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Abstract:  

The energy restriction of Wireless sensor networks  (WSN) requires energy (resource) saving and so elongating the network 

lifetime become the utmost imperative goalmouths of numerous routing co nventions. Routing techniques used in wireless sensor 

network are Flat routing, Hierarchical (Cluster) routing and Location based routing . In this paper CCM (Chain Cluster Based 

Mixed) Routing protocol has been proposed which is  a combination of h ierarchical based LEACH and PEGASIS protocols. The 

simulation results showed that proposed protocol resulted in improved performance as compared with other protocols. 
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1. INTRODUCTION 

 A Wireless sensor network is a group of specialized 

transducers with a communications infrastructure for 

monitoring and recording conditions at diverse locations. 

Commonly monitored parameters involve temperature, 

humid ity, pressure, wind direction etc. A wireless sensor 

network (WSN) somet imes called a wireless sensor and 

actuator network (WASN) [1] is spatially distributed 

autonomous sensor to monitor physical o r environmental 

conditions such as temperature, sound, pressure etc. and to 

cooperatively pass their data through the network to a main  

location.  Fig. 1 shows example of wireless sensor network 

having number of sensing nodes scattered in given area. 

Sensing nodes are connected to routing nodes which directs 

flow of informat ion to other nodes  in the network. The 

application domain of WSNs varies from environmental 

monitoring, to health care applications, military operation, 

transportation and so on [1].With respect to WSN’s 

application, single routing protocol cannot meet all the 

application requirements [2]. Thus, many routing protocols are 

proposed with the domestic and international research 

development of WSN. 

 

 
 

Fig.1 Node network of WSN [2] 

 

The various routing protocols can be classified as flat, 

hierarchical and location based protocols as shown in Fig.2. 

In flat routing protocols, each node typically plays the same 

role and sensor nodes collaborate together to perform the 

sensing task. Flooding is flat type of routing protocol in  

which each sensor node receives data and then sends them to 

the neighbours by broadcasting, unless a maximum number 

of hops for the packet are reached or the destination of 

packet is achieved.  
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Fig.2 Types of wireless sensor network protocols  

 

2. RELATED WORK 

During the last few years, many energy efficient clustering 

protocols have been proposed for wireless sensor networks to 

prolong the network lifetime. We review some of the most 

recent work in d ifferent views of clustering.  

Akash Govil, Govind Patidar[1] proposed a distributed energy 

and geographically dynamic clustering scheme with adaptive 

cluster format ion processor efficient routing in  wireless sensor 

network, to make an optimized cluster head selection process 

and adaptive. Results shows that this protocol successfully 

extends the stable region to more than 2000 rounds by beings 

aware of heterogeneity through assigning probability of cluster 

head election weighted by the relative initial energy of nodes, 

also the lifet ime of network extended to more than 3500 

rounds in this p rotocol. S. Sasirekha and S. Swamynathan[4]  

provided a comprehensive survey of different data aggregation 

algorithms in wireless sensor networks. Although, many 

routing protocol exists for data-aggregation techniques, the 

study proved that there is a scope for further research. Husam 

Kareem et al. [5] proposed a new routing algorithm that can 

achieve significant energy conservation in WSNs, known as 

Two Stage Chain Routing Protocol (TSCP). They could 

achieve better fairness amongst sensor nodes then it will lead 

to better load balancing and extending the network lifet ime. 

Parul Bansal, Poonam Kundu and Prabhjot Kaur[6] analyzed 

Low Energy Adaptive Clustering Hierarchy (LEACH) and 

Power Efficient Gathering in Sensor Informat ion System 

(PEGASIS) h ierarch ical protocols. This work analyzed these 

protocols on the basis of total every consumed, overheads, and 

sensors lifetime and provided a comparison of LEACH and 

PEGASIS with simulation results. Sohini Roy, Ayan Kumar 

Das [7]proposed EECBRP algorithm that deals with cluster 

formation based on different events, cluster head selection, 

aggregation of the sensed data within  a cluster and sending 

that to the base station in an energy efficient way. The 

simulation result illustrated that the performance of EECBRP 

is better than other algorithms like EEHC [8] and SCHS [15]. 

