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Abstract: This paper proposes a scalable, energy-efficient and 

scalable, energy efficient, delay bounded intra and inter cluster 
routing framework viz. GIICCF (Generalized Intra and Inter 
cluster chaining framework) for efficient data gathering in large 
scale wireless sensor networks. This approach extricates the 
benefits of both pure chain-based as well as pure cluster-based 
data gathering schemes in large scale Wireless Sensor Network 
(WSNs) without undermining with the drawbacks. GIICCF 
defines a localized energy-efficient chaining scheme among the 
member nodes within the cluster with bounded data delivery delay 
to the respective cluster-heads (CH) as well as enables the CH to 
deliver data to the Base station (BS) following an energy-efficient 
multi-hop fashion. Detailed experimental analysis and simulation 
results reveal GIICCF increases the performance of any pure 
cluster-based and chain-based protocols by a huge margin.     

Keywords: Wireless Sensor Network, Cluster based routing, 
Chain based routing, in network processing, data aggregation, 
intra and inter cluster chaining, data forwarding, energy*delay 
metric, network lifetime.  

I. INTRODUCTION 

In wireless sensor networks, as the sensing nodes are in 
an acute shortage of energy and replacement of energy 
source is not possible once deployed. Thus, the primary 
focus should be on the effective usage of the limited 
energy of the sensor nodes. The framework proposed in 
this paper considers these facts and with the help of 
well-known hierarchical protocols, e.g., LEACH [1,2], 
PEGASIS [3], etc., to improve the lifespan of sensing 
nodes and eventually to improve the network lifespan. 
This framework introduces intra-cluster as well as 
inter-cluster,  
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chaining mechanism with bounded data delivery delay 
and also helps the cluster-heads (CHs) to propagate the 
received cluster information to the base station via a 
multi-hop scheme, which is considered as the most 
energy-efficient.    

The key idea behind the inclusion of hierarchical routing 
protocols is that these protocols impart high energy 
efficiency, higher scalability, and have effective data 
aggregation mechanism. In the proposed approach, chaining 
is done within the cluster as well as between CHs of different 
clusters within the system. In the intra-cluster chain is formed 
between the cluster nodes and CH, whereas in inter-cluster 
chaining is performed within the CHs. This helps in 
improving the efficiency of the protocols and converts into a 
more energy-efficient protocols with higher network 
longevity. The remainder of the article is constructed in the 
following way: Section 2 discusses the Recent Works, Section 
3 proposes the Generalized Intra and Inter-Cluster Chaining 
Framework (GIICCF), Section 4 shows the experimental 
studies about the proposed model and finally, in Section 5 the 
conclusion is provided.  

II. RECENT WORKS 

 Low-Energy Adaptive Cluster Hierarchy(LEACH) 

  LEACH protocol as presented by Heinzelman et al in 2002 
[1, 2], the network consisting of several nodes is cleaved into 
small clusters depending on the cluster heads in the system. 
This whole process is cleaved into two parts; Start-Up & 
Steady-State Phase. The Start-Up phase is where the 
cluster-heads are elected among the nodes in the network in a 
distributed way based on the formulation devised in (1) but in 
every round (except first round) only few of the nodes 
participate in this process. Participating nodes in every round 
self-elect itself as cluster-head and generates a random value 
ranging from 0 to 1. For the running round, the value 
generated by a node if is smaller than the threshold, then that 
node is chosen as the head for the cluster for that very round, 
although a node, elected as head for any round, can’t 

participate in the election process till the next   rounds 
are over. 
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          (1) 
 

 Where pc = pre-decided percentage of cluster-heads, round 
= present round and Gc = collection of nodes that were not 
CHs for the past  rounds, c represents CH and i = ith 
node. 

Once the cluster heads are elected, every node broadcasts 
an Advertisement message throughout the network. During 
this period all the other nodes are required to keep their 
receivers on. As the advertisement is sent, the member-nodes 
after selecting the cluster-head to attach to for that round 
transmits a Join message to the head of the cluster and 
eventually forms a cluster. The decision of choosing a 
cluster-head to join, relies on the RSSI [4] value which is 
obtained from the Advertisement message passed by the 
heads. As the clusters are now formed, each head multi-casts a 
TDMA schedule to its members-nodes, to make them aware 
of the allotted slots. In steady-state phase the actual data 
transmission takes place between the member-nodes and 
heads and afterward between heads and base-station. In this 
phase, the non-head-node relay its data to the respective heads 
as per the allotted slots. Once the heads of each cluster receive 
all the information passed by the member-nodes, it carry out 
the aggregation operations on the received data to make it into 
a single data signal and finally transmits that data to the 
command station. 

