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Abstract— In Wireless Sensor Network, sensor nodes are low 

powered and small devices mainly deployed in critical regions. 

Due to their energy constraint issues, many routing algorithms 

have been developed for efficient forwarding of data for 

minimizing energy consumption. Considering the static sink, 

nodes near the sink will have more load for routing data, 

therefore sink has been made as mobile. Now the sink can itself 

moves to the sensor node or leader node for collecting data as 

sink can be charged with high energy. Moreover sensor nodes 

deployed in battlefields, hills and similar risky areas are difficult 

to monitor for their energy issues. So the concept of grid arises. 

Now the sensor network can be constructed as logical grids of 

uniform size and data aggregation can be done using energy 

efficient routing. The proposed algorithm is an enhanced form of 

VGDRA algorithm which is grid based routing algorithm but 

lacks the concept of estimating energy on the basis of distance. In 

the proposed algorithm, sensor network is divided into logical 

grids of k-cells and a Cell Header (CH) is elected among each cell 

that acts as leader to cluster. The algorithm proves to be efficient 

in terms of energy by minimizing route construction cost 
considering shortest distance to sink.  
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I.  INTRODUCTION  

Technological advancements in recent years have led to 
faster & efficient communication considering low budget, less 
infrastructure and minimum load among the devices. Wireless 
Sensor Networks (WSNs) is one of such advancements that 
have made communication among user and daily 
environmental activities/conditions monitoring devices with 
the use of low powered sensor nodes. Sensor nodes which are 
small in size and equipped with low power forms the basic 
infrastructure of WSNs. These nodes are deployed in regions 
where user cannot do frequent monitoring of these nodes by 
visiting them. As such the need arises of deploying automatic 
monitoring mechanism that can sense the environmental 
parameters like temperature, humidity, fire, agriculture related 
parameters. Many of the application areas are equipped with 
WSNs and have made the things easier and faster. 

WSN have become an established technology for a large 
number of applications, like monitoring (pollution prevention, 
precision agriculture, structures and buildings health), to event 
detection (intrusions, fire/flood emergencies) and target 
tracking (surveillance). WSNs usually consist of a large 

number of sensor nodes which are battery-powered tiny 
devices and able to perform three basic tasks [1]: 

a) Observing  environmental conditions

b) Processing and storing the data for a while

c) Transferring the data to the user end through base
station. 

The data sense by the sensor nodes is of two types [2]: 
Event driven data and Periodic data. Event driven data means 
the data which is generated on occurrence of any particular 
event. For example the sensor monitoring the fire detection in 
forest will send data to sink immediately after a huge rise in 
temperature. Periodic data means data which is send after 
equal amount of time interval. For example the sensor 
monitoring humidity of city will send data of humidity after 
every 6 hours to sink.  

A. WSN Challenges 

a) Low power of sensor nodes: Sensor nodes are tiny 
low-powered motes which can sense the environmental 
conditions. Because of their complex deployment they have 
small battery capacity. For their operation some amount of 
energy is consumed which can result in slow depletion of 
energy[3]. It is not possible to frequently recharge these sensor 
nodes because of their deployment in critical regions. These 
nodes slowly begin to die when operate for so many rounds. 
So some energy saving mechanisms is required for efficient 
working of sensor nodes. 

b) Energy hole problem: When ink is fixed, nodes near
to the sink always have to pass the data of other nodes acting 
as relay or gateway node. Thus nearby node can have more 
load which can result in reduction in energy. This can lead to 
energy hole problem as balance amount of energy is not 
consumed. This problem is also called hot-spot problem where 
one node acting as hot-spot bear more constraints to 
energy[4]. 

c) Funneling effect: Funneling effect is where
communication load is unevenly distributed among all sensor 
nodes[5]. Use of mobile sink can eliminate this problem by 
moving along each sensing area or cluster and minimize the 
effort of each node to forward the data. Mobile sink routing 
protocols have been designed to overcome this effect. 
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d) Long distance communication: More the distance 
between sink and sensor node, more energy will be consumed 
as the communication process has to follow multihop 
communication. Multihop communication leads to involve 
more number of sensor nodes as relay nodes and thus 
consuming energy of these relay nodes. So researchers believe 
in adopting routing protocols which can cover long distance 
communication and efficiently minimize energy consumption. 

