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ABSTRACT: Cloud computing is fundamental for wireless
sensor network. Firstly massive data is gathered by
Wireless sensor. Then those data is sent to platform of
cloud computing. In the platform data is shared and
transferred. The whole System is controlled and managed.
In the process reliable and integrity of data depends on
performance of wireless sensor Networks Topology control
is one of core key factors which can influence performance
of wireless-sensor networks (WSN). So how to design
topology structure with high reliable and survivability is
becoming the important subject on wireless-sensor
networks. For the issue, a topology evolution strategy
based on scale-free network with energy efficient is
proposed. First by clustering algorithm cluster nodes are
distributed evenly. Then those nodes start evolving in
accordance with random walk processes on scale-free
network. Since some key factors such as residual energy
of node and node degree are taken into account in evolving
procedure, network topology obtains quality features such
as load and energy balance. So the network is quite
practical. Finally the simulation shows that network
topology from the evolution algorithm have good
robustness regardless of deliberate and random attack.
Consequently robustness feature of wireless-sensor
network under severe environment is satisfied.
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1. Introduction

In essence wireless sensor network is technology which
can interconnect all types of sensors with Internet
(Weiming Shi, Bo Hong, 2012). Its core is intelligent
wireless sensor network. The network can be viewed as
tentacle of human being’s perception. Based on the
tentacle, a variety of information in perception is gathered
and sent to various Internets in physical world. Thereby
various pictures in digital virtual world can be showed in
human society and information can be perceived by human
being. The process is generalized as “perception - transfer
- Computing - Application”. It is operation mode of wireless
sensor network (Madoka Yuriyama, Takayuki Kushida,
2011). In the mode, nodes are required to be extensive
distribution and massive number and can provide strong
computing power. Node is the basic unit of wireless sensor
network. It mainly completes IntelliSense, information
gathering, data fusion, data transmission and builds the
underlying physical network (P. Sasikala, 2013). Generally
node is formed by sensor unit, processing unit,
communication unit, power supply unit and other auxiliary
components. Typically, the node is designed to satisfy
several conditions:

(1) Universality, miniaturization, low power.

(2) Good interface strong perception.
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(3) It can work in harsh environments and have strong
anti-jamming capability.

(4) Data conversion capability (serial-to-parallel conversion
data).

There are a large number of sensor nodes in a wireless
sensor network. At each interval Massive data is collected.
That data is operated at nodes. Those operations include
aggregation, segmentation, statistics and backup. So
computing power which node can provide is critical for
wireless sensor network (Zheng Gengzhong, Liu Sanyang,
Qi Xiaogang, 2012). Meanwhile, in the different time
periods the resource load at node appear trend of
fluctuation. Therefore, the self-adaptive wireless sensor
network is better choice. On the one hand repetitive
construction can be avoided; on the other hand existing
theory and technology can be utilized well. In summary,
cloud computing and wireless sensor network is a perfect
combination because both have similar customer needs
and physical device (Kasthurirathna Dharshana,
Piraveenan Mahendra,Harre, Michael,2013). Based on the
similarities, creating more dynamic operating platform will
be available.

At wireless sensor network there generally are three
characteristics:1) comprehensive perception 2) reliable
delivery 3)intelligent processing. Intelligent processing
adapts to current development of the cloud computing.

Cloud computing has become the latest computing model,
following grid computing, Internet computing, software as
a service, platform as a service. Cloud computing utilizes
mainly virtual technology to integrity and abstract different
kinds of resources from internet. In the process, reliable
service - massive computing resources is provided to user.
Thereby users can be free from the complexities of the
underlying hardware logic, network protocols, and software
architecture. The concept which has been advocated by
cloud computing is “platform as a service” and “software
as a service.”

Security in wireless sensor network must draw widespread
attention. Nodes are generally likely to encounter following
attack: information is intercepted, part of the network or
nodes are controlled and other issues (Liu HaoRan , Yin
WenXiao,Han Tao, Dong MingRu,2014). At present, the
common solution is authentication and ZigBee technology.

