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ABSTRACT 
In Wireless Sensor Network (WSN), sensor nodes have limitations of energy, so the lifetime of the network is directly proportional 
to energy factor. All kinds of obstacles exist in the sensing field. Hence the challenge is to determine the obstacle avoiding shortest 
path with energy efficient clustering. EECP (Energy Efficient Clustering using PEGASIS) presents energy efficient routing by 
reducing the dead nodes based on clustering using PEGASIS (Power Efficient Gathering in sensor Information System). In cluster 
based routing mechanism, some nodes elected as cluster heads to collect the data from cluster members and transfer to the mobile 
sink. Mobile sink collects data from cluster heads to perform data aggregation, fusion and transmission. Therefore we present a 
heuristic tour planning algorithm based on spanning graph to find obstacle avoiding shortest path. EECP works in combination 
with STEM (Sparse Topology and Energy Management) protocol to have efficient power consumption. Simulation results verify 
the effectiveness and comparative performance of both existing and EECP methodology in terms of network lifetime and power 
consumption. 

 

KEYWORDS: Wireless Sensor Network, Clustering, Mobile Sink, Network Lifetime, Energy Efficiency, Spanning Graph, 

STEM (Sparse Topology and Energy Management)  
 

INTRODUCTION 

 

The development of WSN was inspired by military application, health care, enhancement of safety & 

security and many more as Internet of Things (IOT). The utility of WSN is to embed network and disseminate to 

provide service to different clients.WSN consists of many nodes that suffer from the limitations in memory, 

energy and processing capacity. Hence its complex for the selective replacement of sensor that has ran out of 

energy. If any node fails, the entire network fails and becomes disconnected. Therefore in order to improve the 

network lifetime, maintaining the energy of nodes is the major key challenge of WSN.  

The performance of the sensors in the network, rely on the routing protocol. Clustering is the process of 

grouping sensor nodes in a large scale sensor network. The sensor nodes in the sensing field are of two 

categories namely cluster heads and cluster members. According to cluster based approach, the sensor network 

is divided into several clusters where each cluster has a cluster head that performs data aggregation from the 

cluster members. Mobile sink moves across the sensing field to gather data from the cluster heads. The 

classification of cluster based routing protocols are: grid cluster based, chain cluster, and block cluster based 

routing protocols. In grid based method, the sensing region is divided into several grids cells of the same size. 

Obstacles occupy part of one grid cell then the complete grid cell is regarded as an obstacle. Hence 

regularization shape of obstacles is obtained. 
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There are various perspectives defined to enhance the network lifetime of WSN. M. Dong et al., [1] 

propose an efficient data gathering system in WSN with mobile agents to achieve energy efficiency.  M. Zhao et 

al., [2] have proposed a mobile data collection methodology which generates multiple cluster heads in each 

cluster to balance the workload.  

In this paper an energy efficient cluster based method is deployed. The cluster heads are elected from where 

the mobile sink gathers data periodically. Further obstacles are avoided by performing heuristic tour planning 

and finally constructing the minimum spanning graph to route packets. 

The outline of the paper is as follow. II. Related work III. Existing Methodology IV. LEACH and 

PEGASIS, V. EECP Methodology VI. Simulation Environment VII. Results and Discussion VIII. Conclusion 

IX. Acknowledgement. 

 

Related Work: 

Due to mobility of nodes in WSN, the traffic has to be minimized and lifetime should be utilized efficiently. 

Many related works has represented about mobility of nodes and lifetime consideration during route 

construction phase.  

performance in terms of collision free shortest path among sensor nodes. 

A. W. Khan et al., [3] present a virtual grid based dynamic routes adjustment (VGDRA) scheme to 

minimize the routes reconstruction cost of the sensor nodes. The author proposes a set of communication rules 

which governs the route construction process. Only limited numbers of nodes are used to readjust the route in 

order to deliver the data. This method gives optimal routes and also reduces the overall communication cost. 

Simulation results of the scheme leads to improved lifetime while comparing with some existing schemes. 

Shashidhar et al., [4] deploys multiple mobile base stations for prolong lifetime. Lifetime is split into equal 

time periods called as rounds. The author focuses on integer linear programming and uses metrics to determine 

the solution. The evaluation metrics are time until the first node dies, time until a β fraction of node dies, total 

number of message received and energy spent per round. These evaluation metrics are taken into account to 

measure the network lifetime. The performance of this methodology shows leading heights in terms of network 

lifetime. 

