
International Journal of Electrical and Computer Engineering (IJECE) 

Vol. 9, No. 6, December 2019, pp. 5360~5367 

ISSN: 2088-8708, DOI: 10.11591/ijece.v9i6.pp5360-5367      5360 

  

Journal homepage: http://iaescore.com/journals/index.php/IJECE 

An enhancement of path selection to cluster head based on 

multi-hop routing in two-tier wireless sensor network  
 

 

Wan Isni Sofiah Wan Din1, Asyran Zarizi Bin Abdullah2, Razulaimi Razali3, Ahmad Firdaus4, 

Salwana Mohamad5, Danakorn Nincarean Eh Phon6, Cik Feresa Mohd Foozy7 
1,2,4,5,6Faculty of Computer Systems and Software Engineering, Universiti Malaysia Pahang, Malaysia 

3Faculty of Computer and Mathematical Sciences, Universiti Teknologi MARA, Malaysia  
7Faculty of Computer Science and Information Technology, Universiti Tun Husssein Onn, Malaysia 

 

 

Article Info  ABSTRACT 

Article history: 

Received Jan 27, 2019 

Revised Apr 18, 2019 

Accepted Jun 11, 2019 

 

 Wireless Sensor Network (WSN) is a distributed wireless connection that 

consists many wireless sensor devices. It is used to get information from 

the surrounding activities or the environment and send the details to the user 

for future work. Due to its advantages, WSN has been widely used to help 

people to collect, monitor and analyse data. However, the biggest limitation 

of WSN is about the network lifetime. Usually WSN has a small energy 

capacity for operation, and after the energy was used up below the threshold 

value, it will then be declared as a dead node. When this happens, the sensor 

node cannot receive and send the data until the energy is renewed. To reduce 

WSN energy consumption, the process of selecting a path to the destination 

is very important. Currently, the data transmission from sensor nodes to 

the cluster head uses a single hop which consumes more energy; thus, in this 

paper the enhancement of previous algorithm, which is MAP, the data 

transmission will use several paths to reach the cluster head. The best path 

uses a small amount of energy and will take a short time for packet delivery. 

The element of Shortest Path First (SPF) Algorithm that is used in a routing 

protocol will be implemented. It will determine the path based on a cost, 

in which the decision will be made depending on the lowest cost between 

several connected paths. By using the MATLAB simulation tool, 

the performance of SPF algorithm and conventional method will be 

evaluated. The expected result of SPF implementation will increase 

the energy consumption in order to prolong the network lifetime for WSN. 
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1. INTRODUCTION 

To date, the implementations of Wireless Sensor Network (WSN) have become more challenging 

and exciting. Many research were conducted to prolong the lifetime of the sensor network. WSN contains 

many distributed devices or nodes that are connected to the gateway by using a sensor for collecting, 

tracking, and monitoring a wide range of applications [1, 2]. Previously, the conventional wired technology 

was used, but there were some limitations. It only operates with a fixed connection and limited coverage 

distance. The cost for installation and maintenance were also expensive as compared to the wireless 

communication. 

The WSN implementation is expected to overcome the wired issues. The network is more scalable 

and flexible to realise the important potential roles of Internet of Things (IoTs) [3, 4]. It runs a lot of 



Int J Elec & Comp Eng  ISSN: 2088-8708  

 

An enhancement of path selection to cluster head based on multi-hop routing.... (Wan Isni Sofiah Wan Din) 

5361 

applications to help the user to get the real time information and system control, such as getting information 

of floods in flooded area, checking the air quality in kindergarten, sensoring high temperatures and 

automatically activate the air conditioner and track the nearest petrol station while driving. Remarkably, 

all these applications could be operated by WSN at a low cost and wide distance coverage [5]. 

The group of IEEE 802 protocol will be used as the standard that allows wireless communication 

[6]. Previously, single hop transmission were used to send and receive the node to and from the cluster head 

before forwarding the packet to the sink/base station, which is usually connected to the Internet [7]. A base 

station receives the packet, and collects the data for future computation. Implementations of multi hop 

transmission with network clustering technique were used to increase the performance and optimise the WSN 

lifetime [8]. In WSN the connection is made between the sensor node to the cluster head, and from cluster 

head to the base station. However, there are several constraints that need to be considered for implementing 

WSN, which is the energy usage, and the time taken to send and receive the packet [9]. Both issues will 

affect the node lifetime. In the single hop routing transmission, energy consumption is the main issue. 