In the application, Survivability is one of the most primary
indexes which estimate reliability of network (Mohammad
Al-Rousan, Taha Landolsi, Wafa M. Kanakri, 2010). Due
to some negative circumstances such as severe
environment, constrained energy and deliberate attack,
some nodes lose efficacy in the network. So survivability
is referred as most of the nodes in the network are still
connected when some nodes become ineffective (TheinLai
Wong, Tatsuhiro Tsuchiya, Tohru Kikuno, 2008). In other
words, network has the ability to maintain network
performance when some sensor nodes fail. Currently

research on survivability has become a key issue to
improve the robustness of the wireless sensor network
topology (Xinrong Li, 2010), relay node is introduced to
change scope of node communication in order to improve
survivability of network (Kalvinder Singh, Vallipuram
Muthukkumarasamy, 2010), and an integrated coverage
and connectivity configuration in wireless sensor network
is proposed. When nodes become disconnected in some
regions, connection can be recovered by covering primary
nodes in adjacent areas (K Lin, M Chen, S Zeadally, JIPC
Rodrigues, 2012). A strategy which uses a minimum of
relay nodes can ensure full connectivity between node
and station in order to improve network survivability (Hai
Van Luu, Xueyan Tang ,2012). For the deployment of
sensor nodes in harsh environment, an energy efficient
fault-tolerant topology is constructed. By building k-
connectivity network, network connectivity can be still
maintained under k-coverage strategy even if some nodes
fail (N. Jiang, S. Jin, Y. Guo, Y. He, 2013). From the
perspective of software rejuvenation methodology, a
practical survivability model of wireless sensor network is
designed. So To satisfy network survivability, most
research focus on redundancy mechanism. Although the
network survivability is improved, the network topology
becomes more complex. The reason is that scale of
hardware and software is increased (V.H. Dang, V.D. Le,
Y.K. Lee, 2010). To some extent, not only the operating
costs of the network are increased, but also the network
performance is reduced. Finally, the network lifetime is
impacted. Combined with complex networks theory and
traditional BA scale-free network model, a scale-free
network topology evolution model with energy efficient
(TEMEE, Topology Evolution Model with Energy
Efficiency) is proposed. The model is suitable for practical
application because some key factors such as residual
energy, node degree are included in proposed evolution
strategy. The simulation results show that network
topology which is generated by TEMEE model can well
improve network survivability without extra facilities. So
on the premise of reliable data transmission, the
robustness of the network can be improved.

2. The Network Structure to Describe

The wireless sensor network is a special kind of complex
network. In order to make evolution of wireless sensor
network topology satisfy features of scale-free network
and avoid mutual interference among nodes that is caused
by communication radius of nodes, network structure is
assumed as:

(1) The power of sensor nodes have adjustable. According
to node’s residual energy, node can adjust transmit power
and determine communication radius.

(2) Two different transmissions frequency are used in node
communication. Low frequency is suitable for node
communication within communication radius. The high
frequency is suitable for node communication outside
communication radius.
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Figure 1. Network Topology

(3) Distribution of nodes approximates to uniform
distribution at entire circular area.

(4) Sink node is placed at the centre of the network;

(5) Clustering mechanism is adopted in network topology
management.

Based on the assumption, network structure is shown in
Figure 1.

3. Topology Evolutions

In a real network, procedure of selecting a new connection
generally prefers random walk [6] method rather than
global BA scale-free network model. For example, In World
Wide Web, starting link node can be selected randomly.
Pages are browsed by hyperlink. If new node is expected
to be my neighbours, hyperlink is used to bridge the two
nodes. In personal network, fresh person meet new friend
by old friend. So the new relationship is established. In
academe, references on published papers can be chosen
to be own paper’s references. Thus, random walk method
has more realistic than global optimum model.

