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Abstract—Wireless sensor networks produce a large amount 
of data that needs to be processed, delivered, and assessed 
according to the application objectives. Cluster-based is an 
effective architecture for data-gathering in wireless sensor 
networks. Clustering provides an effective way for prolong-
ing the lifetime of a wireless sensor network. Current clus-
tering algorithms usually utilize two techniques, selecting 
cluster heads with more residual energy and rotating cluster 
heads periodically, in order to distribute the energy con-
sumption among nodes in each cluster and extend the net-
work lifetime. Clustering sensors are divided into groups, so 
that sensors will communicate information only to cluster 
heads and then the cluster heads will communicate the ag-
gregated information to the processing center, and this may 
save energy. In this paper we show Two Relay Sensor Algo-
rithm (TRSA), which divide wireless Sensor Network (WSN) 
into unequaled clusters, showing that it can effectively save 
power for maximizing the life time of the network. Simula-
tion results show that the proposed unequal clustering 
mechanism (TRSA) balances the energy consumption among 
all sensor nodes and achieves an obvious improvement on the 
network lifetime. 

Index Terms—Wireless Sensor Networks (WSN), Sensor ID, 
TRSA Algorithm, Hot Spots Problems. 

I. INTRODUCTION 

A wireless sensor network is a collection of sensor nodes 
interconnected by wireless communication channels. Each 
sensor node is a small device that can collect data from its 
surrounding area, carry out simple computations, and 
communicate with other sensors or with the base station 
(BS). Such networks have been realized due to recent ad-
vances in micro electromechanical (MEMs) systems and 
are expected to be widely used for more applications such 
as environment monitoring, home security, and earthquake 
warning [1]. Despite the infinite scopes of wireless sensor 
networks, they are limited by the node battery lifetime. 
Once they are deployed, the network can keep operating 
while the battery power is adequate. This is critical point to 
be considered as it is almost impossible to replace the node 
battery once deployed over an inaccessible area. A Wireless 
Sensor Network (WSN) is a special type of ad hoc network 
composed of a large number of nodes equipped with dif-
ferent sensor devices. This network is supported by tech-
nological advances in low power wireless communications 
along with silicon integration of various functionalities 
such as sensing, communication, and processing. WSNs are 

emerging as an important computer class based on a new 
computing platform and networking structure that will 
enable novel applications that are related to different areas 
such as environmental monitoring, industrial and manu-
facturing automation, health-care, and military. Commonly, 
wireless sensor networks have strong constraints regarding 
power resources and computational capacity. Topology 
discovery algorithm for wireless sensor networks finds a set 
of distinguished nodes to construct the approximate to-
pology of the network. The distinguished nodes reply to the 
topology discovery probes, thereby minimizing the com-
munication overhead. The algorithm forms a tree of clus-
ters, rooted at the monitoring node, which initiates the 
topology discovery process. This organization is used for 
efficient data dissemination and aggregation, duty cycle 
assignments and network state retrieval. The mechanisms 
are distributed, use only local information, and are highly 
scalable. The vision of ubiquitous computing is based on 
the idea that future computers will merge with their envi-
ronment until they become completely invisible to the user. 
Distributed wireless micro sensor networks are an impor-
tant component of this ubiquitous computing and small 
dimensions are a design goal for micro sensors. The energy 
supply for the sensors is a main constraint in the intended 
miniaturization process. It can be reduced only to a limited 
degree since energy density of conventional energy sources 
increases slowly. The abstract sensor is an interval of values 
that represents the observation provided by a concrete 
sensor. Finally, the reliable abstract sensor is the interval 
(or a set of intervals) that always contains the real value of 
the physical state variable[2]. 

Wireless distributed micro sensor systems enable 
fault-tolerant monitoring and control of a variety of appli-
cations. Due to the large number of Micro sensor nodes that 
may be deployed and the long required system lifetimes, 
replacing the battery is not an option. Sensor systems must 
utilize the least possible energy while operating over a wide 
range of scenarios. These include power-aware computa-
tion and communication component technology, 
low-energy signaling and networking, system partitioning 
considering computation and communication trade-offs, 
and a power-aware software infrastructure. In this paper we 
propose and evaluate a (TRSA) algorithm which will 
wisely organize the network into unequaled clustering 
depending on their unique ID's, where Clusters Head are 
selected competition which is unlike (LEACH) as in [3], 
and with no iteration which differs from (HEED) as in [4]. 
We put the smaller clusters closed to the Base Station (BS) , 
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thus they will consume lower energy, and distribute the 
bigger clusters far from B.S. to save C.H. power consump-
tion. The bigger clusters can use TRSA for routing infor-
mation between their CH and BS via the two relay sensors. 
The rest of the paper organized as follows: section II covers 
the cluster techniques in WSN. Section III shows the re-
lated work in this area. Section IV introduces the proposed 
algorithm (TRSA) and inter cluster multi hop routing pro-
tocol in detail. Section V analyzes (TRSA) algorithm and 
shows the simulation results. Finally, section VI concludes 
this paper with directed for future work. 

