, (2013). Because in this case the neighbor nodes rely on their own data as well as other nodes 

data. This causes early consumption of the neighboring sensor nodes‘ energy  Hassan (2010). This isolates 

the sink node from the network Alhmiedat, Hassan and Turab, (2013). Hence discarding path to the 

particular sink node. This is one such weakness that unjustly harvest the network energy. A solution to this 

problem, is the use of mobile sink node in the network. 
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As discussed, in the analysis section, the basic equation uses subtraction and division methods. The change 

or difference between the power for a static data collecting sink node and a mobile data collecting sink 

node is calculated by subtracting the consumed average power (in milli watts) by all the sensor nodes in the 

network with static sink node (1
st
 value i.e. Power1) with the average power consumed by all the sensor 

nodes in the network with mobile sink node, (2
nd

 value i.e. Power2). The 1
st
 value or Power1 is also the 

initial value. Following is the same equation in mathematical form. 

 

Difference = Power1 – Power2----------------------------------- (1) 

Efficiency = Difference / Power1-------------------------------- (2) 

 

Equation 2 calculates the efficiency of consumed power by the network sensor nodes at discrete time 

instants (in milliseconds). Discussion in conclusion section of this document is based on summation of all 

samples of the instantaneous efficiency. The summed up efficiency values give a good picture of the energy 

consumption of the Wireless Sensor Network (WSN) for the sink node random mobility model and adhoc 

wireless network routing protocols for a wireless network of sensor nodes. 

 

Configuring the System for Experimentation 
 

Using OTCL configuration language, the speed of mobility is kept to 0.5 meters per seconds. The lower the 

sink node speed during mobility, the more comfortable a sensor node remains in transferring sensed data to 

the sink node Karyakarte, Tavlidar and Khanna (2013). 

 

The longer life of sink node is a more contributing factor than the optimized routing protocols and efficient 

packet scheduling algorithms in a wireless environment Rachamalla, Sandhya, Sheela, and Kancharla 

(2004). 

 
A. System Inputs: 

 

Input 1: Mobility status of sink node shown in flowchart II-B2.  

Input 2: Protocol for routing shown in flowchart II-B2.  

Input 3: Sensor network size in terms of total number of sensor nodes shown in flowchart II-B2. 

 
1) Sink Node Status:  

 

It is the current status of the sink node. The sink node can be static or mobile. Therefore, this input has 2 

states. These are 

 
 Mobile 

 Static 

 

Significant improvement in overall energy consumption occurs by introducing mobility to either sensor or 

sink node Bai (2011). However, introducing mobility to sensor nodes is costly (in terms of capital amount 

expenditure, especially during deployment process) as well as difficult to execute. An alternative approach 

is to introduce mobility in sink nodes  Chen (2014). The reason for such model are as follows 

 
 As compared to number of sensor nodes, sink nodes are few in number.  

 Fewer sink nodes in the entire network therefore, less cost of deployment. 

 

2)  Protocols:  

 

Different routing protocols have been proposed for different applications to perform the same task. It 

file:///F:/ACADEMY%20OF%20IRMBR/IRBAS/IRBAS%20ISSUES/Volume%204/12%20December/Adil%20khan%20paper%2028%20July%2016%20.doc%23page2
file:///F:/ACADEMY%20OF%20IRMBR/IRBAS/IRBAS%20ISSUES/Volume%204/12%20December/Adil%20khan%20paper%2028%20July%2016%20.doc%23page2
file:///F:/ACADEMY%20OF%20IRMBR/IRBAS/IRBAS%20ISSUES/Volume%204/12%20December/Adil%20khan%20paper%2028%20July%2016%20.doc%23page5
file:///F:/ACADEMY%20OF%20IRMBR/IRBAS/IRBAS%20ISSUES/Volume%204/12%20December/Adil%20khan%20paper%2028%20July%2016%20.doc%23page5


 

 

 

 

 

ISSN: 2308-7056                Khan & Feng (2016) 

 

 

319 

I 

 

  www.irbas.academyirmbr.com                                                                         December 2016                                                                                              

 International Review of Basic and Applied Sciences                                            Vol. 4 Issue.12 
 

R 
B  
A    
S  

means that the choice of a protocol for a certain task depends upon the nature of application the network 

intends to run Biradar, Patil, Sawant and Mudholkar, (2009). The following 4 adhoc wireless network 

routing protocols supported by ns2 simulator are used for the evaluation purpose.  