So with random walk model, novel topology evolution
algorithm is proposed. In evolution procedure, firstly
clustering Algorithm Based on Bayesian Game (CABG)
is applied to distribution of cluster headers nodes. Then
based on random walk method and evolutionary
mechanism of BA scale-free network, connectivity among
cluster headers nodes is established selectively.
According to practical application of wireless sensor
network, connectivity optimization strategy includes mainly
the following two key factors:

(1) Residual energy: Residual energy of cluster-header
node influences its life-span directly. So less than residual
energy node has, less connection probability is.

(2) Node Degree: Cluster-header node with higher residual
energy has more chance to connect more edges. But
due to excessive connection, energy of node is consumed
in advance. Under these circumstances, energy hole is
generated. So “node degree” is introduced to limit
maximum number of connections for cluster-header nodes.

Evolution mechanism of TEMEE model has four features:

(1) Cluster Distribution: CABG clustering algorithm is
used to achieve distribution of cluster

(2) Growth: Similar to the scale-free network model, the
scale of the network is expanding.

(3) Random Walk: Based on random walk, new cluster-
header nodes are added to network structure

(4) According to certain probability (residual energy, node
degree), new added cluster-header nodes choose cluster
header nodes to establish connection.

4. Topology Evolution Model

Based on BA Growth Network Model and Preferential
Attachment, with Random Walk Method, Topology
Evolution Model is Described as Follows:

(1) Clusters are formed reasonably and steadily by using
CABG clustering algorithm.

(2) There is initial network v, ,, ... with m, nodes and e,

edges .those nodes are composed of sink node and
its neighbours cluster header nodes.

(3) In initial network, a cluster head node is selected
randomly as starting node of random walk. The length of
the randomwalkis /(0 </ < m,) . Solocal network ¥V, , ..
is form by nodes which are located at random walk path.

(4) By certain probability [ 1., m(0 <m <) different cluster
header nodes are selected randomly from local
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network v, . . Thenthose m cluster header nodes
are waiting for connecting new cluster header nodes.

probability [1. is referred as (1) :

E.
I o k

_ i 1
i="1 ZEj+a22 i ( )
- J

In equation (1), o, is defined as regulation parameter for
node energy. a, is defined as regulation parameter for
node degree, and0<o, <10<0,<1 o+ o,=1.

(5) Go back step (3) until all cluster header nodes are
connected in the network.

To demonstrate evolution process of TEMEE model, the
corresponding topology evolution algorithm is shown in
Figure 2.

5. Topology dynamic analysis

In TEMEE model, probability of preferential attachment
of cluster header nodes is referred as

E. k.
ooy e,
;X k
With the mean-field theory, the distribution of node degree

in evolution model is analyzed as follow:

Assume random variable is defined as continuous. The
mean-field equation (Barabasi and Albert) of scale-free
network evolution model are defined as:

J(k)

2(0) ) @

'SE N5y
J g

=ml[] =m(a

Clusters are formed reasonably and steadily by
using CABG clustering algorithm

header nodes.

Initial network 1s established with 77, nodes that
are composed of sink node and 1ts neighbor cluster

In mitial network, a cluster head node 1s selected
randomly as starting node of random walk. Local
network 1s formed by walking a certain length /

Based on certain probability from formula (1), m
different cluster header nodes are selected randomly
from local network. Then those nodes are waiting
for connecting with new cluster header nodes.

All cluster header
nodes are connected?

End

Figur 2. TEMEE model topology evolution algorithm process
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In (2) equation: ZE/_z t<E><E_,isdefined as the average
energy of the cluster header node at time .