L. Xie et al., [5] proposed Wireless Charging Vehicle (WCH) to charge the sensor nodes periodically. It is 

based on magnetic resonant coupling technique to refill energy to the sensor nodes. It uses Reformulation-

Linearization methodology to develop optimal solution for the lifetime problem. The numerical results produced 

by the author leads to enrich charging scalability problem and in turn increases the lifetime of sensor nodes in 

sensing arena. 

G. K. Shwetha et al., [6] and H. A. S. Kumari et al., presents a hybrid WSN with static and mobile nodes. 

This method projects a modified Dijikstra's algorithm to dispatch mobile sensor from its position to event 

location. The event location comprises of many obstacles and the challenging factor is to find the shortest path 

in presence of obstacles. Author has shown the  

Y.C.Wang [7] proposed hybrid WSN that has static and dynamic nodes which sense single and multiple 

attributes of events in nodes respectively. Multi-round and Multi-capacity sensor dispatching method is used to 

improve the lifetime. It is done in two phases. First by dispatching MAM sensors to hot locations, next by 

presenting spanning tree algorithm for displacement of MAM Sensors. 

F.Tashtarian et al.,[8] proposes that Mobile Sink(MS) can be harvested to carry data from WSN and 

enhance network lifetime and operations of nodes. The network lifetime is affected by Trajectory called COT 

and it is improved by event driven method to collect data.  The paper proposes Convex Optimisation problem 

using Support Vector Regression technique. 

 

Existing Methodology: 

Nowadays the wireless Sensor Network is fast growing and they gather information by mobility of nodes. A 

mobile node collects more information wirelessly and has to be acquired with more energy. During the mobility, 

the mobile sink collects data from the cluster heads. So the energy of the nodes is the major factor to be 

considered. The routing among sensor nodes are disturbed by obstacles present in the sensing field and thus it is 

indeed necessary to avoid such obstacles during routing. The obstacle avoiding energy efficient shortest path has 

to be determined. Energy efficiency can be achieved by maintaining balanced energy consumption by using 

LEACH (Low Energy Adaptive Clustering Hierarchy) protocol.[10]  

The mobile sink moves near the cluster heads and balance the energy consumption. Due to this the lifetime 

of the sensor node increases. The cluster heads are selected based the following threshold formula: 

𝑇(𝑚) =
𝑝

1−𝑝∗[𝑘 𝑚𝑜𝑑 (
1

𝑝
)]

 , ∀𝑚 ∈ 𝐺            (1) 

𝑝- Percentage of cluster heads,  

𝑘- Current round index,  

𝐺- Set of nodes not in cluster head in last (1/p) rounds.  
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The node will be elected as cluster head in the current round 𝑘 if a threshold 𝑇(𝑚) is more then random 

number 𝑟. To determine the obstacle avoiding shortest path, spanning graph is used. Finding shortest route is 

similar to travelling salesman problem. The minimum spanning graph makes the unreachable site to reachable 

site.  

Leach and Pegasis: 

LEACH uses distributed cluster formation and perform randomized rotation of cluster heads. LEACH 

performs local data fusion among cluster members. The cluster heads are selected and dissemination is done 

according to eqn –(1).On other hand, PEGASIS improves LEACH by choosing a head node for each round 𝑖 to 

send the fused data to Base station. As a result a chain of sensor nodes are formed and avoid node death by 

reconstructing the chain with active sensor nodes. A practical solution for choosing PEGASIS is done by 

running both protocols in 𝑖 iteration rounds which is shown in Fig.1. As iteration increases, the node death also 

increases. But comparatively PEGASIS runs with less number of node deaths. Thus EECP methodology utilizes 

PEGASIS to perform efficient data routing.  

 

 
Fig. 1: Node Death in LEACH and PEGASIS 

 

EECP Methodology: 

The EECP methodology is based on energy efficient obstacle avoiding shortest path construction among 

sensor nodes. The existing spanning tree path traversal is used to construct routes and to avoid obstacles among 

sensor nodes. LEACH is replaced by PEGASIS protocol in order to increase the lifetime of sensor nodes in 

greater heights. STEM protocol is made to run on top of MAC which supports EEPC for less power 

consumption. Comparative study of both existing methodology which uses LEACH and the EEPC methodology 

is made to measure the performance difference in terms of network lifetime and power consumption.  