The nodes that are closer to the cluster head have a longer lifetime as compared to the node that is located far 

from the cluster head. This is because the node needs to carry a packet in heavy traffic for a long distance 

[10]. It will waste node energy and increase the time for sending and receiving the packet. The battery will 

drain fast and once the energy is less than the threshold value the sensor node will be considered as a dead 

node. Therefore, it is no more available for data collection until the battery is changed. The continuity of this 

situation will affect the whole process because if more dead nodes are found in WSN, then a high delay in 

packet delivery will happen [11].  

Subsequently, a solution is needed to meet the requirement of the fast packet delivery and low delay 

transmission to save more energy and render a longer lifetime of sensor nodes. Hence, an improvement of 

path selection by using multi-hop routing technique will solve the issues. It will find the best path to send and 

receive the packet to the cluster head. The selection is based on a lower cost of the path in network clustering. 

It will make more effective on energy usage and short time in packet delivery in order to increase the WSN 

lifetime. In designing a WSN, the throughput and energy consumption is extremely important [12]. 

According to [13], WSN executes around 800 to 1000 instructions, and if they fail to do so, then they will 

affect the node lifetimes, and thus unable to provide an efficient performance for packet delivery. In WSN 

cases, the bottlenecks issues are related to the limited supply of energy because most of the sensor nodes are 

equipped with non-charging batteries. When the sensor node is out of battery, then it will be considered as 

dead. The charging energy of the sensor node is a challenge and sometimes it is impossible to do because of 

the difficulty to reach the WSN area of placement. Due to these issues, the development of WSN is putting 

priority on energy saving for designing the WSN software and hardware components. 

a. Existing Routing Protocols 

Ad Hoc On-Demand Distance Vector (AODV) is a protocol of unicast and multicast routing that is 

used to transmit the packet between the source and destination.  AODV contains a Router Request Broadcast 

(RREQ), Router Reply Propagation (RREP) and Router Error Message (RERR) as a message used for 

distributing and selecting a path for packet transmission [7]. Figure 1 explains about the transmission 

between source (S) and destination (D). The RREQ is a process of finding a path from source to destination. 

In this situation, the destination is the cluster head. The source node will distribute a message request to all 

connected nodes in the WSN and if the node is not a destination, then the message will be forwarded to 

another node until it finds the destination. The RREP will forward a message from the destination node to 

the source node after RREQ is successfully received by a destination. It is used to inform the source node and 

make an establishment of the connection. The connection will continue until the source node runs out of 

energy, then RERR will be used to inform all nodes that the connection is not available and the other source 

nodes need to flood the message of RREQ to find a new path to the cluster head. 

 

 

 
 

Figure 1. AODV protocol message 
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The Dynamic Source Routing (DSR) is an on-demand routing protocol in a reactive topology-based 

protocol. It is built for a wireless multi-hop ad hoc mobile network and applies two types of routing 

mechanisms, which is route discovery and route maintenance [14]. For DSR route mechanisms, the source 

Node A must connect to a destination Node D, then it will send a request to the neighbouring node. 

Then, Node B will receive the request, but if Node B path has been stored in a path record before, it will 

discard the new request. Node B will forward the request message to next hop node. The same goes to Node 

C i.e. until destination Node D receives the request. When node D receives the request message from source 

Node A then it will reply back to the router which contains a path between the sources Node A to destination 

Node D. But if the request message failed during transmission, the node will send a Router Error to 

the source node, the source will refer to the last resort of receiver node and forward the request message 

again. Figure 2 shows the process on how DSR works. 

 

 

 
 

Figure 2. DSR Route Mechanisms 

 

 

The SPF Algorithm is used in Open Shortest Path First (OSPF) to find the best path from a source to 

a destination [15]. The route will discover all the possible paths to reach a destination, then the information of 

metric for each path will be stored in a router database, it will be arranged from the shortest to the longest 

path. Figure 3 shows how SPF Algorithm works, and it will calculate the cost from source to destination, 

then each of the calculation result will be stored in the SPF Table. 

 

 

 
 

Figure 3. SPF Path Calculation 

 

 

The best path (which has a lowest metric) will be located in the first row as a main path. However, 

if the main path connection has a problem (logical or physical problem), then SPF algorithm will 

automatically use a second path in the table as the new route until the main path is repaired. This process is 

used to avoid any disruptions during packet transmission. 

b. MAP Protocols  

Figure 4 shows the MAP algorithm for data transmission from sensor node to the cluster head. 