> kj= 2mt, So equation (3) is deduced:

(k) Moem(a 2o k, 3)
B(t) =m i_m 1t<E‘j>+a2 W)
Adjust equation (3):
E.
iy 2may gt ok,
e / 4)
(1) 2mt

E.
In equation (4), set /(E) =<E_l> » J(E) is relevant function
t

of energy of cluster header nodes. So:

dk)  2ma f(E)+o,k (5)
EX0) - 2t

Solve differential equation (5). The resultis:

03

ki(t) = CITZ 2m a_lf(E) ©)
a2

According to initial condition k() = m, the result is:

k(0= 2m5 () (% Ay (7)
o, 12 a,

The probability of degree of a cluster header node being
less than k is defined as:

G}

k(1) <k) = p((m+2mf (E))(;—l) -2"%1‘ (E)<k)

m(l+2f(@)f (E) ®)
k+2mf (@) (E)

0,’1
2

1<)

=pl(

In equation ( 8) fl@y=—L

a.
Assume new cluster header nodes are added into network
at the same interval: time of each cluster header
node joining the network is completely random.
Therefore, random variables obey uniform distribution at
the interval. Probability Density Function:
1

pt)= p— 9)
Equation (9) merges with equation (8)
o 2/ (@) (E)
Pk (1) <k) =1-p(1, <( k+2mf(a)f(E)) 1) w0

ot m(1+2f<a>f(E)));i
my+t k+2mf (@) f(E)

Therefore, Degree distribution of TEMEE model network
topology is defined as:

Op(k; (1) < k)

p(k)= m
t Em+ 20 (@) f(B)* (1
= ( % - )
m, +1 L4
(b + 200 (@) (E))”
In equation (11), when t —
_ Op(k,(t) <k)
plk)= E—
Eymemi@ B (12)
a =)
— - Yok ®
(k+2mf (@) f (E))"

From equation (12), Degree distribution of TEMEE model
network topology obeys power law probability distribution.

Power-Law Index: y=1 + % . Network have scale-free

2
feature. When o, = 1, the degree distribution of network
topology is the same with that of BA model.

6. Simulation Experiment

The degree distribution is an important feature of the
network topology. It has animportantinfluence on network
reliability and behaviour of transmission dynamics. So the
degree distribution of TEMEE model is simulated and
Survivability of model is verified. All simulation results are
average values of repeated at least 20 times random
simulation.

Parameter Description Value
The number of the initial cluster
m header nodes in the network 1
In local network, the number of
the random selection cluster header
m nodes which are waiting for
connecting new cluster
header nodes 13
t Evaluating time of network model 2000s
t, Time for new cluster header node t>0
joining network
E The maximum energy of cluster
max header node 1J
R Communication radius of
cluster header node 60m-100m

Table 1. Gives the related simulation parameter
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Figure 4. Distribution of TEMEE model

Figure 3 shows the deployment of 400 cluster header
nodes in 100x100m2. It is evolved to base on TEMEE
model. According to Figure 3, degree of most cluster
header nodes is low while degree of less cluster header
nodes is high. This phenomenon is consistent with the
features of scale-free network. In addition, evenly
distributions of cluster head nodes with lager degree make
whole network obtain good robustness regardless of
random attack or deliberate attack. Why? The reason is
that node energy and node degree as important factors
are added into connection strategy. So network load and
energy consumption can be more balanced.

Figure 4 shows degree distribution of node of TEMEE
model. This picture indicates that degree distribution have
scale-free feature.

To analyze dynamic feature of TEMEE model, difference

parameters for f(E) and /(o) are selected so as to analyze
degree distribution of node. Figure 4(a) and 4(b) show the
whole trend. For one thing, degree distribution decreases
with increasing f (o ).this benefits balance communication
load among nodes. For another, degree distribution
increases with increasing f(E£). This indicates that based
on energy equation (1) nodes with higher residual energy
have larger load. It is conducive to the balance of energy
consumption.

Figure 4(a) and 4(b) show that influence of /(o) for degree
distribution is greater than that of. Increasing f'(o.) can
balance communication load of network while increasing
f(E) can make node with higher residual energy obtain
larger load. So, balancing the value of o, and o, need to
consider those key factors such as node distribution and
communication characteristic of sensor node. Probability
formula of preferential attachment is formed by adjusting
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the value of o and a,,. In this way, optimal distribution of
node degree and balance of energy and load can be
achieved at the same time. Finally network survivability is
improved.