e) Delay: Delay is basically caused by constraints like 
sojourn time, sojourn tour etc where the mobile sink takes its 
time to collect data[6]. Even delay can be caused when some 
selfish nodes refuse to participate or some nodes get failed. 
Delay can lead to data loss and even connection termination. 

f) Location estimation: Mobility of sink requires 
location information of each sensor node to collect data as 
mobile sink itself has to move to the nearby locations of nodes 
to gather the data. For this location information, various 
location estimation techniques have been deployed like GPS, 
flooding messages etc. 

g) Congestion: When multiple nodes begin to send data 
simultaneously to single sink through same routing path, then 
it can cause congestion. So it requires having proper 
mechanisms for routing the data[7].  

B. Motivation 

A number of researchers are working for energy efficient 
routing for minimizing energy consumption and shifting the 
burden of data aggregation from sensor node to sink. In 
contrast to traditional WSN systems with stationary sink, 
network is facing the problem of energy hole and hot spot. 
With the introduction of Mobile sink this problem can 
eliminated up to large extent by making the sink move inside 
or outside the network area and collect data sensed by sensor 
nodes. As such node’s effort to route the data is reduced 
depending upon the distance. The general idea to shift this 
burden from node to sink to increase network lifetime by 
minimizing energy consumption. Energy parameter greatly 
depends on distance between sink and sensor node, as more 
the distance more energy will be consumed. So the 
transmission range can be reduced by making the sink as 
mobile and enabling it to cover the network area.  

II. VIRTUAL GRID BASED DYNAMIC ROUTING ADJUSTMENT 

VGDRA-Virtual Grid based Dynamic Route Adjustment 
scheme [8] is a periodic data collection scheme, where the 
mobile sink will move around the field. The designated nodes 
reconstruct their routes to the latest location of the sink. It 
partition the sensor field into a virtual grid of K equal sized 
cells and constructs a backbone network comprised of all cell 
headers. Nodes close to the centre of the cells are appointed as 
cell-header (CH) which is responsible for keeping track of 
latest location of the mobile sink and relieve the rest of 
member nodes from taking part in route re-adjustment. Nodes 
other than the cell-headers associate themselves with the 
closest cell headers and report the observed data to their cell-
headers. Adjacent cell-headers communicate with each other 
via gateway nodes. The set of cell-header nodes together with 
the gateway nodes constructs the virtual backbone structure. 

Thus this scheme is uses grid as well as backbone based 
approach. Routing has been provided in an efficient manner. 
Cell structure differentiation has made the sink to track the 
location of CH as well as routing path. Even this approach has 
reduced the effort on  every sensor nodes to keep tracking sink 
location. 

Fig. 1.1 A virtual backbone setup for Wireless Sensor 
Network 

A. Proposed Solution 

The existing algorithm lacks in the concept of estimating 
optimal routes with less cost of route construction. So the 
proposed approach is enhanced with finding optimal routes 
with shortest distance to Mobile sink. Nodes are deployed in 
cells of grid structure and a Cell-Header (CH) [9]is chosen 
based on the minimum distance to midpoint of cell. Midpoints 
are considered for Cell header selection so that each node has 
equal or nearly equal access to Cell-header. Each CH is 
identified by its coordinates and location information of each 
CH is broadcasted to other CHs. Sink is made as mobile that 
will move at the outer grids border. Sink mobility can enable 
every nearby CH to communicate with it and enable it to act 
as gateway node for other CHs. Sensor nodes need to send the 
observed data to the CHs only of their respective cells, thus 
minimize the effort of route construction to the sink. Instead of 
constructing routes for forwarding data at long distance to 
sink, sensor nodes are optimized to do communication with 
Cell headers only. When CHs are elected based on distance to 
midpoint, the next step is to find minimum route to sink. 
Every CH calculates its distance to neighboring CHs and 
chose the CH with shorter distance as next hop. The CH at 
outer boundaries becomes Originating Cell Header (OCH) 
when the sink is moving in their vicinity. Through these OCH 
all the sensor nodes route their packet to the sink. The CH role 
remains fixed whereas the OCH role keeps on rotating 
depending upon the location of the Mobile sink. There are 
some rules that must be followed for efficient routing[10]: 

1.OCH must be chosen from the cell near to the Mobile Sink.

