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    Abstract- Wireless Sensor Networks (WSNs) plays a vital role 

in different structured applications such as health scrutinizing, 

ecological observing in industries, farms, colonized areas and so 

on. Wireless sensor networks (WSN) engage numerous sensor 

nodes for data transmission with inadequate power. Due to lower 

cost property of wireless sensors, the degree of usability is also 

large in vast applications. Sensor networks are group of sensor 

nodes which forward sensed data to base station responsively. As 

sensor nodes are supported by battery, a proper utilization of 

energy is crucial to use networks for prolong lifetime. Hence, the 

challenge lies in reduce the sensor network traffic, collision 

found inside the network, and reduce degree of data that need to 

send to base station. The main objective of data aggregation 

algorithms is to collect and aggregate data in a proficient way so 

that network lifetime is enhanced. Most preferred manner to 

extend lifetime, reduce time and cost during data transmission 

enhances the WSN. One such technique is data aggregation, a 

more interesting approach for data collecting in shared 

environment and active access through wireless connectivity. 

    The issue in data Aggregation is about the avoidance of 

several difficulties in terms of resource utilization, energy 

consumption, network lifetime, time utilized and cost required. 

The main problem in sensor network faces link failures and node 

collapses causing system failures intentionally. The principle 

objective of ant and fuzzy clustering based data aggregation 

research is not just to point out the fact about network risks keep 

on rising every day, but rather to defeat problems arising, just as 

any other system property. Extended Network lifetime should be 

tackled during data transmission with minimum cost and time 

through clustering techniques based data aggregation. This 

survey planned to concentrate on various data aggregation based 

clustering techniques in WSN, more specifically on ant and fuzzy 

clustering as a system property. A parametric comparison of 

these data aggregation techniques is also tabulated along with 

their advantages and issues. 

 

I. INTRODUCTION 

lustering based data aggregation in the recent research 

becomes an essential and recognized concern for WSN. The 

earlier stages of research involved large demerit in the capacity 

of node, also time needed for network processing is also high on 

wireless distributed systems. Researchers believe that in order to 

prolong network lifetime, a more concentration is required on the 

detection of node failures and link breakdown. Relevant to other 

clustering system and quality entity, node cooperation still needs 

more focus during data aggregation. However, network 

functionality with sensor nodes still faces disconnection during 

data transmission. The huge time taken and expensive node 

usage, results in complexity as well as frequent unsuccessful 

network concerns, similar to other failure general purpose 

methods.  Therefore, numerous exclusive and ensuing techniques 

to clustering based data aggregation techniques are recently 

proposed.  

    In the following survey intends in examining a variety of 

clustering techniques or methods for data aggregation in WSN 

more specifically regarding ant and fuzzy clustering. For the 

purposes of this survey, depict data aggregation clustering into 

three more convenient phases, such as general clustering 

technique in data aggregation along with analysis, ant clustering 

in data aggregation and finally fuzzy clustering in data 

aggregation of WSN. The review is more about evaluation 

agenda in clustering nodes that focus on each phase. The 

evaluation outline includes different issues and response 

conditions devised in order to explore operational functions of 

existing approaches in data aggregation based clustering and 

their respective needs in terms of energy conservation, network 

lifetime, packet delivery ratio, latency and various other 

parameters. 

    In this survey work, more application specific sensor network 

data gathering protocols, ant and fuzzy clustering techniques are 

discussed. The investigation is commonly on network lifetime 

issues in wireless sensor networks and made extensive ideas to 

categorize available data clustering techniques. More focus is 

made on three main issues, which are network lifetime, time and 

computational cost. This study denotes an exhibition of ant and 

fuzzy clustering based data aggregation model with respective 

concepts and issues targeting the sensor network. 

 

    The objectives of the survey is as follows  

1) Spot the insufficiency or lack along with benefits of current 

clustering techniques and data aggregation approaches.  

2) Exploit the outcomes from present techniques to decide 

existing desires of clustering based data aggregation.  

3) Verify whether certain techniques are valuable enough for 

data aggregation and by this mean value further investigate 

the design presented in the existing models. 

4) If no such technique is found valuable enough, the survey 

outline the foundation of the development of new fusion of 

clustering techniques with main objective to maximize the 

advantages and minimize the insufficiency found in existing 

techniques. More particularly in energy consumption, 

network lifetime, packet delivery ratio, latency and various 

other parameters.  