Figure 5 shows distribution of power law index y of

TEMRM model under adjusting o, o.,, n. From figure, with
change of accelerative growth parameter 6, the whole
network shows different degree distribution by adjusting
parameter o, o), . So TEMRM model has a wide range
of adjustability. It is suitable for wireless sensor applica-
tion.
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Figure 6. Trend of distribution of power law index of TEMRM model with number of compensated links

In order to guarantee self-recover and reconstruction,
reconnection mechanism is introduced into TEMRM
model. Figure 6 shows the change of power law index a
with compensated the number of links 7.

In reality, value range of distribution of power law index of
scale-free network is from 2 to 4[10]. From figure 5.10, in
order to gain good degree distribution, the value range of
optimal number of compensated links is from 3 to 7 when
network fails. Simulation results show that when network
fails, the appropriate compensation of link can ensure
network connectivity while excessive compensation can
resultin an unstable network.

Figure 7 shows the trend of the power law index of network

with the deletion probability o.,. From figure, when deletion
probability is from 0.1 to 0.2, the power law index is from
2 to 4.S0 a good degree distribution can be obtained at
the deletion probability interval. But when probability
exceeds the interval, the result is not ideal. Network
connectivity is poor.

In order to further analyze survivability of the TEMEE
model, survivability measure from literature [8] is introduced
to compare survivability among different models such as
TEMEE model, BAmodel and Topology Evolution among
Cluster Heads by random walker, TECHRW. In TECHRW
model, Connection probability of preferential attachment
is defined as:
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In literature [8], Survivability is measured by coverage rate
of network after attack. Survivability measure is defined
as:

> k()
TNV

In equation (13), T'is max hop count allowed by data fusion
among nodes. N is the number of the initial nodes. N is
the maximum number of connected cluster header nodes

(13)

C(T) (T>1)

after attack. %:(T) is the number of nodes, distance of
which to node i is less than T.
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Figure 8. Comparison of Survivability Under Random Attack

Figure 8 shows comparison of survivability among TEMEE
model, BA model and TECHARW model under random
attack. Coverage rate of TEMEE model is highest.
Coverage rate of TECHRW model is middle. Coverage
rate of BA model is lowest. But the three have little
difference. The main reason is scale-free network has
better robustness under random attack. So under random
attack network is impacted weakly. Furthermore, design
of the TECHRW model considers only the node residual
energy while the design of TEMEE model not only
considers the node energy, but also considers
the node saturation. In TECHRW model, excessive
connection of several nodes can lead to the energy hole.
So with evolution of network topology, coverage of TEMEE
model is higher than that of TECHRW.

Figure 9 shows comparison of survivability among TEMEE
model, BA model and TECHARW model under deliberate
attack. Coverage rate of TEMEE model is highest.
Coverage rate of TECHRW model is middle. Coverage
rate of BA model is lowest. Coverage rate of TECHRW
and BA model starts to decline sharply when about 5% of
cluster header nodes are removed. When about 20% of
cluster header nodes are removed, coverage rate of both
models approximates to zero. But when about 10% of

cluster header nodes are removed in TEMEE model,
coverage rate starts to fall. When about 25% of cluster
header nodes are removed, TEMEE model still maintain
certain coverage rate. The main reason is that TEMEE
model takes node energy and saturation into consideration.
So the network load and energy consumption are relatively
balanced. Especially the distribution of nodes with higher
degree is more even than that of TECHRW model and BA
model. So the network has higher survivability under
deliberate attack.

7. Conclusions

Scale-free network provides research model for survivability
of wireless sensor network. In this paper, complex network
theory is introduced into topology evolution of the wireless
sensor network. According to the actual application of the
wireless sensor network, those important parameters such
as node residual energy and node degree are introduced.
By adjusting probability of node’s preferential attachment,
based on BA scale-free network, novel topology evolution
model is proposed. The new model is analyzed
dynamically by mean field theory. The simulation results
show that degree distribution of evolution model obeys to
power-law distribution. The model has also feature of scale-

