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Abstract: The research of topology control could effectively save energy and increase
the service life of network based on wireless sensor. In this paper, a arithmetic called
LTHC (link transmit hybrid clustering) based on link transmit is proposed. It
decreases expenditure of energy by changing the way of cluster-node’s
communication. The idea is to establish a link between cluster and SINK node when
the cluster is formed, and link-node must be non-cluster. Through the link , cluster
sends information to SINK nodes. For the sake of achieving the uniform distribution
of energy on the network, prolongate the network survival time, and improve the
purpose of communication , the communication will cut down much more expenditure
of energy for cluster which away from SINK node. In the two aspects of improving
the traffic and network survival time, we find that the LTCH is far superior to the
traditional LEACH by experiments.

1. Introduction

In recent years, a number of clustering protocols for network based on wireless sensor have been
raised, and these representative algorithms include LEACH(low energy adaptive clustering hierarchy )
) adaptive clustering topology algorithm, proposed by Heinzelman et al. LEACH algorithm cannot
calculate the dump energy of nodes, and there is a phenomenon of uneven distribution of cluster heads
in network partition, so it is not fit for massive wireless sensor networks. On this basis, for the sake of
solving the problem of uneven distribution of LEACH cluster heads, Younis and others invented a
algorithm called HEED (hybrid energy-efficient distributed clustering). The characteristic of this
method is to balance the dump energy of the node and the communication cost of setting up the cluster
head node. Because it requires several message iterations in the implementation process and the value
of the worst message complexity is O(N), the N is the number of nodes in circumstance, the algorithm
will sacrifices a certain amount of communication overhead. Then, researchers have proposed three
layer clustering algorithm, such as DAEA (data aggregation-exact and approximate) '*). It will cluster
the whole network, first select cluster heads, and then select second layers of cluster heads from
cluster head nodes. Data are transmitted to the base stations by second layers of cluster heads. So
implementation of this algorithm is complex and leads to certain delays. The EEMC (energy-efficient
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multi-level clustering) algorithm” proposed by YAN et al is a multi-layer clustering algorithm. It
builds N layer clusters recursively, and the cluster heads in i layer are the members of i+1 cluster. The
flow of data is like this. The data is delivered from the non-cluster head sensor node to the first layer
of cluster head, and then from the first layer of cluster head to second layer cluster head, and so on.
Because the algorithm has many layers and requires higher time synchronization, the clustering
process is more complex and the clustering’s expenditure of energy is larger. In document [4] and [10],
a heterogeneous clustering algorithm is proposed, which constructs clusters according to the distance
of nodes from SINK nodes. By constructing clusters of different sizes, it solves the problem of "hot
zone" in the case of multi-hop communication, and reduces the number of clusters nearby the base
station and increases the number of clusters relatively distant from the base station, so as to ensure that
cluster heads nearby base station possess enough energy to provide other cluster heads for their
forwarding data. Ultimately it achieves the purpose of balancing cluster head energy consumption.

On the basis of previous research results, a hybrid clustering topology control algorithm called
LTHC (link transmit hybrid clustering) based on link forwarding is proposed. LTHC algorithm is an
improvement to the algorithms in document [4] and [10]. The main principle of the algorithm is that
first, the sensor network is decomposed into many clusters. Every one cluster contains a head node and
multiple member nodes. The role of members is to deliver information to cluster heads. Secondly, a
number of nodes are selected as relay nodes in these non-cluster head nodes, which is used to transmit
data to the base station. In this way, it establishes a forwarding link between cluster head and base
station, and the cluster heads will relay the information to base station through this lowest energy
expenditure path. In this paper, the proposed method uses a non-cluster head node with less energy
consumption as a forwarding node, which effectively lightens the "hot zone" problem, and balances
expenditure of energy, and ultimately improves the network survival time. It is different from the
method of transmitting node through cluster head node in document [4] and [10].

2. Problem Description

2.1 network model
Just like methods in document [3][4][5][6], we need to construct a network model before proposing
LTHC algorithm. Therefore, we propose several hypotheses, such as the network based on wireless
sensor with N nodes, the node distribution is approximated by a square with a length of M, and there is
a base station SB (SINK node) outside the network. This model has some following attributes:
(1) Nodes and base stations are no longer moved after deployment;
(2) Each node is determined by a unique ID, its function is used to perform data fusion, and all nodes
are isomorphic;
(3) The node can accommodate the transmitted capacity factor according to the need of
communication;
(4) The network response is periodically sampled and transmitted to the data;
(5) Calculating the range between nodes based on the intensity of the transmitted and received
signals.