C 
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    Along with the objective for survey, a variety of principal 

expectation is set to anticipate survey to be more precious. The 

purpose of the survey is to outline the clustering techniques and 

data aggregation methods appropriate for application of technical 

principles. In addition, certain approach for developing, 

communicating, and managing sensor node in network. 

Generally, network lifetime and node cooperation through 

clustering is highlighted at various stages, more specifically the 

ant and fuzzy clustering is highly important. 

 

II. CLUSTERING BASED DATA AGGREGATION METHODS 

IN WSN 

    A WSN is an arrangement of large range of sensor nodes. In 

WSN, Sensor nodes are closely deployed. Normally sensor nodes 

are tiny as well as these tools are inadequate in energy 

computation capacities, storage, and probably pose global 

identification. Wireless sensor networks merge with hundreds to 

thousands of sensor nodes that gather information from a 

neglected position and transmit the gathered data to a particular 

user, as per constraint of application. In Wireless Sensor 

Network each individual sensor node is capable to sense in 

different approach but comprise restricted signal processing and 

communication potential. 

    Sensor nodes transmit the data to the base station. Since 

sensors are energy constrained, the challenge lies in transmitting 

data for all sensors directly to the base station protectively. Data 

generated from adjacent sensors is frequently unnecessary and 

highly interrelated. Moreover, the sum of data generated in large 

sensor networks is often enormous for the base station for 

handling. So data aggregation intends in collection of only most 

important data from the sensors and also make accessible to the 

sink in an energy efficient manner balancing minimum data 

latency. The principle objective of data aggregation is to merge 

the received data from various sensor nodes route and avoids 

redundancy as well as reduces the amount of transmissions, thus 

saving energy. With data aggregation, the strength and 

correctness of data obtained by entire network is enhanced. 

Additionally reduce the traffic load and conserves energy of the 

sensors in the network. Various data aggregation approaches in 

WSN are elaborated below 

A. Structure Free Data Aggregation 

    In structure-free approaches the data aggregation is possible 

with the establishment of local information. The major advantage 

of structure-free data aggregation is no more additional energy is 

required to build any structure. Hence, probability of energy 

consumption is high. In structure-free data aggregations there is 

no preferred data gathering framework, each node along with 

incident data to proof sends any request initially for evaluating 

the next hop to the sink. Any node which receives this request is 

a next hop holder. 

    Data aggregation protocols more focused on tree-based or 

cluster-based structured approaches as presented in [1] 

minimizes the communication cost, thereby extending the 

lifetime of sensor networks. An adaptive energy aware 

aggregation tree for wireless sensor networks is proposed in [2] 

with highest energy available and is selected as the parent node 

for aggregation. Although structured approaches are appropriate 

for data gathering applications, they gain high maintenance 

overhead in dynamic cases for event-based applications.  

B. Structured Data Aggregation 

    Structured data aggregation is a kind of aggregation in which 

the network evolves specific structure. Structure based data 

aggregation is further categorized into four types namely cluster 

based, flat network based, tree based and grid based. Structured 

aggregation as the leading data gathering approach in WSNs 

suffers from high level maintenance overhead in dynamic states 

for event-based applications. The types of structured data 

aggregation are detailed below. 

C. Cluster Based Data Aggregation 

    In cluster-based data aggregation protocols, sensor nodes are 

further classified into small groups termed clusters. The group 

formation holds a cluster head in each cluster. The cluster head is 

selected in order to aggregate data nearby and transmit the 

aggregation output to base station. The cluster head interacts with 

the sink node straightforwardly with the facility of extended 

range of radio transmission. On the other hand, this is moderately 

unproductive for energy controlled sensor nodes. Hence, cluster 

heads generally form a tree structure to send aggregated data. 

    The main advantage of hierarchical or cluster based routing is 

the scalability and efficient communications. More researcher 

choice for data aggregation is cluster techniques due to its 

advantage. However, the cluster technique faces a load balancing 

problem. A detailed cluster based data aggregation techniques 

are discussed further, in order to pinpoint the merits and 

demerits. 