This protocol is efficient as the nodes are only required to 
be awake during their allotted slots, which aggressively 
reduces the power requirement of the nodes. 

 Power-Efficient GAthering in Sensor Information 
Systems (PEGASIS) 

In [3], the authors have proposed PEGASIS, that forms a 
chain to transmit data between close neighbors and finally to 
BS presuming that every node has the information regarding 
the network. Here, the chain is formed based on a greedy 
algorithm in the beginning just ahead of the first round of 
transmission, and the formation begins at the farthest sensor 
node from the BS. Moments after the chaining process is over 
the data transmission starts. Farthest node begins this process 
by transmitting the data to the nearest neighbor along the 
chain, where the next node fuses its data with the received 
data and forwards the data further to the neighbor node in the 
chain. In each round, a node is selected among the member 
nodes to relay the data to the sink and is referred as leader and 
the formulation for a node j to become a leader among N 
numbers of nodes is in (4).  

 

                                          (2) 
The role of a leader before transmission of data is also to 

inform other nodes in the chain, which is done using short 
control messages. In PEGASIS, a node in the chain is 
debarred from becoming a leader, if the distance to its 
neighbor along the chain is not within the threshold limits. 
The chain in the network holds until the death of any node 
occurs or any topological imbalance occurs, in that event the 
chaining is done again but with a new threshold value. 

 

 Energy influenced Probability based LEACH Protocol 
(EiP-LEACH) 

The authors in [5] proposed a protocol that is predominantly 
depended on LEACH protocol [1]. In this, the election 
procedure of CH is unlike the protocol in [1]. In the LEACH 
protocol, choosing a cluster-head is purely dependent on 
equation (1), whereas in this algorithm another set of selection 
criterion which is depended upon two factors; remaining 
energy and initial energy of the nodes in the network and as 
given in (5). 

 

      (3) 
 
Where i is the engaged node for the election process, Ei is 

present remaining energy, Einitavg is the mean of initial energy. 
Remaining functionalities are similar to that of the original [1] 
protocol. The formations of clusters are initiated by 
transmitting a “join-request” message to head and then head 
relays time-slots to the member-nodes in the cluster. 
Thereafter, member-nodes of the cluster initiate the next 
process by transmitting their data to the respective heads and 
afterward to the sink. 

 D-PEGASIS 

Nearly all the algorithms based on chaining, the formation of 
chain is either done at the sink or is done by the nodes in the 
network with the structural information of the network. But in 
[6], authors have proposed another algorithm where the 
chaining is done among the nodes (self-activating) without 
even having the information of the SN. In this, initially the 
network is separated to form different zones or areas 
depending upon the positions of the nodes and distance to the 
BS. Afterward, depending on the identified areas, a formation 
of PEGASIS chain is initiated from the node at the farthest 
area and also at a certain position from the outer region 
(boundary) of the network. The PEGASIS chain formation is 
done area-wise, that is, the chain formation initiates from the 
node which is located in the farthest area and then the chain 
forwards and moves closer to the BS area by area. 

 EE-LEACH 

In this approach [7] an energy-efficient version of the LEACH 
protocol is proposed. In this protocol, the node deployment is 
based on the Gaussian Distribution model. Here, the location 
of sensor nodes and sink are known from the beginning. The 
predominant reason to propose this protocol is to enhance the 
data gathering process in the LEACH protocol. This is 
achieved by selecting optimal routes for data transfer with the 
help of effective data ensemble and also by forming efficient 
clusters. In this approach, the efficient cluster formation relies 
upon the remaining energy of nodes and the neighbor 
information retrieval. Moment the clusters are formed, the 
optimal heads are chosen based on the highest remaining 
energy and on the spatial information as the CHs have to carry 
out data fusion and also data transfer to the BS.  
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The data aggregation in this is based on data ensemble and 
conditional probability and finally, the fused data is sent to the 
BS. 

