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Abstract: This paper has focused on the optimization of topology control for heterogeneous energy-saving 
sensor networks. In the heterogeneous sensor networks, there is initial heterogeneous energy in each sensor node 
which produces isomerism such as heterogeneous link in the process of wireless communication. Compared 
with the traditional energy conservation optimum algorithm which doesn’t take fully consideration of the 
communication distance and the allocation of re-clustering after node failure, this paper proposes an network 
topology control algorithm with adaptive optimizing isomerism for wireless-sensors. In order to expand the life 
expectancy of network, this algorithm, firstly bases on hop-count of transmission data and the communication 
distance of adjacent sensors, and then does adaptive optimal control on clustering sensor nodes in specific 
environment, according to geometric principle of similar triangles. Simulation experiments have shown the 
improved algorithm can control network topology of all nodes in given data acquisition and monitoring area 
with high efficiency. Meanwhile, the life cycle of heterogeneous sensor network can be greatly expanded. 
Copyright © 2013 IFSA. 
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1. Introduction 

 
Nowadays, with the development of wireless-

sensor network technique, heterogeneous sensor 
networks [1] are widely used. The research on its 
topology control corresponding to its results has 
aroused wide concern at home and abroad [2], such 
as the selection criteria of optimal topology in 
different conditions [3], the clustering scheme with 
dispersed energy efficiency applied in heterogeneous 
wireless-sensor network [4] and the distributed 
clustering algorithm of relative factorial estimates of 
current energy based on nodes’ local information 
assessment etc [5]. In above results, the main 
techniques are power control and sleep scheduling to 

expand the lifetime of network to high limit [6]. The 
purpose of power control is to reduce the nodes’ 
transmitting power of sensors and to save energy in 
data transmission. According to the collected data, 
sleep scheduling can adjust itself between working or 
sleeping condition so as to save energy. 

However, all those techniques have not taken 
issues such as the communication distance and the 
allocation of re-clustering after node failure into fully 
consideration [7], therefore, this paper aimed to 
develop an adaptive topology control technique 
which is applicable to various situations, and finally 
provide effective communication properties for 
heterogeneous sensor networks, optimize topology 
structure and expend its life cycle. 
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2. Principle of Network Topology 
Control 

 
2.1. Network Topology Control 
 

A heterogeneous network consists of computers, 
network devices and systems with different 
producers [8]. In most cases, it can be operated in 
different treaties to support different functions and 
applications. 

Network topology utilizes transmission medium 
to interconnect various kinds of physical layout 
devices, especially the layout of computers and 
wiring pattern [9]. Proper topology type should be 
selected in actual situation while designing network. 
Topology is a kind of touching in aggregation which 
remains unchangeable even if the transformation of 
geometry. So the topology control is necessary. This 
chapter firstly describes the flow of DRNGC 
clustering algorithm, followed by the analysis of its 
limitations, and then did optimal control on 
clustering operation. 

 
 

2.2. DRNGC Clustering Algorithm 
 

Clustering algorithm of DRNGC (directed 
relative neighborhood graph based on cluster), 
initially does clustering operation on wireless 
network and optimizes the whole network and 
clustering. The flows of DRNGC clustering are as 
follows: 

1) Do clustering on the whole self-organization 
wireless network and the number of sub-clustering 
areas is n;  

2) Do clustering on each network node due to the 
collected geographic position information and 
calculate the optimal number of cluster-heads 
(

optCluster ) subsequently. From the center of a circle 

of data collection and monitoring area, do random 
selections to cluster the initial radius of 
communication; 

3) Adjust energy transferring of each node to 
form network topology. Do isometric blocks on 
different data collecting and monitoring section on 
the basis of optCluster3/2 ; 

4) In selecting cluster-head node in sub-clustering 
section, do operation in line with point energy 
consumption and transmission distance. After first 

selection, there are optCluster  spare cluster-head 

nodes; 
5) In new cluster area, the new cluster-head node 

sends the flooding message to other sensors’ nodes in 
monitoring section; 

6) When all the nodes have received the flooding 
message, in the light of their positions these nodes 
judge the communication distance and then joint the 
corresponding sub-clustering area. 

DRNGC algorithm topology control is usually 
used in solving connectivity problems caused by 

heterogeneous sensor networks. Owing to blending 
of network transmission data after clustering in the 
cluster-head, the rate of valid data and energy 
efficiency are improved. Meanwhile, network 
lifetime is expended. Suppose the information of 
each node such as geographic location etc is attained, 
this thesis stresses on how to optimize the clustering 
of sensors’ nodes so as to expand the network 
lifetime and improve data communication 
performance. 

By dividing the target monitoring section into 
several clustering areas, further refining clustering is 
done with reference to node energy consumption data 
transmission distance. To sum up, this kind of 
clustering algorithm would select the node as the 
cluster-head which has more dump energy and close 
communication distance to base station.  