Razieh Sheikhpour, Sam Jabbehdari and Ahmad 

khademzadeh[10] proposed an energy efficient cluster-chain 

based protocol (ECCP) for wireless sensor networks. The 

simulation results shows that ECCP is more efficient in terms 

of network lifet ime, stability period, instability period, 

balancing energy consumption among sensor nodes, energy 

consumption and the amount of data received at base station 

than other protocols. Muhammad Haneef, Deng 

zhongliang[14] proposed the major d istribution of routing 

protocols used in WSN. They analyzed that the routing 

protocol in wireless sensor network is highly application 

specific so fo r designing an efficient routing protocol 

application requirements need to be considered. 

 

3. Cluster Based Routing Protocols  

 

Brief introduction to commonly used LEACH and PEGASIS 

protocol is given as: 

a. LEACH (Low Energy Adaptive Clustering 

Hierarchy):   LEACH is a routing protocol in which  

the data are delivered  to the data sink or base station in a 

cluster-based approach. It is a cluster-based hierarchy in  

which the entire network is div ided into clusters and each 

cluster has a cluster head assigned to it. Cluster 

formation is dynamic in each round and the cluster head 

is responsible for the data collection from all the nodes of 

that cluster; it processes the data and sends the collected 

data to the base station. In LEACH, cluster heads are 

selected randomly, but the energy spent for each round is 

balanced as all the sensor nodes have a probability to be 

selected as a cluster head. For every round, 5% of the 

total sensor nodes are cluster-heads [6]. The advantage of 

this protocol is that it avoids data redundancy at the 

sink/base station. But there is no peer to peer 

communicat ion amongst the nodes of the cluster. Fig. 3 

shows structure of LEACH protocol.  
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                    Fig. 3: The structure of the LEACH protocol [9]   

 

 The Cluster head is generated by a random method, so it 

cannot guarantee the even distribution of cluster heads, and 

the selection not considering the transmission distance and the 

node remains energy, leading the uneven energy consumption 

for d ifferent nodes. The communication between  the cluster 

head and the base station uses the single hop model, therefore, 

the farthest node to the base station in the network area is dead 

earlier than other .  

LEACH protocol suffers from a limitation that it is  completely  

distributed. Lack of centralized control system in LEACH can 

reduce communication costs by up to 8x and LEACH keeps 

the first node alive for up to 8x longer and  the last node by up 

to 3x longer.  

b. PEGAS IS (Power-Efficient Gathering in Sensor 

Information System): 

   PEGASIS is a chain based protocol that provides 

improvement over LEACH algorithms. In PEGASIS, each 

node communicates only with a close neighbor and takes turns 

transmitting to the base station, thus reducing the amount of 

energy spent per round[9]. Using greedy algorithm, the nodes 

are organized to form a chain, after that base station can 

compute this chain and broadcast it to all the sensor nodes. 

Energy saving in PEGASIS over LEACH takes place by many 

stages: First, in  the local data gathering, the distances between 

the cluster head and the base station is less than the distances 

between each cluster head to the base station in LEACH. 

Second, only one node transmits to the base station in each 

round of communication as shown in  Fig. 4 . PEGASIS 

outperforms LEACH by limit ing the number of transmissions 

and eliminating the overhead of dynamic[18]. 

 

 
  

      Fig. 4 The structure of PEGASIS protocol [9]  

 

However, PEGASIS have some drawbacks as it assumes that 

all nodes can directly be connected with the BS, while, in  

practical these nodes use multi-hops to reach the BS. In  

addition it uses greedy algorithm to construct its chain, which 

it used distance parameter to selected next hope connection, it 

is like traveling salesman problem. 

In this work chain cluster based mixed (CCM) routing 

protocol is proposed to overcome the drawbacks of LEACH 

and PEGASIS. 

c. CCM (Chain-Cluster based Mixed) routing protocol. 

    CCM is combination of LEACH and PEGASIS 

protocol.CCM take the low power advantage from PEGASIS 

protocol, and short transmission delay from LEACH protocol. 

CCM protocol has two phases, Phase 1 is known as chain 

based routing. In this step, the sensor nodes construct a chain 

for the intra-connection and all chain member nodes send data 

to the chain head using chain-based routing concept. This 

process involves two steps as selection of chain head node and 

Data transmission in a chain. In Phase2, the CCM have two 

steps namely Vot ing cluster head and Data transmission in the 

cluster. All chain heads construct a cluster-based routing as 

inter-connection. Finally voted cluster head send fused data to 

the Base Station Structure of CCM is shown in Fig.5. It can 

mitigate the power consumption by uniform deployment of the 

sensors and combined the advantage from LEACH and 

PEGASIS. However, it ignores the energy consumption 

occurred due to long distance between chains and increased 

delay due to long links [1]. 
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Fig.5. CCM routing protocol. 