2.2 wireless communication model
In this article, the expenditure model of energy of wireless communication is the same as that of
document [2]:
1£,,., + Igf‘sdz’ d <d, @)
IE,,., +le,d’, d > d,

The energy consumed by the transmission of /-bit data to a distance of d is expressed as £, (7, d),

E,(1,d) =

elec

and the loss energy of the transmitting unit data on the circuit is expressed as £~

elec*

The ¢, and ¢,

represent the expenditure of energy by the signal amplification gain. The dis the threshold of a

communication distance. When the communication distance is less than the threshold, the energy
needed to transmit the signal is proportional to the square of the distance, and it is proportional to the 4
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square of the distance when the distance is greater than the threshold. The node receives data also need
to consume energy, the nodes’ expenditure model of energy receives data is shown in the formula @):
E}?(I’ d) = IEejec @
The reference value of each parameter is'>":
E e =50nJ/bit, E 5 =5nl/bit, &, 15pI/bitm’, &,,=0.0015p)/bit/m*y,=87m @

Document [9] demonstrates the energy saving of multi-hop transmission of data during long
distance communication between nodes. All of these are shown in Figure 1 below:

w
.
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Fig.1 Expenditure of energy analysis model of multi-hop communication

There are three sensor nodes in round C: u, v and w. It is easy to get by geometric knowledge:
d*-d*+d3-2d%d3cos A > 1t 18 obvious that 42 42+ 42 because of 180°>A>9¢° and «s2<0. The total energy

consumption of communication when the node u transmits /-bit data to the node v can be calculated
by using formula @ and @. The total expenditure of energy of communication is the sum of
emission consumption of node u and reception consumption of node v. As follows:

E = £, +£,

totall

. 21E,,, + le,d’,d < d,
Therefore: Bty = ZZEJ N ]gf sy @
fs b c

elec

Similarly, it can be calculated that the total energy consumption is £, .., ,» when the node u first

sends [-bit data to the node w, and then forwards it to the node v by w.
4E e+ 1e (di+d?) ¢ di<d. da2<d.
4E cfoclempdi+d?) = di>d. dr>d,

®

Etotan2=

(1) when d < dc, it is obtained by formula 3 and @), and formula &) and ® respectively:

Erotann =1 *2x50x107°+] +10x10"'2+ 4? ®

Eroan=1 *4x50x107°+1 *10x10"12+(a?+d?) @

It is obvious that g, <E,., because of 42<87°=7569 and s2:43<4< 7560 . Therefore, when the

threshold dc is greater than the distance between the nodes, the energy required for multi-hop
communication is higher than the energy required for single hop communication.
(2) when d > dc, it is obtained by formula 3 and @, and formula &) and & respectively:

Eroi=1 *2x50x10°+1 *13x10 6o g*

Eroraz=1 *45040°+] #1340 % i +d5) ©

It is obvious that g, > £,.. because of d* > d*=87'=5.73x10"andd’ > d! + d?. Therefore,
the energy required for multi-hop communication is far less than that for single-hop communication
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when the interval between nodes is higher than the threshold dc. The farther the communication
distance is, the more energy is saved by multi-hop than single-hop. So in the actual communication
process, we usually choose the corresponding communication mode according to the distance between
nodes, including single-hop and multi-hop.

3. Summary

In terms of the two indicators of the amount of communication and the time of life, we can infer
that the performance of LTCH algorithm is much better than that belongs to LEACH algorithm
through the experiment, but the implementation of LTCH algorithm is also relatively complex. LTCH
algorithm needs to take account of the network size and density, and other network environments, such
as the interval between the network and SINK nodes. If the network is too dense, the number of
candidate forwarding nodes may be excessive in the process of link establishment, resulting in energy
consumption, but if the network is too sparse, it may lead to failure to establish the link. Therefore,
only when the network environment is clear, the cluster head forward link can determine the
appropriate parameters in the establishment process and establish a reasonable forwarding link. This
paper discusses the influence of different parameter values on the performance of LTCH algorithm in a
given network environment. Through results of computer simulation, We could deduce that the key to
promote the performance of LTCH algorithm is to choose the corresponding forwarding link candidate
area span and angle according to the density of network nodes. Due to limited space, this paper does
not make a thorough study of various specific networks. It is an important content of the next step of

0andd .

1,next

the research is how to adjust the link parameters d value dynamically according to the

turn
change of the distribution of network nodes ,and a reasonable link is established by considering the
candidate forwarding node residual energy and other factors. At the same time, the adaptability of
the algorithm is also the main content of LTCH algorithm needs to be further improved in the case of
cluster head distribution, as well as the degree of sparsity and network size.
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