In MAP, the data transmitted from sensor node to the cluster head will use a single hop or direct 

transmission. The sensor node did not choose the best path to reach the cluster head. As shown in Figure 4, 

each node and algorithm will check if the node is still alive, then the nodes can send the data directly to 

the cluster head. This differs with enhancement of the proposed shortest path first, where the nodes will 

choose the best path and shortest path to reach their cluster head. 
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tier 1/ tier2CH 

START 

            FOR each node 

                     IF node alive 

                     send data to 

CH 

          END 

                   END 

END 
 

Figure 4. MAP data transmission algorithm 
 

 

The rest of this paper is organized as follows. Section 2 explains research method which is 

the enhancement from direct transmission to the multi-hop transmission. Section 3 discussed about 

the hypothesis for the enhancement approach and lastly, Section 4 concludes the overall enhancement of 

MAP in transmitting data from the sensor node to the cluster head. 

 

 

2. RESEARCH METHOD  

Figure 5 shows the overview of MAP implementation [16]. In MAP, the sensor node uses a single 

hop to communicate with their respective cluster head. Based on this proposed approach, an enhancement 

will be made for the sensor node to communicate with the cluster head. Multi-hop communication based on 

SPF was chosen to send the data to the cluster head. In MAP algorithm, the node will be randomly 

distributed in sensor field 100 x 100 metre by using basic formula area of circle (A = π × r²) [17]. 

The algorithm will track the location (coordinates) of each distributed node to determine the distance 

between node and cluster head for the path selection to the destination. MAP uses fuzzy logic to select a 

cluster head. The parameters that are involved in MAP are remaining energy, cost and centralisation of 

the node. Then, WSN will measure the node lifetime to see the maximum energy consumption used by each 

sensor node in the network. The measurement will look at the first and last dead node. Based on this 

measurement information, the SPF algorithm will be used to improve the node lifetime and a comparison 

should be done to see how long energy could be saved by using this new approach. 
 

 

 
 

Figure 5. Enhancement of MAP implementation 
 

 

Figure 6 is the design and implementation of the existing MAP. In MAP, it contains a base station, 

cluster head, sensor nodes and primary nodes. As in Figure 5, the sensor nodes transmit the data directly to 

the cluster head but for the proposed approach, the sensor nodes will transmit the data by using a multi-hop 

communication. This is to identify and analyse the energy consumption of the sensor node while transmitting 

the data; hence, prolongs the network lifetime. 
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Figure 6. MAP design and implementation 

 

 

The focus of this paper is on multi-hop routing technique for path selection in order to reduce 

energy usages and make a fast delivery to extend the sensor node lifetime. To achieve these goals, it is 

important to highlight the study area and its boundaries, which are explained as follows. 

The Multi-tier Protocol (MAP) [17] algorithm will be used to operate multi-hop routing in WSN, 

and the parameters as shown in Table 1 involved are 100 static nodes that will be randomly located in 

a 2-tier network clustering. The node will be set up with the same energy level with the multiple load size 

traffic (10 Mbps, 30 Mbps, 50 Mbps) and multiple operation time (10 minutes, 20 minutes, 30 minutes) to 

measure time taken for a node to transmit the packet and the maximum node lifetime which can be recorded. 

Since the research focuses on the sensor node, the existing cluster head selection by using Fuzzy Logic will 

be used [17]. The implementation will use MATLAB as a simulation tool. The route calculation uses SPF 

algorithm to find the best path for sending and receiving data to reduce energy usage, and fast delivery 

message to make long lifetimes for WSN. 

 

 

Table 1. MAP parameters [16] 
Parameter Value 

Network Coverage 100 x 100 M 

Base Station Location 50, 50 

Number of nodes 100 
Energy (J) 1, 0/5 < E < 2 

Iteration 9999 

 

 

The improvement of path selection should go through a comparison between the current 

implementation and the new approach of path selection. It is important to prove that the use of a new 

approach can produce better results than ever before. These comparisons need to use the same parameters 

to measure the energy consumption for maximum single node lifetime and the last surviving node in 

the network. 

Figure 7 shows a flow process in selecting a path by using SPF algorithm. In this paper, the SPF 

algorithm is used as a medium to select a path from a source to the destination. At the beginning, SPF will 

discover a possible path that is connected to the source. Then, it will choose a path which has the lowest cost. 

SPF will do some comparisons between the possible paths, to identify the path with the lowest cost. 

If the path X has the lowest cost as compared to other paths, then it will be selected as the main path, 

however if path X’s cost is higher than the main path, then it will become a backup path, for the main path. 

If the main path has a problem that makes the connection disconnected, then the backup path will take over 

the transmission as the main path. All path directions to the destination will be stored in the SPF memory. 