 
 

2.3. DRNGC Optimizing Clustering 
Algorithm 

 
As shown above, in the control process of 

DRNGC clustering algorithm, the influence of 
communication distance on clustering is neglected. 
Besides, the proportional relationship between 
former and spare cluster-head nodes is not taken into 
consideration; stage treatment is not carried in the 
energy consumption of clustering and sensor point. 
Based on this, this section, optimizing topology 
control algorithm is introduced here. Specific 
descriptions are as follows:  

1) Information collection. 
If sensors with enough power exist within 

network, which is greater than threshold value of the 
sum of energy consumption of data collection and 
data switching, the flooding signal is released. If not, 
the structural topology table is set up in line with the 
collected location information of all sensors’ nodes. 
This table records the current network topology 
including the position of adjacent nodes, current 
cluster and the number of clustering, distance 
between node and head node etc. The value of 
weighting between current and spare clustering 
information is especially presented. 

2) The current cluster-head node sends flooding 
message to other nodes to broadcast probe request 
frame and the latest topology structural table. The 
flooding message is saved in topology structural 
table by other nodes to provide new-round selection 
of cluster-head. 

3) Having received probe request frame and the 
latest topology structural table, each node compares 
the former with the latest topology structural table, 
and then calculates proportion weights to update the 
corresponding data in topology structural table. Then 
each node sends acknowledgment frame to the 
present head node with the purpose of updating 
communication distance, energy consumption and 
contrast weights of present information of the 
cluster-head.  
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4) Having received the present clustering 
acknowledgment frame, each node reads updated 
value and compares with its self topology structural 
table. If there is any change, the new cluster-head is 
ready to do. 

5) The new cluster-head competition cycling and 
clustering. 

Cluster head nodes are selected among spare 
cluster-head nodes. As the energy consumption of the 
former head node is lower than the average dump 
energy in all sensor nodes, this head node activates a 
new round selection. When the sensor node receive 
flooding message, step (3) and (4) are circularly 
executed until t new cluster-head nodes are formed 
and new clustering structures are constructed. 
Meanwhile, network topology is updated. 

 
 

3. Adaptive Topology Control Algorithm 
for Heterogeneous Sensor Networks 
 
On the basis of the optimal DRNGC clustering 

algorithm, combined the actual time pick-up 
information of all sensor nodes with timely updated 
network dynamic topology information, this paper 
finally builds an adaptive topology control algorithm, 
written as A-DRNGC. The arithmetic statement is 
following: 

1) In each sub-cluster area, threshold value 

(written as )(iTCluster ) belonging to its cluster and 

the weighting ratio parameter (written as k) between 
the former and new cluster-head node are calculated 
on communication distance and surplus energy. 
Those two values vary with the alteration of the 
lifetime of internal node of clusters and give 
automatically feedbacks to the information of bare 
life and dynamic network topology. 

2) The communication distance bivariate table is 
built between cluster-head node and other nodes of 
sensors. In the light of the first communication 
distance, the best emission path and power is 
selected. Simultaneously, the topology structural 
table is under continuous updating. After comparison 
between the present cluster-head node and 
topological structure, the value of k is greater than 
some threshold value, namely, the present cluster-
head could not provide reliable data transmission and 
there is a better choice of new cluster-head (the 
detailed process is shown in step (3)). The route 
optimization selection is on his way. 

3) In new-round cluster-node selection, if a 
sensor node in present cluster does not receive any 
flooding information from the new cluster-head, it 
will send this flooding information to other sensor 
nodes in the cluster and then compete cluster-head 
node. If this is successful, then turn to step (2). 
Otherwise, it will send request information to cluster-
head nodes in other clusters and decide to join in this 
cluster or not according to the feedbacks of other 
clusters click to communication distance bivariate 
table. 

4) In different scenes, the communication 

distance of sensor nodes ( disSNode ), transmitting 

power ( tPNode ), the communication distance of 

receiving data ( diseClusterNod ) and receiving 

power ( rdePClusterNo ) of cluster-head are 

significantly different, therefore, the communication 
distance, data emitting, the value of receiving power 
and the contrast weight with former cluster-head 
should take into consideration while selecting 
cluster-head and sensor-node. 

In heterogeneous sensor network, sensor-node by 
first step routing the data information to the cluster-
head node in its sub-cluster, and the energy 
consumption is shown in equation (1). 
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where dis  represents the communication distance 
between sensor-node and cluster-head node. In this 
paper it is supposed that each cluster area in 
heterogeneous sensor network monitoring section is 

MR /2 , since the monitoring section is a round 
with communication semidiameter R . So the data 
transmission semidiameter in each cluster is 

MRr / . Then the energy consumption of 
sensor node is calculated via equation (2). 
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The aim of the clustering-head node in each 

cluster is mainly to search and collect data from 
sensor nodes, then send them to base or control 
center, so the energy consumption of cluster-head in 
each cluster is expressed as equation (3). 
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where )( pESNode  is the cluster-head in cluster 

receiving energy consumption from sensor node; 

)(_ pE gatherSNode  represents energy consumption 

when cluster-head receiving collecting data from 

sensor-node; )(&_ pE SNodeNodeCluster  stands for 

energy consumption while sending&receiving data 
and accepting control messages from the cluster-head 
and base station. ),,( keClusterNodSNodedis  is the 
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previous communication distance of cluster-node on 
the basis of comparing with former cluster-head. 