 LEACH-M 

This protocol in [8] focuses mainly on reducing the energy 
dissipation that occurs during the selection procedure of 
heads in LEACH protocol, and hence proposes a novel 
approach for the cluster-head selection. LEACH-M protocol, 
considers the remaining energy as well as the network address 
of the nodes to optimize CHs threshold equation, which in 
turn establishes a stable and energy efficient clusters. The 
objective of the protocol is similar to the LEACH protocol 
and moreover also follows the principle of ZigBee cluster-tree 
[9] [10] [11], where the network is separated in three different 
categories, namely, coordinator, router, and end-node. To 
evaluate the network addresses of route nodes (Arouter) and end 
nodes (Aend) based on the address of parent (Aparent), the 
following equations are used [9]. 

 

 
                                                                             (4) 

 
                                (5) 
 
Where nd is the network depth of the node, Cskip(nd) is the 
address space of the node, Rk is the highest no. of 
router-nodes, Lk is the deepest depth of the system, and Ck 
indicates the highest no. of child nodes. Once the addresses 
are calculated, this algorithm evaluates the average energy of 
the network and finally based on these two factors chooses a 
competitive CH. 

 Cluster-Chain Mobile Agent Routing (CCMAR) 

In [12], the authors have proposed a model where it uses the 
fundamental principle of both LEACH and PEGASIS. Here 
based on [13], which basically uses the remaining energy of 
the node and besides the transmission range of the nodes to 
select cluster heads. Once CHs are selected the cluster 
formation process is initiated. After the cluster formation is 
over the role of CHs takes the role of cluster chains and forms 
a chain within the clusters, starting from the farthest node 
from to the CHs. These chains and clusters remain active until 
a node is dead. After data aggregation is performed by the 
chain heads the data is send to the base station using a mobile 
agent (MA) [14][15]instead of direct transmission from the 
cluster/chain heads. Thus, reducing the energy dissipation in 
the process of data transmission. 

III. GENERALIZED INTRA AND INTER CLUSTER 

CHAINING FRAMEWORK (GIICCF) 

In this framework, after the CH selection and cluster 
formation, the chaining process within the cluster 
(intra-cluster) as well as chaining among the CHs 
(inter-cluster) is performed. In case of intra-clustering, the 
farthest node from the CH and the closest node to the CH in 
the clusters are selected for the chain formation. Even in the 
inter-cluster communication, the CH farthest from the the BS 
and the CH closest to the BS are elected to begin the chain 

formation. But in both the cases, the number of hops are 
restricted to a certain level. During the chain formation not all 
nodes within the cluster as well as not all CHs in the network 
are assigned to a single chain. Here in GIICCF, the idea is to 
form more than one chains using minimal spanning tree and to 
discover the optimal path for the message forwarding. The 
detailed proposal is discussed in the following sections. 

A. Network Model & Assumption 

Here in this paper, the wireless sensor network that is 
implemented is of size M X M, and the nodes (N) are 
randomly deployed. The sensor nodes are homogeneous, that 
is the operational capacity, processing capacity and initial 
energy for the nodes, with that they are also location aware. 
The base station is placed far away from the sensor field and is 
on unlimited power supply. Every node is capable to relay 
data to the BS. 

B. Energy Model 

  In this work, the first-order radio model [16] is used to 
represent the energy dissipation for communication and is 
being implemented in various other recent models [17] [18] 
[19]. Two propagation channel models are used in this work 
(free-space channel and multi-path space model). The choice 
is based on the distance between the sender and the receiver, if 
the range is smaller (smaller than the threshold distance, D0) 
free space propagation model is adopted and if the distance 
between transmitter and receiver is greater (greater than the 
threshold distance, D0) multi-path space propagation model is 
opted. The energy consumption expression for transmitting a 
k-bit data over a distance d is as follows: 
 

                  (6) 
 
Where Etx-amp (k, d) = energy dissipation done at the 
transmitter unit for relaying k-bit data across a distance of d. 
Eelec = energy dissipation at the relaying unit and the  = 

constant co-efficient for multi-path propagation = constant 

co-efficient for free-space propagation. The values of  and 

 are as per the values used in [1] [2].  