 

4. SIMULATION S ET UP  

In this work MATLAB platform has been used to simulate 

the behavior of Cluster Based Routing Protocol. The 

simulation parameters used in this work is given in Tab le 1.  

Table1. Simulation Parameters  

Parameter Value 

Area of sensing field  (100×100)m2 

Base station position  (100,150) 

Number of Sensing node 100 

Behavior of Nodes Stationary 

Initial Energy of each  

Sensor node 

0.5joule  

Eelec 50p j/bit  

Eamp 100pj/bit/m2 

Size of Data Packets 2000 bit  

 

 4.1  Performance Metrics 

To measure the performance, various performance 

metrics are defined to decide which routing protocol will be 

suitable for a particular mobility model. The performance 

metrics used in this work are given as: 

1) Energy consumption: This  metric  is computed by 

adding power consumption in each node in the 

network. 

2) Energy distribution: This  metric compute how the 

power dissipates evenly in all nodes. 

3) Network lifetime: It is the mean time the first node or 

last node die, or time till the network d isconnected or 

time to how many packets are received by the sink 

before exceeding threshold. 

4)  Scalab ility: It  ind icates how the given network 

performs with increase in number of networks nodes. 

5) Routing message cost: This metric is use to evaluate the 

efficiency of the algorithm and number of packet  

generated in each successful communication.  

6) Storage requirement: It is the memory required by a 

protocol in each node. 

 

5. RES ULTS AND DISCUSS ION 

In this work we have evaluated the performance of CCM 

Protocol and compared with LEACH and PEGASIS. The 

performance of these protocols has  been compared on the 

basis Energy Efficient, Energy × Delay per round, 

Transmission Delay, Alive Sensor nodes. 

5.1 Consumed energy per round: These metric is 

computed by adding power consumption in each node in the 

network. Three factors are considered to be responsible for 

consuming the energy during data routing which are:  

i. data transmitted 

ii. data receive and  

iii. data aggregated  

 Fig.6. shows energy consumption per round in three 

protocols. It shows that proposed CCM protocol lesser 

energy as compared with LEACH protocol but offers slight 

increase in energy consumption per round as compared with 

PEGASIS. 

 

 
Fig. 6:  Consumed Energy per round for Different Protocols  
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5.2 Energy × Delay per round: Fig. 7 p rovides comparison of energy and delay per round product and it can be concluded that 

proposed CCM protocol shows better performance as compared with LEACH and PEGASIS protocols. 

 
Fig.7: Energy ×Delay per round for Different Protocols 

 

5.3 Transmission Delay: Fig. 8 provides comparison of transmission delay offered by three routing protocols  and it can be 

concluded that proposed CCM protocol shows better performance as compared with LEACH and PEGASIS protocols in terms of 

lesser transmission delay. 

 
Fig.8: Transmission Delay offered by Different Protocols 

   

5.4 FND and LND (First Node and Last Node Died)  

 In this section, performance of CCM algorithm has been compared with LEACH and PEGASIS algorithms when first node in the 

network dies FND and when the last node in the network dies LND. As shown in Fig. 9, in CCM, nodes spent maximum t ime in 

the network by being alive for maximum number of rounds. 

 
Fig. 9: Performance comparison of network lifetime using FND and LND Metrics. 
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The results of all the observations are compiled in Table 1 and Table 2.  

 

Table 1: Comparison of characteristics of three routing protocols 

 
 

Table 2: Comparisons of network lifetimes (number of rounds) 

 
 

In this work, energy efficient clustering routing Algorithm 

with chain cluster based mixed routing protocol has been 

proposed for wireless sensor networks. The performance of 

proposed method is compared with self organized routing 

algorithms Leach and PEGASIS for wireless sensor 

networks.This protocol is used to determine the energy 

efficiency for cluster format ion in WSNs. Simulat ion results 

showed improved results  in terms of network lifetime of 

sensor node. This protocol successfully extends the stable 

region to more than 3500 rounds by being aware of 

heterogeneity through assigning probabilit ies of cluster head 

election weighted by the relative in itial energy of nodes, also 

the lifet ime of network extended to more than 3500 rounds in 

this protocol.  
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