Naval Research Laboratory - Optimized Link State Routing protocol (NRLOLSR):  

It is supported by ns-2 (version 2.26) using nrlsensorsim package Downard (2008). 

Adhoc On Demand Distance Vector routing protocol (AODV):  

It is also supported by the used simulator Downard (2008). 

Destination Sequence Distance Vector (DSDV) routing protocol: 

 

Supported  Downard (2008). 

Dynamic Source Routing protocol (DSR):  

Supported  Downard (2008). 

 
2) The network size is based on the number of sensor, sink and phenom nodes:  

Following is the list of various sized networks (based on number of sensor nodes) that were evaluated for 

the proposed task. 

 

Size of network No. of sensor nodes No. of sink nodes 

Large sized Sensor Network Four hundred
+
 sensor (nodes) 10~20 

Medium Sized Sensor Network One hundred 
+
 sensor (nodes) 10 

Small sized Sensor Network Forty 
+
 sensor  (nodes) 5~10 

 

(B) Network Configuration and Analysis Parameters: 

 

(1) Network Configuration: 

 

The major components defining the configuration of the network are  

Sensor Nodes Jawhar, Trabelsi and Jaroodi (2008). 

 

A sensor node inhales data from the surrounding environment. For example, a pressure sensor senses 

pressure from the surrounding environment and a temperature or humidity measuring sensor senses 

temperature or humidity of the surrounding environment  Dhivya, Potnuru and Sundarambal (2011). 

Similarly, large number of different type of sensors exist that have sole purpose of getting data from the 

environment and deliver the data (pressure, temperature and similarly other data) to a data collecting node. 

The data collecting node is normally known as ―Sink‖ node Chen and R. Li (2011). 

 

It is a centralized data receiving device that is responsible for receiving sensed data  

http://www.isi.edu/nsnam/ns/doc/index.html (2015). Based on type of application and network type, the 

sink node, can be either mobile or static. In many currently used sensor network architectures, the mobility 

offers improved efficiency in terms of overall energy consumption. 

 

Phenom Nodes: 

 

It‘s a node responsible for virtual environment creation. The explanation of this node is clear from its name 

‖phenom‖ .  According to NASA this‖ phenom node‖ sprinkles or evaporates physical phenomenon in the 

area where network is deployed. As an effort by research scientists in United States Naval Research 

Laboratory, the physical phenomenon includes the following. 

 

–  Chemical in gaseous format (CO2) 

–  Generation of seismic activity 

–  Sound of incoming vehicle (as intruder). 
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Here it is important to mention that using basic C programming skills, the set of supported physical 

phenomenon can be extended by incorporating new ones described by NASA.  

 
3) Analysis Parameters:  

 

The following list displays the parameter values; 

Reception power = 0.175 milli watts Min and Chandrakasan (2001). 

Transmission power = 0.175 milli watts by NASA.  

Idle state power = 0.175 micro watts Min and A. Chandrakasan (2001). 

Initial energy = 5 micro watts per second or 5 joules Min and A. Chandrakasan (2001). 

Runtime of simulation = 80 seconds Chen, Branch, Pflug, Zhu, and B. K. 

Network occupied area (in meters) = 2000 x 2000 meters Downard (2008). 

Size the data (in bytes) = 256 bytes Stathopoulos, J. Heidemann, and Estrin. 

Contribution by Phenom nodes = Carbon Di Oxide, CO2 Song, Ma, Zhang, and Feng (2012). 