III. ANALYSIS OF RECENT TRENDS IN CLUSTERING BASED 

DATA AGGREGATION FOR WSN 

    Communication among sensors conserves a huge amount of 

energy and thus the sum of data transmission should be reduced 

in order to improve the lifetime of the sensors as well as 

successful bandwidth utilization. Hence, data aggregation 

process as elaborated in [3] is required in order to avoid 

redundancies in the received from various sensors. Similarly, an 

algorithm related to data aggregation in WSN is discussed in [4] 

detecting network utility maximization problem. Moreover, 

distributed energy efficient algorithms called AEEDPSH and 

ADLBPSH are presented in [5] based on the distance measured 

from the base station, sensor residual energy also arranging of 

sensor nodes to swap between sleep and active mode. 

Surveillance of various research papers for clustering based data 

aggregation techniques in WSN are detailed below: 

A. Clustering Techniques in Data Aggregation 

    In cluster based data aggregation all regular sensors are able to 

forward a data packet to cluster head (CH) that aggregates data 

packet from all the usual sensors of its cluster and sends the 

important data to the base station. The cluster based networks for 

data aggregation saves the energy of the sensors. A critical 

survey and overview on secure data aggregation and clustering in 

wireless sensor networks are briefed in [6] and [7]. This survey 

encloses clustering based data aggregation techniques in order to 

increase the energy, thus extending network lifetime. The 

lifetime of the WSN is significantly increased on adopting 
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aggregation techniques. At the time of aggregation the amount of 

transmission are minimized by merging the similar data from the 

neighboring areas. With the facility of clustering technique and 

aggregating the correlated data, energy is greatly minimized in 

gathering and broadcasting the data. An energy efficient cluster 

based aggregation protocol (EECAP) for WSN is presented in [8] 

focusing mainly on aggregation protocol with divergent sink 

placements. The arrangements of sink like middle of the sensing 

field, border of the sensing field or at a location selected 

arbitrarily in the sensor field decides the system performances. 

    EECAP provides better performance than LEACH as security 

is a concern. An enhancement of LEACH called secLEACH is 

proposed in [9] that maintain the structure of the original 

LEACH, as well as ability to perform data aggregation. In 

addition to EECAP, an Energy Efficient Clustering and Data 

Aggregation (EECDA) protocol for the heterogeneous WSNs is 

proposed in [10] which merge the concepts of energy efficient 

cluster based routing and data aggregation to achieve a better 

performance in terms of lifetime and stability. 

    Moreover, the challenging task in clustering based data 

aggregation is the election of cluster head (CH). The cluster head 

selection decides the sensor coverage range preservation in 

WSN. Cluster-Based Network Organization in [11] is based on a 

location of coverage-aware cost metrics that support nodes 

deployed in closely occupied network areas as better candidates 

for cluster head nodes, active sensor nodes and routers. 

Additionally, Adaptive Decentralized Re-Clustering Protocol 

(ADRP) for Wireless Sensor Networks in [12] also elects the CH 

and next heads based on residual energy of each node and the 

average energy of each cluster. However, ADRP with coverage-

aware cost metrics increases coverage-time over the monitored 

area. 

    Moreover, Cluster-Based Network Organization [11] and 

ADRP [12] struggles in balancing the load. Therefore, the load 

balancing drawback is overcome in [13] location based clustering 

protocol guaranteeing balanced size cluster formation and 

balanced dissipation of node energy. Thus manages the load on 

the sensor nodes. The cluster head rotation protocol achieved 

balanced energy consumption among the nodes within the cluster 

thus prolonging the network lifetime. 

    Even though above data aggregation based clustering 

techniques are able to provide scalability, energy conservation 

and network lifetime, the single CH is more complex to manage 

the nodes even with better election process. Therefore, a novel 

technique is in need with a substitute for main CH in order to 

preserve sensor nodes. 

B. Ant Clustering in Data Aggregation 

    Ant-colony algorithm to clustering mechanism selects the best 

path from cluster head to base station. The aggregation behavior 

of ant in communication with sensor nodes is discussed in [14] 

which spots the movement of an ant governed by the amount of 

pheromone deposited at different location of the search position. 

    More ant-colony based clustering approaches are handles in 

the recent years of research for improving the network lifetime, 

stability and energy conservation. One such method is ant colony 

optimization algorithm (ACO) in [15] namely the ACO-MSS to 

solve the problem of examining the optimal movements of the 

mobile sink to maximize the network lifetime. The proposed 

ACO-MSS takes favor of the large-scale finding capacity of 

ACO and incorporates successful heuristic information to search 

a near globally optimal solution. Multiple useful aspects such as 

the prohibited areas and the maximum moving space of the sink 

are considered to aid the real applications. 