2.OCH at corners of grid remains same for two
communication areas and same route may follow. 

3. Sink location must be updated by OCH and previous CHs
to each CHs in downward direction for multi-hop 
communication. 
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B. Algorithm 

1. Mobile Sink (MS) send a location message to closest 
Cell- Header (CH). 

2. The closest CH is selected as Forwarding Cell-Header  
(FCH) that forwards the sensed data. 

3. if the previous node of FCH is not the Mobile sink 

4.  { 

5.  Set Next node of FCH ← MS 

6.  FCH sends route update packet to the previous FCH 

7. Set next FCH based on minimum distance on the outer 
grids 

8.  FCH sends route updation information to next CH 

9.  for each downstream CH receives route update packet 

     10.  { 

11.    if previous Next node of CH is not the current sender 

12.  { 

13.    Set Next node of CH ← current sender 

14.   if next downstream CH is not NULL 

15.   { 

16.  Set sender ← current CH 

17. Current CH forwards the sensed data to FCH 

18. } 

19. else 

20. Drop the sensed data packet 

21. } 

22. else 

23. Drop the sensed data packet 

    The WSN is divided into equal sized grids. The nodes 
are distributed well and a Cluster head is selected that 
represents the cluster cell. Sensor nodes collect their 
data and is transferred to the nearest CH that forwards 
the data to the Mobile sink moving at the outer grids. 
The CH at the outer grid is selected on the basis of 
minimum distance so data can reach through few hops . 

C. Simulation Setup 

Table1.1 Parameter Settings 

 

Parameters Value Definition  

E0 1 nJ Initial energy of sensor nodes 

Eelect 50 nJ Node’s energy dissipation to 

run hardware circuitry 

Eamp 10 

nJ/bit/m
2 

Energy dissipation by 

transmitter amplifier 

K 8 bits Message length 

Network area 200*200 Area for node deployment 

Number of 

nodes 

N*16 N varies for different scenario 

III. RESULTS AND DISCUSSIONS

The results have been created by considering the necessary 
parameters and performance of the proposed scheme is 
compared with the existing one. The subsection 5.1 shows the 
network lifetime, subsection 5.2 shows the estimated distance 
for routing and subsection 5.3 shows the energy consumption 
considering varying density of nodes. All the parameters have 
been evaluated on the basis of varying the number of nodes 
and thus results have been calculated. 

A. Number of Rounds vs. number of nodes 

 
Fig. 1.2 Network lifetime improvements 

 

 The network lifetime is described as time elapsed since 
the first node dies at particular round due to energy 

depletion[11]. In our experiment we simulated the 

scenario by varying the network density and estimating 

the depletion of energy at rounds. Mobile sink moves 

along the network area for various rounds. Cell Headers 

depletes its energy faster as compared to other nodes 

because they are more involved in communication 
process. Even the CHs at the central part of grid act as 

relay nodes and deplete their energy faster[12]. The 

proposed algorithm outperforms the existing algorithm 

and improves network lifetime by considering the 

shortest distance. 
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B.  Average distance vs. Number of nodes 

 

Fig. 1.3 Minimum distance is compared 

Virtual structure construction cost has been minimized by 
electing fixed Cell Headers (CHs) and making the 
communication through Originating Cell Headers (OCH). 
Average distance has been calculated for both the existing and 
proposed scheme. Proposed algorithm provides shortest route 
for communication as compared to VGDRA by considering 
the different node density[13].  Calculating the average 
distance leads to know about route construction cost.  More 
the nodes involve, more the energy consumed[14]. Sink 
mobility leads to dynamic route construction but if we 
consider shortest route among the multi-hop communication, 
average distance can be reduced to large extent. 

C. Energy Consumption vs. Number of  nodes 

The energy consumption is estimated per rounds for 
different network sizes[15]. At each round certain amount of 
energy is consumed and average is calculated. The proposed 
scheme outperforms the VGDRA scheme.  