Moreover, the energy expense on collecting a k-bit message, 
the expression is as follows: 
 

                                                  (7) 
 
Therefore, the energy required to forward a k-bit message in a 
hop to hop multi path fashion is: 
 

             (8) 
where n being the current node which wants to send 
information to the next node n+1. 
Moreover, the proposed model also uses optimal number of 
hops that are required in data transmission either from sensor 
nodes to CHs or CHs to the BS.  
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Therefore, to find out the optimal number of hops for a 
given d is [20]: 
 

              (9) 
 

C. GIICCF-Bounded Diameter Minimum Spanning 
Tree 

As mentioned earlier, the suggested framework is 
segregated into two major components; Intra cluster chaining 
and Inter-cluster chaining framework (explained in later 
sections). Here, unlike PEGASIS or any other chaining 
protocols, not all nodes are included in one chain, that is, 
more than one chain may exist. This can be accomplished 
through implementation of a graph [21], G (V, E).  

  and E = weighted links between 
member nodes and CH. In intra-cluster, the center is first 
taken from the vertices set (V), as with clustering, CHs are 
regarded as the main unit, therefore CH is selected as a center 
node. Once the center node is discovered, another nodes from 
the vertices set is considered based on the energy remaining 
and distance to the CH. With the assistance of these two nodes 
the minimum spanning tree (T) is constructed and is 
illustrated in the following algorithm (1). 

The same procedure is followed for the construction of 
minimum spanning tree for inter-cluster part also. Here 
the set of vertices VCH are all CHs in the system and the base 
stations, and E is the links connecting the CHs and to the base 
station. In this case, the center is chosen based on the distance 
and energy. A cluster head having the distance closer to the 
average distance to BS and with highest remainder energy is 
selected as the center. Afterwards the next-hop is selected 
again based on the criteria of distance to the center, and 
remainder of the algorithm is followed (Algorithm 1).   

 

D.  Intra-Cluster Chaining Framework 

To be able to minimize the power usage of sensor nodes, 
the chaining framework is implemented using the Greedy 
algorithm along with the help of bounded hop MSTs. Thus, 
once the cluster formation is completed, the ith CH in the 
system, having the information of positions of all the member 
nodes in that cluster, creates a weighted graph  

,where  

  and E is 
the weighted edges linking the nodes and CH in the cluster 
[22][23]. Now from the graph G, CH constructs a MST, T that 
assists in constructing the best possible path for the data flow 
from the member-nodes to the CH, as illustrated in fig. (1). 
selects the farthest node in the cluster and informs it to start 
the chaining process with the information of the distances of 
remaining nodes. After receiving the information, the jth node 
starts the chain formation process and relying on the 
information received from the CH, selects the neighbour 
nodes and along with forwards the distance information of 
remaining nodes. This chaining process runs till the optimal 
hops (k-neighbours) using equation (4), the bounded hop 
MST is met. 

 
Figure 1: Intra-cluster Chaining Framework 

Architecture 
 

 

E. Inter-Clustering Chaining Framework 

In this framework, similar chaining procedure is followed, but 
instead of normal nodes, CHs of different cluster are included 
in the chain. As soon as the chaining processes within clusters 
are over, the CHs in different clusters send the distance as 
well as residual energy to the BS. The BS then constructs 
another graph, ,  
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where the  and  consists all 
the links within the CHs and BS. Again similarly, based on the 
graph, , a MST  is obtained and from there the optimal 
path based on the criteria of energy and distance, the chain 
formation is initiated from the farthest cluster-head in the 
system to the nearest node to the sink, shown in figure (2). 

 

 
Figure 2: Inter-cluster Chaining Framework 

Architecture 

 

F. Experimental study 

In this section, the implementation of the proposed 
framework (GIICCF) is discussed, and is compared with other 
well known clustering protocols as well as with chaining 
protocols in WSN. This section incorporates network area of 
100 X 100 m2 (Figure 3). Other parameters relating to the 
experimental processes are provided in Table 1. These 
experiments were performed on a network simulator, named 
NS-2.35 [24]. 

 
Figure 3: Distribution of "50" sensor nodes over network 

area of 100m x 100m 

 
As discussed earlier, the framework proposed is a method 
which is implemented with only existing protocols. Thus this 
section is divided into two sections; first section discusses the 
performance enhancement over clustering protocols when 
implemented with GIICCF and in the later section the 
performance enhancement over chaining protocols are shown 
when the protocols are implemented with the proposed 
framework. 