II. CLUSTERS IN SENSORS NETWORKS  

Wireless sensor networks pose many challenges, pri-
marily because the sensor nodes are resource constrained. 
Energy is constrained by the limited battery power in sensor 
nodes. The form factor is an important node design con-
sideration for easy operability and specified deployment of 
these nodes, which limit the resources in a node. The pro-
tocols and applications designed for sensor networks 
should be highly efficient and optimize the resources used. 
Topology discovery algorithm for sensor networks uses 
data dissemination and aggregation, duty-cycle assign-
ments and network-state retrieval. Network topology as 
shown in Fig. 1 with white empty node for Normal Sensor 
(NS), the black field node for Cluster Head, and the big 
node for the Base Station (BS) which are connected to the 
internet, provides information about the active nodes, their 
connectivity, and the reach ability map of the system. 

The topology discovery algorithm uses the wireless 
broadcast medium of communication. The nodes know 
about the existence of other nodes in their communication 
range by listening to the communication channel. The al-
gorithm finds a set of distinguished nodes, and by using 
their neighborhood information constructs the approximate 
topology of the network. Only distinguished nodes reply to 
the topology discovery probes, thereby  reducing the 
communication overhead of the process. These distin-
guished nodes form clusters comprising nodes in their 
neighborhood. As in Fig. 2 we have nine (9) unequaled 
clusters, the small size clusters are near to the Base Station 
(BS), and the big size ones are far from the base station. The 
Relay Sensors (RS) are in the two sides of the network 
field. The more suitable place for them is decided depend-
ing on equations 1 and2.  These clusters are arranged in a 
tree structure, rooted at the monitoring or the initiating 
node. The tree of clusters represents a logical organization 
of the nodes and provides a framework for managing sensor 
networks. 

Only local information between adjacent clusters flows 
from nodes in one cluster to nodes in a cluster at a different 
level in the tree of clusters. The clustering also provides a 
mechanism for assigning node duty cycles so that a mini-
mal set of nodes is active in maintaining the network con-
nectivity.  

The cluster heads incur only minimal overhead to set up 
the structure and maintain local information about its 
neighborhood. Reducing the power consumption of wire-
less micro sensor networks increases the network lifetime. 

III. RELATED WORK 

Many clustering algorithms have been proposed for 
wireless sensor networks in recent years. Important and  

 
Figure 1.  the architecture of WSN in which the sensor nodes are de-

ployed randomly into the interested area (Clusters) depending on their id . 

 
Figure 2.  unequaled clusters covered equaled area but the difference is 

in number of sensors in each cluster. 

most relevant papers [3-8] will be reviewed for conven-
ience. In LEACH [3], each node has a certain probability of 
becoming a cluster head per round, and the task of being a 
cluster head is rotated between nodes. In the data trans-
mission phase, each cluster head  sends an aggregated 
packet to the base station by single hop. In PEGASIS [6], 
further improvement on energy-conservation is suggested 
by connecting the sensors into a chain. To reduce the 
workload of cluster heads, a two-phase clustering (TPC) 
scheme for delay-adaptive data gathering is proposed. Each 
cluster member searches for a neighbor closer than the 
cluster head within the cluster to set up an energy-saving 
and delay-adaptive data relay link. HEED [4] extends 
LEACH by incorporating communication range limits and 
intra-cluster communication cost information. The initial 
probability for each node to become a tentative cluster head 
depends on its residual energy, and final heads are selected 
according to the cost. In the implementation of HEED [9], 
multihop routing is used when  cluster heads deliver the 
data to the data sink. The methods mentioned  above, re-
quire re-clustering after a period of time because of cluster 
heads’ higher workload. In [7], an unequal clustering model 
is first investigated to balance the energy  consumption of 
cluster heads in multihop wireless sensor networks. The 
work focuses on a  heterogeneous network where cluster 
heads (super nodes) are deterministically deployed at some 
pre computed locations, thus it’s easy to control the actual 
sizes of clusters. Through both theoretical and experimental 
analyses, it is shown that unequal clustering could be 
beneficial, especially for heavy traffic applications. A 
similar problem of unbalanced energy consumption among 
cluster heads also exists in single hop wireless sensor 
networks. Cluster heads far away from the base station have 
to transmit packets over longer distances than those of 
heads closer to the base station. As a result, they will con-
sume more energy. In EECS [8], a distance-based cluster 
formation method is proposed to produce clusters of un-
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equal size in single hop networks. A weighted function is 
introduced to let clusters farther away from the base station 
have smaller sizes, thus some energy could be preserved for 
long-distance data transmission to the base station. Many 
energy-aware multihop routing protocols have also been 
proposed for wireless sensor networks. According to dif-
ferent application requirements, those protocols have dif-
ferent goals and characteristics. In [10], the directed diffu-
sion data dissemination paradigm is proposed. It is based on 
data-centric routing where the data sink broadcasts the 
interest. When the sensor has data for the interest, it sends 
the data along the aggregation tree to the sink. In [11], 
Gradient-Based Routing (GBR) is proposed as a variant of 
directed diffusion.  