 

A. Pegasis: 

To solve the network lifetime problem, a near optimal chain based protocol called PEGASIS is used. In 

sensor networks, the amount of data transmitted between the nodes and the base station is diminished by using 

data fusion. Data fusion is the process in which one or more data packets fuse to produce a single packet.  

In PEGASIS, each node receives and transmits one packet in each round and be the leader at least once in 𝑛 

rounds. Due to complexity of the problem, grid based method is used where the sensing region is splitted into 

same size grid cells. Obstacles will contain some grid cells, and complete cell is regarded as obstacle. Hence 

scheduling for the mobile sink becomes easier by regularization of obstacles. The sensing field consists of 

various obstacles, hence PEGASIS is used to increase the network lifetime and also decrease the death of the 

nodes. 

The communication is made by the nodes only with the closest neighbors. Here only one node is chosen as 

head. It sends the fused data to the base station. The chain is formed among the sensor nodes and nodes receive 

and transmit only to near nodes. Here data fusion plays an important role by joining one or more data packets 

and produces a single packet. The amount of transmission is also reduced. The PEGASIS proceeds with 2 

phases - 

 

1. Chain construction: 

Greedy approach is used for the chain formation. The chain starts with the farthest node from the base 

station. 
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2. Data Gathering:  

The data aggregation takes place by leader nodes. The leader is selected as,  is number of nodes in 𝑖𝑡ℎ 

round. In case of node death, the chain is reconstructed to bypass the dead node. Each node is selected at least 

once and the energy is balanced among sensor nodes. Thus, the lifetime of sensor nodes will be improved and 

energy efficiency will be maintained. 

 

 
 

Fig. 2: PEGASIS Cluster Head and Members 

 

B. Euclidean Shortest Path with Obstacles: 

The obstacle avoiding shortest path problem is analogous to Travelling Salesman Problem. Euclidean 

Shortest Path Problem is NP-hard problem in computational geometry with lots of obstacles and set of nodes to 

find the shortest path from source to destination. The implementation is as follows: 

1) Formation of grid -To divide the sensor region into grid cells of same size with the radius 𝑟 of the 

obstacle. 

2) Find the valid vertices within the grid-The valid vertices in the grid are the vertices without any 

obstacles within radius 𝑟. To find the valid vertices set ‘true’ as default values to all the vertices in the grid. To 

get the input range of x and y co-ordinates of every obstacle: 

 𝑥𝑜𝑏_𝑚𝑖𝑛,𝑥𝑜𝑏_𝑚𝑎𝑥,𝑦𝑜𝑏_𝑚𝑖𝑛,𝑦𝑜𝑏_𝑚𝑎𝑥.(min & max of the obstacle co-ordinates). Within the range x and y co-

ordinates of every obstacles, the valid points are discovered using which the graph is constructed. 

3) Construction of graph using valid vertices-The graph is constructed using the valid vertices 𝑉 and 𝐸 is 

obtained by joining all the valid vertices of set 𝑉. Thus the graph 𝐺(𝑉, 𝐸) is obtained which further determines 

the shortest route from source to the destination. 

4) Find the shortest path within the graph from source to destination-The obstacle avoiding shortest path 

within the graph 𝐺(𝑉, 𝐸) is determined by using the shortest path algorithm. 

 

 
 

Fig. 3: Obstacles in Grid Space 

 

Fig3. Shows the obstacles in the grid path, which is taken as scenario for designing Euclidean shortest path. 

The grids are formed based on the radius of the obstacle. The valid vertices are those grids without obstacles. By 

considering these obstacles, the following algorithm will found the shortest path. 

Algorithm 1: - 

1. dist [𝑠]←0 

2. for all 𝑣 € 𝑉 − [𝑠] 
3. do dist[𝑣] ← ∞ 

4.     𝑠←ϕ 

5.    𝑄←𝑣 

6.    while 𝑄 ≠ 𝜙 

7.    do 𝑢 ←mindistance(𝑄, dist) 

8.     𝑠←𝑠 Ʋ [𝑢] 
9.    for all 𝑣 € neighbors[𝑢] 
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10.  do if dist[𝑣] >dist[𝑢] + 𝑤(𝑢, 𝑣) 

11.  then 𝑑[𝑣] ← 𝑑[𝑢] + 𝑤(𝑢, 𝑣) 

12.  return dist 

The obstacle avoiding shortest route is found using heuristic tour planning algorithm. The minimum 

spanning graph of network is constructed. By constructing the graph, the infinite long sites become finite 

reachable site. The obstacle shortest path is determined by the algorithm. It is done by joining the obstacle 

corners and terminals. 