According to equation (1), (2) and (3) the energy 
consumption of cluster-node and sensor-node are 
obtained and based on A-DRNGC algorithm, the 
whole energy consumption of heterogeneous sensor 
network is obtained, which is shown in equation (4). 

 
))(/()( _ pPPpEkE successAPNECCHSN   (4) 

 

where )(_ pP SUCCESSAP  represents the probability 

which node accurately received the data from the 
heterogeneous sensor network. 

 
 

4. Simulation Experiments and Results 
Analysis 
 
This paper tested the performance of adaptive 

heterogeneous sensor network topology control by 
NS-2 simulating experiment and MATLAB 
mathematical analysis [10]. The monitoring area 
range of data collection is set as 180m100m, and 
the sensor nodes with different power are selected 
randomly. In simulation experiments, the same semi-
diameter of launching power and data transmission 
of the nodes are set both in sensor and cluster. The 
relevant parameters of simulation experiments and 
mathematical analysis are shown in Table 1. 

 
 

Table 1. Setting up of testing parameters. 
 

Name Value 

Power loss of reference 
point 

65 dB 

Transmitting power 1 dBm 

Noise power -100 dBm 

Communication distance 
of sensors’ node 

30 m 

Simulation time 500 seconds 

Treaty in MAC IEEE 802.15.4 

Routing protocol AODV 

 
 
Based on the above experimental platform, this 

paper will do analysis on the energy consumption 
and the number of death nodes of the proposed 
technology in this paper. 

From Fig. 2, the number of death node in 
DRNGC clustering algorithm is correspondence with 
those of A-DRNGC technology before 100 seconds. 
After the competition of clustering and clustering 
head, the number of death nodes in DRNGC 
clustering is markedly increased, much more than 
those in A-DRNGC technology. Started from 
100 seconds, the difference in the number of death 
nodes increased linearly. For DRNGC clustering 
algorithm, 50 % of the nodes (11 nodes) will become 

invalid in 400 seconds, which will have great effect 
on the communication on the whole heterogeneous 
network. In this moment, the number of death nodes 
is 8 in A-DRNGC technology. According to the 
adaptive and competition mechanism in A-DRNGC 
technology, the rest nodes will re-cluster and 
compete to be the node-head. At the same time the 
communication in networks is continuing. Fig. 2 
indicates that A-DRNGC topology control can 
choose the new node-head which has more dump 
energy and superior performance than former node-
head. When there is an uneven distribution after the 
random arranging of nodes in heterogeneous sensor, 
by this way, a reasonable clustering area will be 
established. 

 
 

 
 

Fig. 2. Comparison of the number of death nodes. 
 
 
Fig. 3 has shown that the energy consumption of 

data transmission in DRNGC clustering algorithm is 
more than A-DRNGC technology all along. Besides, 
from 100 seconds, some parts of cluster-head in 
heterogeneous network have lost its efficacy, and the 
re-clustering and competition within cluster-head are 
necessary. Owing to this reason, the energy 
consumption, which is obviously increased  
in A-DRNGC topology, is still smaller than DRNGC 
clustering algorithm. After then, this algorithm 
continuously consumes the energy in node; however, 
due to the high proportion of the invalid node, the 
most nodes cannot transmit data normally leading to 
the vanishing of nodes. After 400 seconds, the energy 
consumption is decreasing distinctly, since the new 
cluster-head can provide superior communication 
performance. 

To sum up, in heterogeneous network, when 
some cluster-nodes are invalid, the competition 
between re-clustering and cluster-head are necessary, 
in order to set up new topology. Otherwise, this will 
lead to the interrupting of some parts of sensor’ 
nodes and even to the paralysis of the whole network. 
Fig. 2 and Fig. 3 indicate that A-DRNGC topology 
can solve this problem by providing superior 
communication performance and expanding the 
lifetime of heterogeneous networks. 
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Fig. 3. Comparative analysis of dissipation energy  
for transmitting one bit. 

 
 
5. Conclusions 
 

Dealing with the high energy consumption in 
clustering, this paper puts forward an adaptive 
heterogeneous network for optimizing topology 
control to solve the problem that network topology 
control for heterogeneous sensors are difficult to 
meet the demands in practical uses. This technology 
is based on the dump energy, communication 
distances, and geometric principle of triangles to 
build an adaptive clustering and cluster-head 
competition mechanism. The advantage of this 
method lies in that the energy of rest nodes in 
network will be fully and reasonably used. Besides, 
the collecting and managing ability of the cluster-
head will be expressed to improve the reliability of 
dada collection and transmission. NS-2 simulation 
experiments and MATLAB mathematical analysis 
have proved this technology can greatly improve the 
use ratio of heterogeneous network and extend the 
lifetime of the network. 
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