Number of Phenom Nodes (for CO2 generation) = 10 in small and medium sized sensor network and 20 in 

large sized sensor network  Khedo, Perseedoss and Mungur, (2010). 

Sink Node Speed during Mobility = 0.5 meters per second Mishra and Keshri (2012). 

Sink Node Mobility Model = Random Taleb, Alhmiedat, Hassan and Turab (2013). 

 

Power1: 

 

Average Power by a sensor node while transmission when sink node is static. Equation 1 and 2 uses this 

parameter to find difference (that is change) and efficiency  Mishra and Keshri (2012). 

 

Power2: 

 

Similar to above discussed power1 but with sink node Mobile.  

 

Initial Assumed Power per unit time (second): The aggregate network sensors‘ power considered initially. 

The power per unit time can be of a mobile sink node network or static sink node sensor network Wang 

(2011). Similar to power1 and power2, used in equation 1 and 2. 

 

Results of Experimentation: Network Efficiencies 
 

In terms of average power consumed (in milli watts), the following sections represents efficiencies of the 

considered networks. 

 

A. Network of Four Hundred (400) Sensor Nodes: 

 

As depicted in table I, the Random sink node mobility model is effective in networks with Adhoc On 

Demand Distance Vector Routing protocol (AODV). By using the process in flowchart II-B2, the 

improvement in the network consumption efficiency is calculated and equals +0.337‖. Using equation 3, 

the calculated equivalent percentage of the factor is almost thirty-four percent (34%). The same 

improvement is justified by subjecting AODV for modifications in current trend with sensor networks in 

focus  Gong, Chen, and Key (2014). 

 

Percentage= Factor X 100 ------------------------- (3) 

 

Reference table I, shows that the used model of sink mobility has improved energy consumption efficiency 

except the one with Dynamic Source Routing (DSR|). These result verify the findings in July 2013 article 

by Divya, Bharti, Behniwal, and Sharma (2013). First rows in tables I, II and III lists these protocols by 

name. 
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B. One Hundred (100) Sensor Nodes Network 

 
As depicted in table II the Random sink mobility model with hundred (100) sensor nodes network and 

Optimized Link State Routing (NRL-OLSR), deteriorates the average consumption efficiency by a factor of 

―309.720‖. Using equation 3, the equivalent percentage of this factor is in thousands. The proactive nature 

of this protocol strongly coincides with the mobile status of sink node Kumar (2011). Among the four (04) 

protocols used for evaluation, NRLOLSR displays the best efficiency but with static sink node. By using 

the percentage calculation formula 3, achieved improvement in percentage is almost hundred percent 

(100%). 

 

Table 1 Large that is four hundred (400) sensor nodes network Efficiency 

 Sink Node 

Mobiliy 

 

Architr-A 

(AODV) 

Architr-B 

(DSDV) 

Architr-C 

(NRLOLSR) 

Architr-D 

(DSR) 

Ns2 Run1 

Mobile  +0.337 +0.0026 +0.0070 -0.0262 

Static -0.337 -0.026 -0.0070 +0.0256 

Ns2 run 2 

Mobile -0.17229 +0.07083 +0.00674 0.149709 

Static 0.146970 -0.076234 -0.0067906 -0.17606 

 

 
Figure 1. Flow chart depicting intermediate steps performed during analysis 

file:///F:/ACADEMY%20OF%20IRMBR/IRBAS/IRBAS%20ISSUES/Volume%204/12%20December/Adil%20khan%20paper%2028%20July%2016%20.doc%23page6


 

 

 

 

 

ISSN: 2308-7056                Khan & Feng (2016) 

 

 

322 

I 

 

  www.irbas.academyirmbr.com                                                                         December 2016                                                                                              

 International Review of Basic and Applied Sciences                                            Vol. 4 Issue.12 
 

R 
B  
A    
S  

Table II Medium size network normalized (to one (01)) Efficiency 

Sink Architr-a Architr-b Architr-c Architr-d 

Node   AODV   (DSDV) NRL-OLSR DSR 

Mobility     

 

