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 The significance of wireless sensor networks (WSNs) has developed greatly in the last 

decade, denoting out the important requirement for expandable and energy-efficient 
routing and data grouping and clustering protocols regarding large-scale 

encompassment. Most of the study in this field has worked on energy-efficient results, 

but has not completely evaluated the network efficiency, e.g. in terms of data grouping 
speed and time. The main goal of this paper is to provide a useful fully-allocated 

deduction algorithm for clustering, based on supported generation. The algorithm 

chooses cluster heads, based on a different set of universal and local specification, 
which finally accomplishes, under the energy conditions, aggregates network 

efficiency. Analyzing the algorithm execution shows an improvement in yield in more 

than 40% correlated to HEED scheme. This benefit is shown in terms of network 
dependability, data collection quality and transmission cost. 
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INTRODUCTION 

 

 Configuration of large multi-hop wireless networks into groups is important for achieving basic network 

efficiency. In wireless sensor networks (WSN), the clustering is primarily symbolized by data improvement by 

each cluster head, which importantly lessens the traffic cost. The hierarchical model needs two main techniques: 

(1) periodic choosing of cluster heads (CHs); and (2) appointment of each node to one or multiple clusters. Best 

clusters’ choosing is similar to the minimum controlling set problem which is an NP-complete problem. An 

energy-efficiency algorithm may select a few CHs for energy-saving, but if these CHs do not have good 

connectivity or if they are not stable, there transmission and the dropped packets may significantly degrade the 

network efficiency and the total energy wasted may end up to be higher. Therefore, taking reliable 

communication into account is essential for any clustering algorithm which aims to lessen the energy usage in a 

network. Thus, network continuance is tightly coupled with the network efficiency. The study done in this paper 

differently denotes the clustering issues in multi-hop networks with a important spotlight on network efficiency, 

using the supported generation (SG) algorithm. SG is a looping algorithm for calculating minimal chances on 

trees, by local message passing (Bickson, D., 2005). Mostly, it is used for efficiently resolving deduction 

problems. SG is a popular method for allocated deduction because of its properties, such as fast convergence, 

accurate results, and good efficiency in asynchronous environment etc. The main advantage of this method over 

existing algorithms for clustering is that SG considers not only local properties of a node, such as residual 

energy or degree, but also takes into account joint characteristics of a group of nodes, such as link quality and 

topology information. The influence of the paper is two-fold. First, it presents a new algorithm for productive 

clustering that considers not only the power balancing among the nodes, but also the total transmission power 

aggregated in the multi-hop routing. We introduce a new broadcast variation that is chained to fit Min-Sum 

algorithm, efficient execution in hardware and effective network transmission. The message passing routine is 

largely energy-aware and gives separate mixture of energy-efficient parameters. Our novel method of using a 

broadcast communication paradigm and the use of only integer calculations, without any planning or message 

queuing, considerably reduces the general overhead compared to other SG platforms that are used for WSN 

(Crick, C., A. Pfeffer, 2003; Frey, B.J., D. Dueck, 2007; He, Y.,  2006). The rest of the paper is formulated as 

below. Section 2 briefly proposes related previous work. Section 3 explains the network model and formalizes 

the clustering problem. Efficient clustering, using supported generation, is described in Section 4. Section 5 
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analyzes the algorithm using simulation. Section 6 concludes the paper with a discussion and directions for 

future work. 

 

Related Works: 

 Many study projects in the last few years have investigated clustering in WSN from different options. 

LEACH (Ihler, A.T., 2005), is the first clustering algorithm that was introduced for lessening power usage. It 

plays a role in multi-hop networks, using an reconciling transmission power in the inter-clustering discussion. 

Both techniques are totally-distributed, stop in constant number of loops and discussed low message overhead. 