 

C. Stem: 

STEM is a noteworthy protocol to employ duty cycling concept. It uses two different radios for wakeup and 

routing. The wakeup radio is high power radio to increase the efficiency in terms of sensor nodes ranges. Each 

sensor node turns on its wakeup radio for tenergy for t duration.  

When a source sensor node wants to route packet with the target sensor node, then it sends a stream of 

periodic beacons on the wake up channel. On receiving, the target sensor node sends the wakeup 

acknowledgement and turns on its own packet transmission. If a collision occurs in the wake up channel, any 

sensor node that senses the collision activates its data radio “raised” for routing packets. Thus no 

acknowledgement is received during collision.  

STEM is executed on top of the MAC parallel during cluster formation, spanning the path and packet 

transmission. Since PEGASIS is utilized in our proposed work, this makes STEM in effective sense and results 

in very nominal power utilization in sensor nodes. 

 

Simulation Environment: 

PEGASIS and obstacle avoiding algorithm is integrated and a new agent object is created called MyAgent. 

MyAgent is supported with reliable packet transmission in transport layer. Correspondingly, STEM is executed 

on top of MAC. Thus energy efficient obstacle avoiding minimum spanning tree is obtained with PEGASIS and 

STEM. 

STEP 1: Add New Agent ns-allinone-2.34/ns.2.34/test folder/MyAgent.cc  

STEP 2: Edit ns-allinone/ns.2.34/Makefile.in Add the following line in OBJ_CC sectiontest/MyAgent.o \ 

STEP 3: Recompile NS-2 Open terminal and go to ns-allinone-2.34/ns-2.34    directory and type 

./configure  make make install 

STEP 4: Run MyAgent.tcl file 

STEP 5: Adding STEM protocol on MAC ns-allinone-2.34/ns.2.34/test folder/MyStem.cc 

STEP 6: Repeat STEP 2, 3 and 4 for MyStem.cc and corresponding MyStem.tcl file 

 

RESULTS AND DISCUSSION 

 

Results are discussed based on comparison between existing methodology and EECP. The main discussion 

is on power consumption and network lifetime. In existing methodology, LEACH protocol is used in 

combination with finding shortest obstacle avoiding algorithm. 

The proposed methodology EECP over rides existing methodology by using PEGASIS for avoiding nodes 

death and STEM for nominal power consumption. Thus EECP have greater performance heights in terms of 

power consumption and network lifetime. 

 

 
 

Fig. 4: Comparison chart of Power Consumption 
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The obstacle avoiding algorithm is executed in parallel with STEM running on top of MAC. The efficient 

duty cycling of STEM enables EECP to save power while avoiding obstacles and computing shortest path. Fig4. 

Shows the power consumption of both methodologies where EECP runs with STEM while existing is not. 

 

 
 

Fig. 5: Percentage of Nodes Death 

 

The LEACH used in existing methodology is not mostly concerned with avoiding the nodes death. Whereas 

PEGASIS used in EECP is able to avoid nodes death in greater height. Thus percentage of nodes death becomes 

the major component in measuring the lifetime of the network. Fig5. ensures that nodes death is less in EECP 

due to PEGASIS. Thus network lifetime will be extended in EECP comparative to existing methodology. 

 

Conclusion: 

The proposed EECP methodology determines obstacle avoiding shortest path in a grid space scenario. 

PEGASIS protocol is used for efficient clustering and to avoid nodes death. Using cluster based method, the 

cluster head is selected which is responsible for transmission and reception of messages. To have more 

resourceful sensor network environment, STEM is made to run on top of MAC while computing the shortest 

path. STEM enables EECP to consume less power due to its duty cycling. Thus the obstacle avoiding shortest 

route for mobile sink is determined. Simulation results of EECP improve the performance over existing 

methodology in terms of power consumption and network lifetime. 
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