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Abstract— The increase in the demand for Wireless Sensor
Networks (WSNs) has intensified studies which aim to obtain
energy-efficient solutions, since the energy storage limitation is
critical in those systems. Traditional methods for sensor
scheduling use either sensing coverage or network connectivity,
but rarely both Schedule sensor nodes work alternatively by
configuring some of them an off-duty status that has lower energy
consumption than the normal on-duty one. In a single wireless
sensor network, sensors assume two main functionalities: sensing
and communication. Minimizing energy consumption in a highly
dense wireless sensor network needs to maximize off-duty nodes
in both domains. “The communication range is twice the sensing
range” is the sufficient condition and the tight lower bound to
ensure that complete coverage preservation implies connectivity
among active node. In this paper we present the different
scheduling methods of increasing the lifetime of wireless sensor
network. analyze and classify the research of the network lifetime
for wireless sensor network, the important point is to introduce
some scheduling the methods of the researchers’ uses to maximize
network lifetime and our proposed work on increasing the
lifetime by scheduling. Depletion of these finite energy batteries
can result in a change in network topology or in the end of
network life itself. Hence, prolonging the life of wireless sensor
networks is important. The network lifetime can depend on many
other factors too. In this paper, we analyze and classify the
research of the network lifetime for wireless sensor network, the
important point is to introduce the method the researchers’ uses
to maximize network lifetime.

Index Terms— Wireless Sensor Networks, Energy Limited,
Scheduling, Energy Efficiency and Self-Organization

I. NTRODUCTION

IRELESS sensor networks have been proposed for a

wide range of monitoring applications such as traffic

and seismic monitoring, and fire detection. Such
networks consist of a group of nodes, with sensing, signal
processing and wireless communication capabilities and
limited battery energy. Each sensor collects information by
sensing its surrounding region and transfers the information to
a sink (also called a data center) via wireless transmission.
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Because of the features of sensors, WSNs have been
implemented in harsh environments such as in the deep sea,
arctic areas, and hazardous war zones.

Different from other Dbattery-powered apparatuses,
recharging a sensor’s battery is generally impossible. Although
solar and wind energy can be used, such energy supplies are
not reliable. Scheduling the sensing activity mean when to
activate a sensor node for sensing (active mode) and when to
keep it idle (sleep mode). One approach based on the sensor
activity scheduling technique is to divide all sensors into
disjoint sensor subsets or sensor covers and each sensor cover
needs to satisfy the coverage constraints. Only one sensor
cover is active to provide the functionality and the remaining
sensor covers are in the sleeping mode.

Once the active sensor cover runs out of energy and
consequently cannot maintain coverage constraints, another
sensor cover will be selected to enter the active mode and
provide the functionality continuously. In this paper we
introduce some methods of scheduling to maximizing the
lifetime of wireless sensor network and also review on point
coverage area coverage problems of STHGA [1] i.e., the
schedule transition hybrid genetic algorithm and comparative
study of “most constrained—minimally constraining covering
(MCMCC)”, “maximum covers using mixed integer
programming (MC-MIP)” and the genetic algorithm for
maximum disjoint set covers (GAMDSC) with STHGA.

The rest of the paper is organized as follows. In next section
we present techniques to reduce energy consumption methods.
In section III, we present comparative study discussion of
various scheduling algorithm to increase the lifetime of WSN.
Finally, we conclude in section V.

II. TECHNIQUES TO REDUCE ENERGY
CONSUMPTION

One of the most important features of a WSN is its energy
efficiency, as in most of the cases sensors dispose of small
batteries that are impossible or impractical to change or
recharge. In such conditions it is of paramount importance to
develop dedicated communication solutions that handle sensor
data gathering in an energy-sparing manner, prolonging thus
the lifetime of the network. With the current technology, of
energy saving. Maximizing the lifetime of a sensor network by
scheduling operations of sensors is an effective way to
construct energy efficient wireless sensor networks.
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A. Energy —Efficient By Scheduling Scheme

An important method for prolonging the network lifetime for
the area coverage problem is to determine a protocol for
selecting the set of active sensor nodes through central control.
The network activity can be organized in rounds, and the set of
active sensor nodes are decided at the beginning of each
round. Active node selection is determined based on the
problem requirements (e.g. area monitoring, connectivity,
power efficiency).different methods has been proposed in
literature [16], [17], [18], [19], [20], [21]. S. Tilak et al., [13]
proposes a scheduling scheme which periodically chooses a
subset of nodes to perform the network tasks and sends the
remaining nodes to energy-saving state.