Three different data dissemination techniques (stochas-
tic, energybased, and stream-based schemes) are presented 
to obtain a uniform distribution of the traffic throughout the 
whole network. However, these multihop routing protocols 
may not be applied to applications that require continuous 
data delivery to the data sink. In [12], the authors investi-
gate an optimization problem of transmission range distri-
bution , i.e., whether nodes can vary their transmission 
range as a function of their distance to the data sink and 
optimally distribute their traffic so that network lifetime is 
maximized. Simulation results show that energy balance 
can only be achieved at the expense of using the energy 
resources of some nodes inefficiently. This work reveals 
the upper bound of the lifetime of a flat sensor network and 
gives some valuable guidelines for designing multihop 
routing protocols for wireless sensor networks.  

IV. TWO RELAY SENSOR ALGORITHM (TRSA) 

Each sensor in the network has a unique identification 
number ID, two bytes are used for making a unique identi-
fier. The first 10 bits (from 0 to 9) are used for cod-
ing(1024) sensors. So we can classify the network to 9 
unequal clusters depending on the no. of 1's in each code as 
shown in Fig. 3. The remind two bits (all zero and all one) 
can used as a relay sensors to conduct the information be-
tween the far cluster head (CH) and the base station (BS). 
The six remind bits (from bit no. 10 to bit no.15) could be 
used to control sensor working and help in power saving to 
extend the life of the Wireless Sensor Network(WSN) as 
shown in Fig. 4. 

TABLE I.   
UNEQUALED CLUSTERS 

Cluster Name No. of Nodes 
Cluster A 10 
Cluster B 45 
Cluster C 120 
Cluster D 210 
Cluster E 253 
Cluster F 210 
Cluster G 119 
Cluster H 45 
Cluster I 10 

Total 1022 

 
We assume that, the sensors are distributed according a 

homogeneous spatial Poisson process and hence, the 
number of sensors in a square area of side 2a is a Poisson 
random variable, N with mean λA. We assume that the 

Relay Sensors are located at the center of the square area. 
Thus, 

 

 
 

If the total energy spent by the clusterheads to commu-
nicate the aggregated information to the processing center 
is denoted by TE, then 

 

(2)                         npa
r

765.0
]nNTE[E   

 
Where "npa" is the total length of the segments from all 

CHs to the Relay Sensors. Since data from each sensor has 
to travel at least one hop, the minimum possible energy 
consumption in a network with n sensors is n , assuming 
each sensor transmits 1 unit of data and the cost of doing so 
is 1 unit of energy. 

In [13] EEUC, the cluster head (CH) chooses a relay node 
(RN) from its adjacent cluster heads according to the nodes 
residual energy and its distance to the base station (BS), 
and the algorithm in [13] is used for selecting the RN.  

 
Figure 3.  No. of sensor in each Cluster 

 
Figure 4.  dividing bits for control and addressing sensors 

In the proposed algorithm, the two sensors with ID all 
zero and all 1 are used as relay sensors which proves that 
two hop for base station is better than one hop. The pro-
posed algorithm is an improved version of that used in [14]. 
Table 1 shows the number of sensors in each cluster from 
cluster A to Cluster I, in [14], the authors have assumed that 
the sensors are equipped with the capability of tuning the 
power at which they transmit and they communicate with 
power enough to achieve acceptable signal-to-noise ratio at 
the receiver. Hereby, it is  assumed a network in which the 
sensors are very simple and all the sensors transmit at a 
fixed power level; data between two communicating sen-
sors not within each other’s radio range is forwarded by 
other sensors in the network. The authors, in [14], have 
observed in their simulation experiments that in a network 
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with one level of clustering, there is an optimal number of 
cluster heads that minimizes the energy used in the net-
work. In this paper, results provided in [13] are utilized to 
obtain the optimal number of cluster heads at each level of 
clustering analytically. 