However, the cluster choosing deals with only a subset of parameters, which can possibly implements 

conditions on the system. These methods are suitable for prolonging the network lifetime rather than for the 

entire requirements of WSN. In EEUC (Qin, M., R. Zimmermann, 2007), the hot-spot problem in multi-hop 

networks is solved using clusters with irregular size. The life time of CH that is close to BS is short, because 

they depend much more traffic than far-off nodes. Locating minor cluster sizes to the close CHs shield their 

energy. Aggregating improvement for multi-hop networks is proposed in (Younis, O., S. Fahmy, 2004), using 

segregation between the data gathering and aggregation task and the forwarding task. All these algorithms try to 

prolong the network lifetime and to balance the load among the nodes, using some metrics for cluster choosing 

and maintenance. Network efficiency of a multi-hop network is beyond the scope of these papers. A broader 

perspective is presented in (Younis, O., S. Fahmy, 2005), where three basics characteristics of multi-hop 

networks are explained: power usage distribution, the effect of the distribution on data grouping speed, and data 

collection time. This work searches the network efficiency of direct communication, LEACH and HEED. It 

provides new metrics in a multi-hop WSN for computing the quality of a clustering algorithm. The efficiency of 

the algorithm can also be measured using these standards.  

 

System Modeling and Problem Formulation: 

 We model the sensor network as a directed graph G = (V,E), where V is a set of nodes, where each one is 

dedicated a local unique identifier. E is a set of wireless links connecting two neighbor nodes. Nodes are stated 

as adjacent if and only if they are within each other’s transmission range. The links may be asymmetric. A 

special node, v0, is defined to be the base station (BS). The BS is separated from other nodes by its unlimited 

energy supply. An efficient scheme is used to select CHs that: (1) minimize the total transmission power 

aggregated over all nodes in the selected path; (2) balance the load among the nodes to prolong the network 

lifetime. These two requirements may disagree with; e.g. the energy used is more when the path is long rather a 

short path may be selected in order to avoid battery depletion at some nodes. The first requirement itself obtains 

the efficiency of the network, where minimizing the total transmission cost results in a decrease of 

retransmissions as well as the data transmission time. In order to achieve a scalable and feasible framework, the 

overhead of the scheme should have a constant message and time complexity per node, with low maintenance 

cost. As added, it should handle limitations as changes in topology, non-synchronous environment, failures and 

duty cycle. 

 

Proficient Clustering Using Trust Propagation: 

 The idea of using SG for clustering was last used in (Younis, O., 2006). The likeness generation technique 

was set in that paper in a very common index and not in a practical manner for WSN. In this section we 

construct a novel SG framework for WSN and describe the algorithm for clustering. 

 

A. Trust Propagation: 

 In a probabilistic graphical model, an undirected graph G = (V,E) is a set of nodes V and arcs E which 

represent reliability among random variables. We denote by xi the variable resembling the set of possible states 

of a node i.  (xi)corresponds to a local (prior) distribution function of node i and  (xi, xj) refers to a joint 

function of two connected nodes i and j. These functions are also called potential functions. In the SG method 

(Yu, J.Y., P.H.J. Chong, 2005), the deduction is carried out in a local and allocated manner by every node, using 

a message passing system. mij(xj) is a message from node i to node j about the state that node j should be. Node 

i calculates the massage using previous messages it receives from its adjacent neighbors N(i). The message 

revise rule performed by a node i in round t is, 

 

mij (xj)
t
=

t-1 
 

 The update rule referring to state xj of node j is a sum over all the possible states xi of node i. At every 

circumstances three elements are integrated, the local prior information (xi), the joint function  (xi, xj) 

and the direct neighbors information mki(xi)t−1.Upon termination, after round t, the belief at a node i (the 

marginal of the variable) is the product of the local evidence together with all the incoming messages and a 

normalization constant . 
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bi (xi)=
t 
 

 The SG algorithm for trees is an exact deduction algorithm, which means that the belief converges to the 

correct marginal values in a finite number of iterations equals to the diameter of the tree. The algorithm is 

intuitive. Each node transmits to its neighbors a message with its local and joint costs. The algorithm, in its 

broadcast form has three basic steps, 

 

A1. Message Passing: 