 

 

Fig.1.4 Network communication improves over VGDRA 

Conclusion 

The existing scheme i.e VGDRA lacks in the concept of 
minimum distance for routing. With the proposed scheme, 
network lifetime increases by simulating the scenario on 
different node density. Also the overall energy of the network 

is reduced as the distance is reduced. Network lifetime can be 
compared with the existing scheme which shows better results. 
Now the communication path is based on optimal and 
minimum distance. The results have shown a significant 
improvement over the existing scheme in terms of covering 
minimum distance , energy dissipation and number of rounds. 

References 

[1] J. Yick, B.Mukherjee, and D. Ghosal. "Wireless sensor network 

survey." Computer networks 52, no. 12 ,pp. 2292-2330, Year 2008 

[2] N.Jain, "Energy Efficient And Cluster Based Routing Protocol For 
Wireless Sensor Network: A Review." International Journal Of 
Advance Technology & Engineer Research (IJATER), Year 2011. 

[3] N.Purushothama., and V. Saminadan. "Energy-balance routing and 
throughput maximization for wireless sensor networks." In Circuits, 

Communication, Control and Computing (I4C), 2014 International 
Conference on, pp. 208-211. IEEE,Year 2014. 

[4] M.Quazi, and M. Kaosar. "What is the first step in designing an 
application protocol for wireless sensor networks (WSNs)?." In Sensors 
Applications Symposium (SAS), 2014 IEEE, pp. 333-338. IEEE,Year 
2014. 

[5] P.Chatterjee, and N. Das. "Coverage constrained non-uniform node 

deployment in wireless sensor networks for load balancing." 
InApplications and Innovations in Mobile Computing (AIMoC), 2014, 
pp. 126-132. IEEE, Year 2014. 

[6] B. Chiara, A. Conti, D. Dardari, and R. Verdone. "An overview on 
wireless sensor networks technology and evolution." Sensors 9, no. 9 : 

6869-6896, Year 2009 

[7] R. Mittal and M. P. S. Bhatia. "Wireless sensor networks for monitoring 
the environmental activities." In Computational Intelligence and 

Computing Research (ICCIC), 2010 IEEE International Conference on, 
pp. 1-5. IEEE, Year 2010 

[8] A.W. Khan, A.Hanan, Abdula , M.A.Razzaque and J.I.Bangash, “ 
VGDRA: A virtual grid based Dynamic Route Adjustment scheme for 
mobile sink based Wireless sensor network”, IEEE sensors journal, Year 

2013 

[9] G. Vehbi, B. Lu, and G. P. Hancke. "Opportunities and challenges of 
wireless sensor networks in smart grid." Industrial Electronics, IEEE 
Transactions on 57, no. 10 (2010): 3557-3564. 

[10] E. Aaasser, Minar, and Md. Ashour. "Energy aware classification for 
wireless sensor networks routing." In Advanced Communication 
Technology (ICACT), 2013 15th International Conference on, pp. 66-

71. IEEE,  Year 2013 

[11] C. Tunca, I. Sinan, M. Y. Donmez, and Cem Ersoy. "Distributed mobile 
sink routing for wireless sensor networks: A survey." Communications 
Surveys & Tutorials, IEEE 16, no. 2 : 877-897, Year 2014.013 

[12] X. Jun, L. Zhiqiang, W. Wang, and Y. Zhang. "Square-Based Location 
Update Protocol in wireless sensor networks." In Globecom Workshops 

(GC Wkshps), 2013 IEEE, pp. 980-985. IEEE, Year 2013. 

[13] M. Ali, A. Kargar, Y.S. Kavian, and H.  F. Rashvand. "Non-uniform 
distribution of multi-hop sensor networks: performance improvement 

and energy hole mitigation." IET Wireless Sensor Systems 2, no. 4 : 
302-308, Year 2012. 

[14] B. Arafeh, K. Day, A. Touzene, and N. Alzeidi. "GEGR: A grid-based 
enabled geographic routing in Wireless Sensor Networks." In 
Communications (MICC), 2013 IEEE Malaysia International 

Conference on, pp. 367-372. IEEE, Year 2013. 

[15] S. Yessad, Nassima Tazarart, Lyes Bakli, Louiza Medjkoune-
Bouallouche, and Djamil Aissani. "Balanced energy efficient routing 
protocol for WSN." In Communications and Information Technology 
(ICCIT), 2012 International Conference on, pp. 326-330. IEEE, 2012. 

 

 

 

 

3333