Journal of Digital Information Management

4 Volume 13 Number 4 0O August 2015

273



—+—TEMEE Model —=— TECHEW Model

BA Model

T EE—

0.9

0.8
L -]
®o7
06
L]
“ oS
L
o4
F 3
=03
=1

0.2

o1

L Rl e L ey
4

1] 005

0_0L 015 0z 025

Kemove the clmster hesd modexz(X)
Figure 9. Comparison of Survivability Under Deliberate Attack

free network. Since evolved network topology has quality
load and energy balance, When the network failure, through
the reconnection mechanism can make the network
topology self-healing and refactoring, network topology
has good survivability regardless of random and deliberate
attack and can provide quality service for upper
communication protocol, Can meet in harsh environments
such as natural disasters, military applications of wireless
sensor network robustness requirement.

8. Acknowledgment

This work was supported by the grants from Jiangxi
Provincial Education Development financial aid for “The
visualization of public logistics service platform construction
based on Internet of things [No.KJLD12032], National
Natural Science Foundation of China [No.513640017]”,
Open Program of State Key Laboratory Breeding Base of
Nuclear Resources and Environment under Grant
No.NRE1102, Key Projects in the Science and Technology
Pillar Program of Jiangxi Province of China under Grant
No. 20122BBF60099, and “The Open Project of Shanghai
Key Laboratory of Trustworthy Computing (No.
07DZ22304201305)".

9. References

[1] Weiming Shi., Bo Hong. (2012). Task scheduling in
budget-constrained cloud computing systems to maximise
throughput, Journal: Int. J. of Computational Science and
Engineering, 7 (4), 319-328.

[2] Mohammad Al-Rousan., Taha Landolsi., Wafa, M.
Kanakri(2010). Energy consumption considerations in
dynamic wireless sensor networks with nodes and base
stations mobility’, Int. J. of Sensor Networks, 7 (4) 217—
227.

[3] TheinLai Wong., Tatsuhiro Tsuchiya., Tohru Kikuno.
(2008). A self-organising algorithm for sensor placement
in wireless mobile microsensor networks’, Int. J. of
Wireless and Mobile Computing, 3 (1/2), 69-78.

[4] Madoka Yuriyama., Takayuki Kushida. (2011)
Integrated cloud computing environment with IT resources
and sensor devices, Int. J. of Space-Based and Situated
Computing, 1(2/3) 163-173.

[5] Sasikala. (2013). Energy efficiency in cloud computing:
way towards green computing’,/nt. J. of Cloud Computing,
2 (4).305-324.

[6] Xinrong Li. (2010). Collaborative multi-sensor tracking
in mobile wireless sensor networks’,Int. J. of Sensor
Networks, 8 (3/4) 233— 246.

[7] Kalvinder Singh., Vallipuram Muthukkumarasamy.
(2010). Key establishment protocols using environmental
and physiological data in wireless sensor networks’,/nt.
J. of Sensor Networks, 8 (1), 8—26.

[8] Hai Van Luu., Xueyan Tang. (2012). An efficient data
collection scheme through multi-path routing structures
in wireless sensor networks, Int. J. of Sensor Networks,
12 (2), 106-124.

[9] Jiang, N., Jin, S., Guo, Y., He, Y. (2013). Localization
of Wireless Sensor Network Based on Genetic Algorithm,
INT J COMPUT COMMUN, 6, 825-837.

[10] Dang, V.H., Le, V. D., Lee, Y. K. (2010). Distributed
push-pull estimation for node localization in wireless
sensor networks, Journal of Parallel and Distributed
Competing, In Press, 4, 175-181.

[11]Aloor, G., Jacob, L. (2010). Distributed wireless sensor
network localization using stochastic proximity
embedding, Computer Communication, 33 (6), 745-755.

[12] Lin, K., Chen, M., Zeadally, S., JJPC Rodrigues.
(2012). Balancing energy consumption with mobile agents
in wireless sensor networks, Future Generation Computer
System, 28 (2), 446-456.

[13] Xu, X., Liang, W. (2011). Placing Optimal Number of
Sinks in Sensor Networks for Network Lifetime
Maximization, IEEE ICC 2011, 5-9, 1-6.