 Each node i transmit its local evidence on the initial round, and its belief, depending on arriving messages, 

on the consecutive rounds. Upon each broadcast message m i* from node i includes a combined information for 

all its neighbors, replacing multiple unicast messages. The receivers extract the information intended for them. 

mi*(xi)
0
 =  i(xi)  

mi*(xi)
t
 = i (xi) +

t-1  

 

A2. Message Revise Rule: 

 Upon a reception of message mi*(xi)t from node j  N(i), node i updates its local belief by extracting the 

unicast information from the broadcast messageof node j, using the following calculation, 

mji(xi)
t
=  +  mi*(xi)

t
- mij (xj)

t-1
} 

The value of every message at round t < 0 is 0. 

 

A3. Belief Calculation: 

 At the end of round ¯t, where ¯t can be chosen to be the network diameter or any other predefined limit, 

node i determines its final state xi to be the one which minimizes the total cost. 

b(xi) = arg  + ¯t} 

 

B. Cost Metrics: 

 Basic metrics for energy-efficient and reliable communication are formulated in  for minimum energy path 

and maximum lifetime. Their analysis shows that an incorporation of the link error rates is required for reliable 

packet delivery, in both constant-power and variable-power scenarios. Using a similar method, two cost 

functions are defined. These cost functions consider residual energy, degree, topology and link quality, distance 

from BS (in terms of hops) and overall transmission cost, as the following. A self cost of a potential CH is 

denoted by Ci= , which is basically defined by the expected energy consumption in a period Ei and it’s 

residual battery power Bi. The expected energy consumption is an estimation of the power used in the routing if 

that node becomes a CH. Accordingly, the transmission cost between two neighbors Cij = is defined as a 

function of the energy consumption over the link Eij and the remaining battery power of the transmitting node 

Bi. 

 

C. Algorithm Description: 

       Let xi be a CH candidate of node i, i.e. xi = i or xi N(i) and xi has a valid route to the BS and appropriate 

link quality. We define to be a local cost function of connecting node i to CH xi. 

 

={Ci for xi = i } 

Cij for each xi = j  Ni 

 represent the constraints between two neighbors i and j to eliminate improper assignment 

of CH association. The constraints are: (1) two neighbors cannot have same CHs (2) a node can choose one 

more node to be its CH only if that node announces that it is a CH. 

={  one of the constraints is applied 

                  0 otherwise. 

 Cluster choosing is possible at each node after a period of initialization, when a route to the BS is formed. 

The activation process is done asynchronously by: (1) when a regular node does not find a CH among its 

neighbors, e.g. because of topology changes; and (2) periodically, by a CH, to balance the power among the 

local area nodes. The second occurrence also guarantee that the number of CHs will not be too big, by stopping 

a CH from presuming that task if it is not re-selected. 

 The message passing algorithm is performed on a tree structure, which is a sufficient condition for union. 

The algorithm is implemented in a constrained region of a 1-hop locality, and as a consequence, it necessitates a 
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steady number of messages. It stabilizes when the entire network is not affected by local changes anymore. Each 

node i starts the process by broadcasting the message m i*(xi)0. This message contains its cost for being a CH 

(infinite if it is not a valid CH) and the cost to connect other CH candidates among its neighbors. Topology 

changes during the message passing are taken into consideration as follows: (1) Cost of new neighbors is not 

added in the middle of the message passing operation; (2) It is impossible for a node to converge with a new 

parent in case if it loses the parent during message passing, so all its messages are ignored. The node waits until 

the end of the process to find out a new CH; (3) Link breaks are marked by updating the joint cost to be infinite. 

A node determines which of its neighbors are in its routing sub-tree by inspecting the messages of its parent and 

its descendants. One round before termination, a node calculates the belief about its final state- a CH or a normal 

node, and attaches the suitable declaration to the message. After the last round a node operates according to its 

announcement In case of errors or convergence problem, it is possible that no node would declare them as a CH. 

In such a situation, nodes that do not have any alternative CH in their area start the clustering process again. 