    In addition to ACO-MSS, another clustering technique like an 

improved plain-based ant colony routing algorithm called IP-

ACRA presented which optimizes the initial pheromone 

distribution. The IP-ACRA is modified to clustering-based 

routing algorithm termed IC-ACRA in [16]. The IP-ACRA 

intends at gathering the algorithm union velocity and maximizes 

the probability of determining the optimal path. Based on the IP-

ACRA, IC-ACRA is applicable to a large scale network which is 

a drawback in ACO-MMS. Furthermore, a mathematical 

performance analysis between IP-ACRA and classic ant colony 

routing algorithm is determined to improve the network lifetime. 

    The ant-colony based clustering technique in IP-ACRA faces 

an issue in providing QoS for wireless sensor network. This 

limitation is overcome with the development of routing scheme 

in [17] called ant-based clustered multi-path QoS routing 

(ACMQ). ACMQ intends at irregular clustering, sensor nodes 

struggle in cluster heads (CHs) using both the energy 

heterogeneity of adjacent sensors and the numerous cluster radius 

differing with their location from the Sink. Additionally, ACMQ 

adopts the M/M/1 queuing model to determine the numerical 

buffer memory. Also, the moving character of ant is proposed to 

build multi-path routing table in taking into account the buffer 

memory, the residual energy and the geographic location of relay 

CHs. Additionally, the similar Ant-based Clustered Multi-path is 

followed in [18], based on clustering and ant colony optimization 

for wireless sensor networks. A multipath routing protocol 

(MRP) based on dynamic clustering and ant colony optimization 

(ACO) is proposed to extend the network lifetime as in previous 

techniques. But both the techniques need an extra attention on 

bandwidth utilization. 

    Additionally, an algorithm for gathering sensor reading based 

on chain forming using Ant Colony Optimization (ACO) 

technique is presented in [19] in order to provide prolonged 

network lifetime. The ACO offers the shortest network nodes 

chaining instead of initiating from the extreme node and using 

Greedy algorithm. The head functions duration is defined for 

each node based on its required energy to perform the certain 

role in the recognized chain. 

    The role based activity restricts fast node’s energy reduction 

and thus extends network lifetime. However, the impact of data 

correlation on the network performance for this routing protocol 

still needs an additional focus, as role based activity traces single 

target. The problem of single target tracking in controlled 

mobility sensor networks is addressed in [20].  

    The proposed approach comprise of migrating the mobile 

nodes in order to envelop nodes in a finest way. Thus describes a 

plan for electing the set of new sensors position. Each node is 

then allocated in one position within the set in the way to reduce 

the total migrated distance by the nodes. All the above ant-

colony clustering technique concentrates on shortest path 

selection facilitating the process of packet transmission. But the 

ant clustering techniques is possible enhanced on fusion with 

other clustering techniques. 
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C. Fuzzy Clustering in Data Aggregation 

    Minimizing energy consumption and extending network 

lifetime are always been a challenging task in sensor networks. 

Most of the energy conservation during data transmission is due 

to the long distance of nodes from base station. Recent years 

researches regarding fuzzy clustering are a proficient manner of 

minimizing energy conservation and prolonging network lifetime 

of WSN. The fuzzy based clustering improves the network 

lifetime with better cluster head selection strategy.  The three 

robust parameters like lifetime enhancement, energy 

consumption, transmission time and computational cost plays 

important role in deciding the performance of WSN. Fuzzy 

system selects the cluster head based on certain constraints like 

node density, residual energy and so on. 

    A cluster head selection strategy embedded with the traditional 

Fuzzy c-means algorithm is proposed in [21] with minimum 

distance and maximum residual energy criteria satisfied. The 

approach focus on residual energy of a node resulting in 

extended network lifetime. In Leach algorithm there is a straight 

interaction between cluster head with all other nodes in the 

cluster. But sometimes is not realistic if the cluster size is large. 

Similarly, a generalized fuzzy logic based approach is proposed 

in [22] for energy-aware routing in wireless sensor networks. 