A.  GIICCF over Clustering Protocols 

Here, for the performance comparison of GIICCF on 
clustering protocols, three protocols are taken in to 
consideration, wiz, LEACH, EE-LEACH, and LEACH-M. 
All the mentioned clustering protocols are based purely on 
clustering protocols. In figure (4), the comparisons of alive 
nodes for these three protocols are shown, and in figure (5), 
these protocols when attached with GIICCF, their comparison 
of alive nodes is shown. 

 
Figure 4: Comparison of network lifetime for LEACH, 

EE-LEACH and LEACH-M 
From the above two comparisons, it could be seen that, when 
protocols attached/implemented with the proposed 
framework (GIICCF), outperforms the original protocols. 
Hence the life-time of all the nodes in the network increases 
with a huge margin. The figure (6) below provides a brief idea 
of nodes death over a period of time for these above 
mentioned protocols. It contains the details of first node 
deaths (FND), half node deaths (HND) and last node deaths 
(LND) for all the original protocols as well as enhanced one 
with GIICCF. 
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Figure 5: Comparison of network lifetime for LEACH, 
EE-LEACH and LEACH-M when implemented with 

GIICCF. 
 

 
Figure 6: Comparison of node deaths for original and 

enhanced protocols. 

Packet Delivery Ratio (PDR) is the ratio between packets 
delivery by the nodes to the BS and total packets sent. 

 

       (10) 
 
PDR suggests that, the higher the value of PDR, better the 
performance of the protocol. On simulations, it was found that 
for LEACH, EE-LEACH and LEACH-M when applied with 
GIICCF framework the performance of the system (PDR) 
increased exponentially. Figure (7) and (8) presents the PDR 
values for the same. 

 
Figure 7: PDR for LEACH, EE-LEACH and LEACH-M. 
 

 
Figure 8: PDR for LEACH, EE-LEACH and LEACH-M 

when implemented with GIICCF. 

B. GIICCF over Chaining Protocols 

Here also, for the performance comparison of GIICCF on 
chaining protocols, three protocols are taken into 
consideration, namely, PEGASIS, DPEGASIS, and CCMAR. 
In figure (9), the comparisons of alive nodes for these three 
protocols are shown and in figure (10), these protocols when 
attached with GIICCF, their comparison of alive nodes is 
shown. 

 

Figure 9: Comparison of network lifetime for PEGASIS, 
DPEGASIS and CCMAR 

 
Figure 10: Comparison of network lifetime for PEGASIS, 

DPEGASIS and CCMAR when implemented with 
GIICCF 

From the above two comparisons, it could be seen that, when 
protocols attached/implemented with the GIICC framework, 
outperforms the original protocols. 
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 Hence the life-time of every nodes in the network increases 
with a huge margin. The figure (11) below provides a brief 
idea of nodes death over a period of time for these above 
mentioned protocols. It contains the details of first node 
deaths (FND), half node deaths (HND), and last node deaths 
(LND) for all the original protocols as well as enhanced one 
with GIICCF. 

 

Figure 11: Comparison of node deaths for original and enhanced 
protocols 

 
Based on equation (10), PDR of PEGASIS, DPEGASIS 

and CCMR are provided in figure (12). On implementing the 
GIICCF on the said protocols, it was found that the system has 
outperforms the original protocols (figure (13)). 

 

 
Figure 12: PDR for PEGASIS, DPEGASIS and 

CCMAR 
 

 
Figure 13: PDR for PEGASIS, DPEGASIS and 

CCMAR when implemented with GIICCF 
 
 

IV. CONCLUSION 

In this article, through the above simulation results, it could be 
seen that protocols based on clustering and protocols based on 
chaining, when implemented with the proposed framework, 
that is, Generalized Intra and Inter Cluster Chaining 
Framework (GIICCF), the performance of the protocols 
increases significantly. In GIICCF, chaining is done at both 
the levels, that is, at the cluster level and even at the network 
level. Where the nodes within the cluster (intra-cluster) elect 
one cluster/chain head and form different chains to relay the 
sensed data to the cluster/chain head. Again at the network 
level (inter-cluster) the cluster/chain heads of different 
clusters form chains to relay data to the base station. This 
reduction in energy dissipation while transmitting the data 
either to the heads or to the base station has made the 
framework more energy-efficient as well as has made the 
system better performing one. Thus, if generalized intra and 
inter cluster chaining framework is implemented upon other 
cluster-based protocols and chain-based protocols the 
performance of these protocols subsequently increases 
exponentially.  
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