 

C1. Sketch of the Algorithm: 

Main 

(1) If CH and clock run out or if normal node with no CH 

(1.1) Start clustering process with propagation limit of 1; 

(2) Upon reception a first-round SG message from parent or from CH candidateand when the propagation limit 

is 1 

(2.1) Update your parent to be the sender node for the message passing; 

(2.2) Start clustering process with propagation limit of 0; 

(2) Clustering Process 

(1) Calculate local cost utility and combined cost function of all the neighbors; 

(2) The MS algorithm with the following rules are executed: 

(2.1) Unordered messages will be stored in a buffer until computation; 

(2.2) Upon topology changes update the cost; 

(2.3) Messages with errors or synchronization problems are discarded; 

(3) One round prior to extinction joins the faith about final state to the message; 

(4) Ending steps: 

(4.1) Set the power level according to the final state and update timers; 

(4.2) Select a parent: if ordinary node, select CH that minimizes the cost, if CH, select other CH if possible, 

otherwise choose an ordinary node as a gateway. 

 

D. Efficiency Evaluation: 

 To evaluate the efficiency of clustering using SG, it has been compared with the clustering process of 

HEED (Jordan, M.I., Y. Weiss, 2002), in a network model that uses gateway nodes to connect between the 

clusters, during the absence of direct communication between two nodes. In HEED, a node initially sets its 

probability to become the CH according to its remaining energy. During each increments, a node decide among 

the CHs announcements it has received to select the lowest cost CH. If it has not received any message, it 

chooses itself to become a CH with chance it has. If successful, it sends a message representing its eagerness to 

become CH. The node then doubles its probability, waits for a short iteration interval, and starts the subsequent 

increment. A node prevents this process one increment after its probability reaches the cost of 1. The life time of 

the network is extended by HEED which is clearly pictured by the results of simulation and in supporting 

scalable data aggregation. 

 

D1. Simulation Model and Network Efficiency: 

 Every plot was taken as an average of 27 different runs. In all the experiments,250 nodes including a single 

BS were run. The simulated time was 20000 seconds, to observe the network in a stable state until it collapses 

when the major of the nodes die. We adapted the transmission rate and the aggregation rate to the size of 

network, so the rate of transmission by the application was increased to 6144milliseconds. Every CHs that 

receives the packets aggregates them and transmit them every 1800 seconds. TOSSIM considers the rest of the 

parameters as defaults. We first study the network efficiency of the two algorithms, in terms of data packets 

acknowledged by the BS. Each node continuously broadcast data points to its CH which aggregates all the 

points into a single packet and forwards them toward the BS.As one can see in Figure 2, clustering with SG 

achieves more than 40%higher result than HEED, here the BS receives greater data points. This higher 

throughput is expressed by both data collection rate and time. The trend of the data rate during the network 

lifetime is shown in Figure 3.In Figure 3(a), Increased rate of data with time, both because the network becomes 

more stable and also because nodes start to die, so the network experiences less interferences. 
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Fig. 2: Data collection time. 

 
Fig. 3: Data collection rate during the network lifetime. 

 

 During the time 10000 the number of live nodes drops to about 150 nodes, but the network is still well 

connected and only the nodes’ redundancy is removed. The non-optimized routing of HEED can be shown by 

the average hop count of HEED, as presented in Figure 4 which is larger than SG. This means that the number 

of transmissions in the network adds up, so the number of hindrance and the packet fall  increases as well. Better 

deployment and network stability may be another reason for the advantage of SG over HEED. The estimated 

number of CHs in the system during each period of time is presented in Figure 5. Each period is about 540 

seconds, with a single periodic clustering process. The figure shows the state of network from the creation with 

250 nodes, until about 150 nodes are left out, at which point (in periods 11-13) nodes start to die. 

 

 
Fig. 4: Average hop count.    Fig. 5: Estimated number of CHs. 

 

 
Fig. 6: Triggered clustering process.   Fig. 7: Dropped packets. 