This generalized approach is elastic, flexible and tunable. Hence 

the approach contains sensor networks with different kinds of 

sensor nodes holding different energy metrics. 

    The fuzzy sets not only prolongs the network lifetime also 

extends the sensor coverage of the network as in [23]. The 

approach determined the adjacent nodes distance measures of 

each sensor nodes to facilitate the data transmission. Based on 

the priority, nodes move from each other to increase the coverage 

area in the target field.  In order to improve the energy efficiency 

and achieve the network load balance, an unequal clustering 

scheme based on fuzzy logic is presented in [24]. Local data of 

unsure cluster heads including residual energy, space to base 

station and local density were taken into account for the purpose 

of cluster construction. The CH possibility to final decision 

making in CH used adaptive max-min ACO to find optimal path 

between cluster head and base station. 

    Total lifetime is an important concern, which is straight 

associated to the energy. An energy efficient dynamic clustering 

protocol is proposed in [25] for WSN, which uses fuzzy logic to 

select the cluster heads. Here, the cluster head selection is 

centralized, but the data collection is shared. In contrast to 

LEACH, this approach is able to extend the sensor network 

lifetime and also attains the best number of clusters in every 

round. This algorithm is standard and holds less computational 

load for larger WSN but fails in achieving the QoS. The problem 

of evaluating the comparison of two sets of linguistic summaries 

of sensor data is discussed in [26]. The fuzzy measure similarity 

itself could be used openly, but since the beginning locate 

similarity hold a function of a level cut, an aggregation operator 

is also adopted. 

    The dynamic clustering protocol faces clustering problem and 

the node localization difficulties. An efficient algorithm termed 

fuzzy logic based energy efficient hierarchical clustering in [27] 

is proposed to solve the clustering problem and node localization. 

The algorithms evolve cluster construction and well-organized 

data transfer. Moreover, only few cluster head based techniques 

minimizes the resource utilization. Clustering is renowned 

technique for attaining high scalability and well-organized 

resource allocation in WSN. A Fuzzy c-Means (FCM) clustering 

approach is proposed in [28] to determine the optimal number of 

clusters in WSN. Energy reduction analysis for sensor network 

denoted that the stability region holds advanced for finest 

selection of number of clusters. 

    Although, the fuzzy clustering techniques provides a better 

optimal solution in the determination of shortest path with the 

extended lifetime and energy utilization, an efficient technique is 

still required to offer prolonged lifetime, as single cluster heads 

struggles in the process of data transmission. 

 

IV. PARAMETRIC EVALUATIONS 

    A survey of total 12 approaches is specifically elaborated 

below in table with distinct demerits in order to address network 

energy utilization, node cooperation, lifetime of network, 

latency, packet delivery ratio, and so on based on data 

aggregation and clustering techniques. Based on the results of the 

survey, a variety of observations and propose recommendations 

are provided for improving data aggregation in WSN. A table 

below depicts the parametric evaluations of the various 

approaches. 

    The aggregation protocol in EECAP [8] placement the sink at 

the middle, border or at a location selected arbitrarily in the 

sensor field making node alive. However, the stability of the 

node is better during the initial operations of the sensor networks 

and falls down gradually in final stages of packet transmission. 

Even though secLEACH [9] withstands the ability of data 

aggregation, the sensor node cooperation in the network is 

unnoticed, moving to and fro in search of neighboring areas 

sensing field. 

    Similar to EECAP, EECDA protocol in [10] incorporates 

cluster head election technique and selected path with maximum 

sum of energy residues for data transmission instead of the path 

with minimum energy consumption. Therefore, selection and 

calculation regarding sum of energy residues takes high 

computational time. 

    Since the cluster head selection is a major issue in the 

clustering based data aggregation techniques. Cluster-Based 

Network Organization in [11] concentrated on CH election but 

needs a few more attention on load balancing. 

    More particularly, the ant-colony based clustering techniques 

in data aggregation are focused. The ant colony optimization 

algorithm (ACO) in [15] namely the ACO-MSS solved optimal 

movement problem to maximize the network lifetime. But the 

issues lies in managing the large scale and also faces link 

failures. 

    Even though the limitation of ACO-MSS is resolved in 

clustering-based routing algorithm IC-ACRA [16], the network 

traffic occurrence is unnoticed during the transmission and needs 

an extra care on increasing QoS. In addition to ant-colony based 

clustering technique related approach in Ant-Based Clustered 

Multi-Path QoS Routing (ACMQ) [17] distributed traffic load 

among multiple paths. 