The objective considered in this work is to minimize the
number of active nodes in each time period, complying with
the requirements established for the network. It should be
noticed that all the works referenced above handle with the
problem in a static environment: given the set of nodes which
could be active, the algorithm looks for the best node
arrangement for such a situation. This approach can lead to
sub-optimal solutions only, since the dynamic nature of the
problem is ignored. In [2], authors propose a node scheduling
scheme, which can reduce system overall energy consumption,
therefore increasing system lifetime, by turning off some
redundant nodes. It’s coverage-based off duty eligibility rule
and back off-based node-scheduling scheme guarantees that
the original sensing coverage is maintained after turning off
redundant nodes. In [17], authors presented an approach ESA,
and by turning off some redundant nodes extend the networks’
lifetime. In the end, the significant improvement in terms of
networks lifetime is observed through extensive simulation
experiments. Algorithm EECCP [18] considers the network
coverage and sensor connectivity simultaneously. Compared
with other referred algorithms, the extensive simulation results
demonstrate that algorithm can achieve the connected,
full/partial coverage requirement. And CCC proposed in paper
[18] Utilizes a node of its” optimum coverage and connectivity
to transmit to another node and calculate the quantity of the
nodes of an optimum cluster. And the simulation results show
that CCC improves network lifetime and reduces whole
average of energy consumption. In [20] and [21] the authors
proposed energy efficient centralized mechanisms to cover the
target region completely by dividing the sensor nodes into
disjoint sets, such that every set can individually perform the
coverage tasks. These sets are then activated successively, and
while the current sensor set is active, all other nodes are in the
sleep mode. The goal of this approach is to determine a
maximum number of disjoint sets, as this has a direct impact
on conserving sensor energy resources as well as on
prolonging the network lifetime.

To extend the lifetime is to divide the deployed sensors into
disjoint subsets of sensors or sensor covers, such that each
sensor cover can cover all targets and work by turns. Finding
the maximum number of sensor covers can be solved via
transformation to the Disjoint Set Covers (DSC) problem or,
equivalently, the SET K-COVER problem. Both are proved to
be NP-complete. [2], [3].

The schedule transition hybrid genetic algorithm (STHGA)
[1] introduces by Xiao-Min Hu, Jun Zhang and Yan Yu, It can
be applied to both point- coverage and area-coverage disjoint
set covers problems. The distinct feature of STHGA is that it
adopts a forward encoding scheme for the representation of
chromosomes in the population and uses some effective
genetic and sensor schedule transition operations finding the
optimal complete coverage scheme in WSNs is not easy,
because the number of sensors in a target area is so huge that
the computation is time-consuming. Cardic and Du [4]
proposed a “maximum covers using mixed integer
programming (MC-MIP)” algorithm to find the maximum
number of disjoint complete cover sets for covering a set of
target points. They transformed the problem into a maximum
flow problem and then formulated it as a mixed integer
programming. By using a branch and bound method, MC-MIP
acts as an implicit exhaustive search which guarantees finding
the optimal solution. However, as the numbers of sensors and
targets become larger, the running time of MC-MIP increases
exponentially.

Lai et al., [7] introduced a GA for point-coverage problems.

They termed it the genetic algorithm for maximum disjoint
set covers (GAMDSC) and encoded each gene in the
chromosome as an integer index of the set that the sensor
joined. Using traditional genetic operations and a scatter
operator, their algorithm was reported to be able to get near
optimal solutions. It can be observed that their algorithm lacks
the consideration for redundant sensors in cover sets and the
guidance for joining sensors to form complete coverage. Their
algorithm is only suitable when the numbers of targets and
sensors are small. Slijepcevic and Potkonjak [6] proposed a
greedy deterministic approach called the “most constrained—
minimally constraining covering (MCMCC)” heuristic to
completely cover the target area. MCMCC cannot guarantee
finding the optimum, but it works much faster than MC-MIP
for problems in a large scale.