The conversional methods will randomly select the path and it will waste everything.  

Figure 8 shows how the SPF calculates the cost based on distance value. Node A will be declared as 

a source node. The calculation will start at Node A to all nodes connected to A. The source Node A has 

neighbours which is Node B and Node C. The distance taken from source to A is 0 and will add the distance 

value of Node B direction which is 0 + 9 = 9, then the other path from A to C is 0 + 8 = 8. Now both path 

must be compared to determine the lowest cost between A to B, and A to C. If A to C is of lowest value, 

then the data will be stored at the WSN memory as a main path and the process will continue until it reaches 

to the destination node as shown in Figure 8 and Table 2. The selection of a best path for all nodes is shown 

in Table 2. For example, the shortest path from Node A to I is 30, so to know the path, it need to look 
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backwards. Starting from Node I and the shortest path that came from Node H, the shortest path from H to A 

was through Node G, and the shortest path from Node G to A was through Node E, then Node E to A was 

over the Node D and from D to A was via C. The shortest path from Node C to Node A was the direct path 

which is C to A. So the path will be ACDEGFHI. The value of the path cost 30; however by 

using a conversional method, the path may increase the cost. For example, the path from Node A to Node I is 

using the random path selection, ABEGHI. Which is from A to B are (9), from B to E (6), from 

E to G (7) from G to H (11), and from H to I (5). The total cost will become 38, which is higher than by using 

SPF algorithm. The higher cost is recorded from path selection, and then the longest time needed to deliver 

the message, will also increase the energy usage and make a short node lifetime. This will adversely affect 

the overall network performance of WSN. 

 

 

 
 

Figure 7. Flow chart for SPF 

 

 

 
 

Figure 8. SPF calculation 
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Table 2.The SPF value 
Node Cost Connected Node 

 0 - 

B 9 A 
C 8 A 

D 10 C 

E 13 D 
F 21 G 

G 20 E 

H 25 F 
I 30 H 

 

 

3. RESULTS AND DISCUSSION 

For performance evaluation, the proposed enhancement, which is SPF, will be compared with 

the MAP algorithm in terms of energy consumption while transmitting the data. In this hypothesis, 

performance evaluation will involve two techniques, as shown in Figure 9. Technique A will use the existing 

algorithm; MAP without changing any parameters and the energy consumption for the first running will be 

collected. Technique B is the proposed technique where SPF will be used to transmit data to the cluster head 

by using a multi-path as compared to Technique A which only used direct transmission to the cluster head. 

Both techniques will use 100 and 200 sensor nodes with 2,000, 4,000, 6,000, 8,000 and 10,000 bits of data. 

This is to measure the differences and the consistency of the proposed enhancement and the energy usage 

while transmitting data. 

 

 

 
 

Figure 9. Evaluation performance for two approaches 

 

 

The current MAP algorithm will add some function of SPF in order to enable the algorithm of 

selecting a multi-hop path. The main path selection has the lowest cost to provide an efficient energy usage. 

The performance of the current implementation and enhancement algorithm will be compared to look at how 

much it can be improved and fulfill the requirement as needed. 

Initially, both methods will run around 9,999 times by using the same dataset, as mentioned 

in Table 1. The results for the first and the last dead node will be captured. Based on the existing MAP 

algorithm and the proposed enhancement of data transmission, the results later will identify the improvement 

of the energy usage for multi-hop transmission instead of single hops for a 2-tier network design. 

 

 

4. CONCLUSION  

Every day, the implementation of using WSN is rapidly increasing, and it will keep increasing in 

the next few years because of flexibilities and cost efficiencies [18]. The WSN is easily made for users to 

perform their job, such as collecting data, tracing a location and analysing information. However, there are 

some issues that will reduce the WSN performance which is energy usage, and the time consumed to send 

and receive the packet [19]. Generally, the WSN placements are difficult to access, when the WSN energy 

runs out, the nodes are unable to send and receive the information from other nodes. The enhancement 

of path selection by using a multi-hop transmission will reduce the WSN energy consumption. The SPF 
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algorithm is proposed to overcome the highlighted issues, in which the algorithm will find the shortest cost in 

their connected paths to the destination. Later, the proposed enhancement in data transmission from direct to 

multi-path will be run in MATLAB. By proposing this, it will reduce the transmission time for sending and 

receiving; hence, prolonging the WSN lifetime. The effectiveness of this approach will be measured 

by comparing the energy consumption while transmitting the data and it must show that the proposed 

approach can contributed towards effective energy consumption.  
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