    In addition to ant-colony optimization based clustering 

technique; fuzzy clustering techniques are also considered. 

Moreover, as fuzzy approach is flexible, elastic and easily tuned 
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for different network and node criteria basically by altering 

shapes of the fuzzy sets as in [22]. The generalized approach in 

[22] faces a high computational cost due to the evaluation of 

fuzzy sets shapes in each condition. 

 

Table I: Performance Metric Evaluation on Clustering Based 

Data Aggregation Techniques in WSN 
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Energy Efficient Cluster Based Aggregation Protocol 

(EECAP) 

Y   Y   Y    Y  

Cluster-Based Network Organization 

  Y  Y   Y    Y 

Security of Clustered Sensor Networks (secLEACH) 

 Y  Y   Y    Y  

Energy Efficient Clustering and Data Aggregation (EECDA) 

Y   Y     Y Y   

Ant Colony Optimization Algorithm (ACO-MSS) 

 Y    Y   Y Y   

Controlled Mobility Sensor Networks for Target Tracking 

Using ACO 

 Y    Y     Y  

Clustering-Based Routing Algorithm termed IC-ACRA 

Y     Y  Y     

Ant-Based Clustered Multi-Path QoS Routing (ACMQ) 

 Y   Y    Y  Y  

A generalized Fuzzy logic based approach 

 Y Y  Y      Y  

Unequal Clustering Algorithm for WSN based on Fuzzy logic 

and improved ACO 

 Y  Y  Y       

Fuzzy Logic Based Energy Efficient Hierarchical Clustering 

   Y   Y  Y  Y  

Fuzzy Based Clustering Protocol 

  Y  Y  Y  Y   Y 

     The unequal clustering algorithm in [24] to determine the 

shortest path between CH and base station which provides lower 

communication cost. Still the unequal clustering algorithm fails 

in considering the main parameters like the maximum local 

density and the biggest competence radius in the process of inter-

cluster routing. An energy efficient dynamic clustering protocol 

as in [25] for WSN selects the cluster head using fuzzy logic. 

The cluster head selection is centralized, but the data collection is 

shared. Even though, the algorithm involves less computational 

load, the QoS is left unnoticed during data transmission. 

    The same problem arises in fuzzy logic based energy efficient 

hierarchical clustering [27] for the more complex dynamic and 

distributed networks. The potential network generation is more 

complex. Therefore, novel technique challenges of the network 

are required in order to ensure service quality, network lifetime, 

time and computational cost. 

 

V. CONCLUSION 

A systematic review on clustering based data aggregation 

methods concludes the pros and cons of the existing approaches. 

Discussions regarding current trends in clustering techniques of 

data aggregation for WSN, more specifically the ant-colony and 

fuzzy clustering define the demands of network lifetime, energy 

consumption, transmission time and computational cost essential 

of a network. The parametric evaluation provides overall 

clustering based techniques and data aggregation performance. 

This survey motivation helps in the election of proper efficient 

approach. The survey offers the researchers not only with reasons 

to the responses given to each issue, but also a comparison from 

different features of all approaches surveyed. 

 

The facts collected from the review and the data gathered from 

studies motivated further investigation on usefulness of 

developing novel WSN with prolonged lifetime, lower time and 

less computation cost. 

A. Future Direction 

    Survey conveys the uncovered aspects of different areas in 

clustering based data aggregation techniques of WSN with lack 

of support. The future directions provides a way to better 

performance in upcoming novel techniques considering the 

above limitations 

1) An extra attention is required more specifically in the parts 

of cluster head election, network lifetime, transmission time 

and computational cost.  

2) A novel technique is in need to increase the lifetime of the 

nodes due to maximum number of node and link failures.  

3) Moreover, the proposed techniques should provide a double 

cluster heads as a substitute of main CH, in order to reduce 

the load of CH. 

4) A novel technique with the adoption of ACO, is able to 

minimize the time and cost involved in collecting the local 

information. 

 

     Above areas of need become part of future work. On fulfilling 

the above needs, ant and fuzzy clustering based data aggregation 

techniques is able to achieve better network lifetime as well as 

minimized time and cost during information gathering for a 

complete wireless sensor network. 
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