 

 Ns2 Run 1   

Mobile +0.0540 +0.0441 -309.720 -0.00347 

  Static   -0.0485   -0.0461 +0.9967   +0.0335 

  

 

ns2 Run 2   

Mobile 

 

-0.04507 +0.446795  - 0.0299044 +0.824271 

     

  Static +0.043133 -0.80764   +0.029036 -4.69059 

 

C. Thirty (30) to fifty (50) Sensor Nodes Network. 

 

Before particularly discussing the current scenario with table III, following are necessary reminders that are 

associated with network of this size. Due to the moment by sink node, the energy consumption of the 

neighboring and intermediate nodes decreases as compared to the static sink node status in the same 

environment. 

 

Again there is a direct impact on average network energy consumption due to the pro-active mechanism of 

the relevant routing protocol (that is AODV in the current scenario) and also due to the total number of 

sensor nodes in the network. 

 

With above discussion in context, the table III shows +0.5648 factor improvement by all the network 

nodes. Using equation 3 the equivalent of this factor is fifty-seven percent (56.48%). This highlights the 

fact that the random mobility of the sink node provides the most effective results when the network size is 

small and the Adhoc On Demand Distance Vector (AODV) routing protocol is used. 

                                          

Table III Small size network normalized (to one (01)) Efficiency 

 

Sink  

Node  

Mobility Architr-a Architr-b Architr-c Architr-d 

 AODV (DSDV) NRL-OLSR DSR 

     

  ns2 Run 1   

Mobile +0.5648 +0.2167  -0.0757   -0.0318 

Static    -1.2979   -0.2756 +0.0709 +0.0308 

  

 

ns2 Run 2 

   

Mobile 0.34139 0.013307 0.070983 -0.186017 

Static -0.51835 -0.01348 -0.0764072 

 

0.156841 
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Table IV Classification of Considered Routing Protocols 

Routing protocol name       Class 

       based 

   On 

   protocol 

   design 

Adhoc  On  Demand  Distance  Vector Reactive 

(AODV)  

Distance Vector Routing (DSDV) Proto- Proactive 

Col  

NRL Optimized Link State Routing (NRL-OLR 

Protocol) Proactive 

  

Dynamic Source Routing (DSR) protocol Reactive 

 

Table V Summary of Sink Node Mobility Impact on Average Network Energy Consumption Efficiency 

(%) 

Network Sink Reactive Proactive 

   Size Node Routing Routing 

 Mo- Protocols Protocols 

 Bility (AODV (NR- 

 Status and DSR) LOLSR 

   And 

   DSDV) 

Large Mobile -17.229 +0.674 

  And And 

  14.971 +7.083 

Large Static +14.6970 -0.67906 

  And And 

  -17.606 -7.6234 

     Medium Mobile -4.507 +44.6795 

  And And 

  82.4271 -2.99044 

     Medium Static 4.3133 2.9036 

  And And 

  -469.059 -80.764 

Small Mobile 34.139 7.0983 

  And And 

  -18.6017 1.3307 

Small Static -51.835 -7.64072 

  And And 

  15.6841 -1.348 

 

Conclusion 
 

Introducing mobility to sink node plays interesting and worthy-to-mention results if a reactive routing 

protocol (DSR or AODV) is used. Since reactive routing protocols are naturally well suited to the design 

and working mechanism of a WSN, especially when the network requirement is optimal use of energy. 

However, the simulation results show that by introducing mobility in the sink node in existing CO2 

detecting WSN design while using proactive routing protocols such as DSDV and NRLOLSR, proves to be 

ineffective in offering any significant improvement in energy consumption. Obvious reason for the 
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ineffectiveness is non-conformance of design of the proactive routing protocols to the design requirement 

of Wireless Sensor Network (WSN). Only in one scenario as shown in table V, the mobile sink node with 

proactive DSDV as a routing protocol, offers 44.68% improvement in utilizing the network energy. 

However, exception cannot be generalized for the overall results.  
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