 

 At the beginning, SG has less CHs in the system which implies better aggregation, less transmission cost 

and interferences. Once nodes start to die, the number of CHs selected by SG in the system increases 

proportionally to the number of nodes that are alive and to the number of CHs which are selected by HEED. The 

increased number of CHs achieves better coverage and deployment and improves the network connectivity. The 

network with SG performs better even under changes in topology, so as a result, less clustering processes are 

performed and less route failures exist, as it shown in Figure 6 and Figure 7.Nonetheless, with the increase in 

exception, where the number of clustering processes that are triggered is quite similar, even during the periods 

when there are much fewer nodes alive. 

 

D2. Clustering Overhead: 

 Although SG and HEED have both a constant and consistent number of rounds in the clustering process, 

SG suffers from more overhead during the clustering process. This is because the messages of SG are larger 

than HEED. SG messages, at the extreme, might reach up to 74 Bytes (17 cost entries with identification of total 
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4 Bytes plus header of about 6 Bytes), while HEED message have size of 29Bytes at most. In fact, SG messages 

are usually not that long, and do not reach that limit, but still the messages are longer than HEED, so the 

transmission cost is higher. Figure 8 shows that at the start of the simulation, the overhead of SG is about double 

the overhead in HEED. Afterward, when the network becomes more steady, SG performs less re-clustering than 

HEED. HEED performs more because nodes die, so this difference significantly decreases. 

 
 

Fig. 8: Clustering process overhead.    Fig. 9: Network lifetime. 

 

D3. Energy Characteristics: 

 Network Lifetime SG achieves better network efficiency and reduces the cost of transmission. However, the 

duration of network is calculated by the number of alive nodes of SG and HEED are quite similar, with a 

marginally (very small) benefit of HEED, as presented in Figure 9. This emerges from the fact that the total 

number of packets that are forwarded in the network is significantly greater in SG than HEED. This implies a 

higher total transmission cost. 

 

 
Fig. 10: Energy information about the nodes in Bp. 

 

 SG pays for transmission of a single packet much less than HEED pays, as a result of the CHs’ choosing 

but over the network lifetime the overall transmission cost is similar. When measuring the network lifetime as 

the time that the network is available for providing services, we can see in Figure 3(b) that SG succeeds in 

achieving better efficiency than HEED, until very close to the end. We explore on the general concepts that arise 

from Figure 10 and not from the particular values, since the nodes start with a arbitrary preliminary energy, 

which definitely affects the network lifetime, even when power balancing takes place. As shown, both, nodes 

that are very close to the BS, with distance 1-1.5and more isolated nodes, with distance 2-2.5 (that start with 

uneven initial energy) have comparable existence. This means that the SG method thrives in achieving power-

balancing in the core of the network and it does not suffer from the hot-spot problem. It is interesting to see that 

more remote nodes (distance 3-3.5) not only start with significantly less remaining energy, but their duration is 

shorter. The motivation for the initial low energy is that nodes with low remaining energy usually would not be 

chosen as CH, and this means that their normal distance is larger because they are constantly connected to a CH 

one hop farther.  

 

Conclusion and Future Work: 

 This paper presents a novel allocated deduction scheme, based on SG, for efficient clustering in multi-hop 

WSN. This deduction scheme selects CHs that minimize the overall transmission cost and at the same time 

balance the power among the nodes, for a extension in network life. Use of all available information, is more 

optimal than current solutions, and leads to a significant improvement in the network efficiency. Using 

simulations, we show that the SG algorithm succeeds in improving the period of data transmission and its speed, 

so at the same network life as the HEED design, the overall throughput of SG is increased by more than 40%. 

The special attention to energy constrains and the fact that no assumptions were made regarding the network 

topology or size differ this framework from other schemes for WSN that are based on SG, and makes it more 
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practical and scalable to large networks with their dynamics. Comparing the SG algorithm with an optimal 

clustering algorithm and applying the methods in an allocated deduction to reduce the communication load, 

maybe a useful area for future work. 
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