[14] Nazir, B. Hasbullah(2010) ‘Mobile Sink based Routing

274

Journal of Digital Information Management

U Volume 13 Number 4 U August 2015



Protocol (MSRP) for Prolonging Network Lifetime in
Clustered Wireless Sensor Network’, 2010 International
Conference on Computer Applications and Industrial
Electronics (ICCAIE), 5-8, 624-629.

[15] Shuai Gao., Hongke Zhang., Das, S.K. (2011).
‘Efficient Data Collection in Wireless Sensor Networks
with Path-Constrained Mobile Sinks’, IEEE Transactions
on Mobile Computihg. 10 (4), 592-608.

[16] Jing-hui Zhong., Jun Zhang. (2012). Ant colony
optimization algorithm for lifetime maximization in wireless
sensor network with mobile sink’,In Proceeding of the 14th
International Conference on Genetic and evolutionary
computation., ACM, 1199-1204.

[17] Zichuan Xu., Weifa Liang., Yinlong Xu. (2012). Network
Lifetime Maximization in Delay-Tolerant Sensor Networks
with a Mobile Sink’, In: IEEE 8" International Conference
on Distributed Computing in Sensor Systems (DCOSS),
16-18, 9-16.

[18] Zheng Gengzhong., Liu Qiumei. (2013). Scale-free
topology evolution for wireless sensor networks, Source:
Computers and Electrical Engineering, 39, 1779-1788.

[19] Zheng Gengzhong., Liu Sanyang., Qi Xiaogang.
(2012). Scale-free topology evolution for wireless sensor
networks with reconstruction mechanism, Computers and
Electrical Engineering, 38, 643-651.

[20] Gengzhong., Zheng Qiumei., Liu. (2012). Analysis
of random sleep scheme for wireless sensor networks’,
Advances in Information Sciences and Service Sciences,
4(1),336-342.

[21] Liu HaoRan., Yin WenXiao., Han Tao., Dong MingRu.
(2014). Wireless sensor network fault tolerant topology
for lifetime optimization, Wuli Xuebao/Acta Physica Sinica,
63, 125-130.

[22] Kasthurirathna Dharshana., Piraveenan Mahendra.,
Harre., Michael. (2013). Evolution of coordination in scale-
free and small world networks under information

diffusion constraints, In: Proceedings of the 2013 IEEE/
ACM International Conference on Advances in Social
Networks Analysis and Mining, ASONAM 2013, 183-189.

[23] Luo Xiaojuan., Yu Huigun., Wang Xiang. (2012).
Energy-aware topology evolution model with link and node
deletion in wireless sensor networks, Mathematical
Problems in Engineering,221-229.

10. Author biographies

Yueshun He is Full Professor at East China Institute of
Technology,Nanchang,China, where he teaches Computer
Network and Communication Technology. At present, the
main research field includes the wireless sensor networks
and intelligent information system and big data and cloud
computing.

Wei Zhang is currently a Ph.D student in Computer and
Network Engineering at East China Institute of
Technology,Nanchang,China, under the supervision of prof.
Yueshun He. He graduated, cumlaude, in Computer
Engineering from East China Institute of Technology. He
is a member of the Embedded System Lab and SecLab.
His research activities are focused on Cyber Physical
Systems with particular emphasis on security and
embedded systems devices based on the FPGA
technology.

Nan Jiang is Full Professor at the State Key Laboratory
Breeding Base of Nuclear Resources and Environment,
East China Institute of Technology, China. At present, the
main research field includes application of wireless sensor
network in environmental monitoring.

Lihua Li is a computer engineering researcher at East
China Institute of Technology,Nanchang,China.She is a
member of the Embedded System Lab and hers research
activities are focused on mobile Cyber Physical Systems.
Currently, she is experiencing Google Android operating
system and new FPGA hybrid architectures.

Journal of Digital Information Management

4 Volume 13 Number 4 0O August 2015 275




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