As in [9], each sensor in the network becomes a cluster 
head (CH) with probability p and advertises itself as a 
cluster head to the sensors within its radio range. We call 
these cluster heads the volunteer cluster heads. This ad-
vertisement is forwarded to all the sensors that are no more 
than k hops away from the cluster head. Any sensor that 
receives such advertisements and is not itself a cluster head 
joins the cluster of the closest cluster head. Any sensor that 
is neither a cluster head nor has joined any cluster itself 
becomes a cluster head; we call these cluster heads the 
forced cluster heads. Because we have limited the adver-
tisement forwarding to k hops, if a sensor does not receive a 
CH advertisement within time duration t (where t units is 
the time required for data to reach the cluster head from any 
sensor k hops away) it can infer that it is not within k hops 
of any volunteer cluster head and hence become a forced 
cluster head. Moreover, since all the sensors within a clus-
ter are at most k hops away from the cluster-head, the 
cluster head can transmit the aggregated information to the 
processing center after every t units of time. This limit on 
the number of hops thus allows the cluster-heads to sched-
ule their transmissions. Note that this is a distributed algo-
rithm and does not demand clock synchronization between 
the sensors. As In [14] an Energy-Efficient Unequal Clus-
tering (EEUC) mechanism for periodical data gathering 
applications in wireless sensor networks. It wisely organ-
izes the network via unequal clustering and multihop 
routing. EEUC is a distributed competitive algorithm, 
where cluster heads are elected by localized competition, 
which is unlike LEACH [4], and with no iteration, which 
differs from HEED [4]. The  node’s competition range 
decreases as its distance to the base station decreasing. The 
result is that clusters closer to the base station are expected 
to have smaller cluster sizes, thus they will consume lower 
energy during the intra-cluster data processing, and can 
preserve some more energy for the inter-cluster relay traf-
fic. In the proposed multihop routing protocol for in-
ter-cluster communication, a cluster head chooses a relay 
node from its adjacent cluster heads according to the node’s 
residual  energy and its distance to the base station. Simu-
lation results show that EEUC successfully balances the 
energy consumption over the network, and achieves a re-
markable network lifetime improvement. 

V.  OPTIMAL PARAMETERS FOR THE ALGORITHM 

As in [16,17] it is assumed that: a WSN model has the 
following properties:1) The base station is located far away 
from the sensors. 2) The nodes have uniform initial energy 
allocation. 3) The nodes are equipped with power control 
capabilities 4) Each node senses the environment at a fixed 
rate and 5) All nodes immobile. 6) Each sensor uses 1 unit 
of energy to transmit or receive 1 unit of data.7) The 
communication environment is contention- and error-free; 
hence, sensors do not have to retransmit any data.8) A 
distance of d between any sensor and its cluster head is 
equivalent to d / rhops. 

As in [17] the saving in energy increases as the desity of 
sensors in the network increases.We use a simplified model 

shown in [9] for the radio hardware energy dissipation. 
Both the free space (d2 power loss) and the multi-path 
fading (d4 power loss) channel models are used in the 
model, depending on the distance between the transmitter 
and receiver. The energy spent for transmission of a l-bit 
packet over distance d is:  
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Where d, is the distance, l-bit packet, d2 for power loss in 

free space, d4 is power loss in the multi path fading, εfs 
energy in free space, εmp energy for multi path fading  and 
to receive this message, the radio expends energy is: 
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A sensor node also consumes EDA (nJ/bit/signal) amount 

of energy for data aggregation. It’s also assumed that the 
sensed information is highly correlated, thus the cluster 
head can always aggregate the data gathered from its 
members into a single length-fixed packet. As shown in fig. 
5 TRSA results is better than LEACH, HEED and EEUC in 
number of rounds and number of a live sensors. 

VI. CONCLUSIONS AND FUTURE WORK 

In this paper, we have assumed that the communication 
environment is contention and error free. Simulation re-
sults show that our unequal clustering mechanism (TRSA) 
clearly improves the network lifetime over LEACH , 
HEED and EEUC. Clusters closer to the base station have 
smaller sizes than those farther away from the base station, 
thus cluster heads closer to the base station can preserve 
some energy for the purpose of inter-cluster data for-
warding. 

 
Figure 5.  The number of alive sensor nodes over time 
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