In MCMCC, a function is defined favoring the sensor which
covers the most constrained field, whereas the other fields
covered by the sensor are minimally constraining. Whether a
field is constrained or not depends on the number of sensors
that can cover the field. Each complete cover set in MCMCC
is constructed by selecting sensors according to the heuristic
objective function. In the randomized scheduling methods in,
sensors are randomly assigned to multiple working subsets of
sensors. For each subset of sensors, the algorithm used an
extra-on rule for guaranteeing network connectivity and then
updated the working schedule accordingly.

Lin and Chen [6] later improved the approach of by
detecting and eliminating coverage holes in the subsets.
Abrams et al. designed three approximation algorithms for a
variation of the SET k-cover problem. However, none of the
three algorithms guarantees complete coverage. In addition to
heuristic methods, genetic algorithms (GAs) have also been
applied. GAs is population based search algorithms, which
simulate biological evolution processes and have successfully
solved a wide range of NPhard optimization problems.
Compared with MC-MIP and MCMCC, using a GA for
finding the maximum number of disjoint complete cover sets is
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expected to search the domain more effectively and reduce the
computation time.

Moreover, the problems addressed by MC-MIP and
GAMDSC are point-coverage problems, whereas MCMCC
can be applied to both point-coverage and area-coverage
problems. Area coverage involves a much larger number of
coverage targets than point-coverage, because each field in the
target area must be completely covered. An enhanced GA is
proposed, aiming at solving disjoint set covers problems for
maximizing the WSN lifetime. Shu Lei, S.Y. Lee, Yang Jie
presents [29] “ETRI: A Dynamic Packet Scheduling
Algorithm for Wireless Sensor Networks the Two Ties Buffer
model and ETRI packet” scheduling algorithm. Reward and
Interest are added as the new constraints to the conventional
timing and energy constraints for packet scheduling
algorithms.

It can be observed that their algorithm lacks the
consideration for redundant sensors in cover sets and the
guidance for joining sensors to form complete coverage. Their
algorithm is only suitable when the numbers of targets and
sensors are small. Moreover, the problems addressed by MC-
MIP and GAMDSC are point-coverage problems, whereas
MCMCC can be applied to both point-coverage and area-
coverage problems. Area coverage involves a much larger
number of coverage targets than point-coverage, because each
field in the target area must be completely covered. An
enhanced GA is proposed, aiming at solving disjoint set covers
problems for maximizing the WSN lifetime. The schedule
transition hybrid genetic algorithm (STHGA) [1] can be
applied to both point coverage and area-coverage disjoint set
covers problems. The distinct feature of STHGA is that it
adopts a forward encoding scheme for the representation of
chromosomes in the population and uses some effective
genetic and sensor schedule transition operations.

Our aim of research is Close inspection for limitation like
point-coverage and area-coverage problems of existing
scheduling methods such as MC-MIP, MCMCC, GAMDSC,

STHGA etc and exploring new means of scheduling for
overcoming the limitations such as point-coverage, area
coverage problems and subset optimization problems (each
subset is to form complete coverage to the target area).
Improvement of existing scheduling activity with regard to
energy saving in WSN. Enhancing functional operation of
scheduling activity. Use of hybrid genetic algorithm for
maximizing lifetime of WSN. Developing hybrid approach of
combining a genetic algorithm with schedule transition
operations, termed STHGA, to address this problem (finding
the largest number of disjoint sets of sensors).

III. COMPARAT IVE STUDY AND DISCUSSIONS

The STHGA is tested with different sensor deployments for
point-coverage [1]. The performance of STHGA will be
compared with the state-of-the-art algorithms [1], i.e.,
MCMCC [3] and GAMDSC [35]. For STHGA and
GAMDSC, each case is tested 100 times independently. The
sensors are deployed in a 50%x50 rectangle area and the
coordinates of sensors’ locations are randomly generated as

float-point values in [0, 50]. Analysis and discussions on the
operations of the proposed STHGA are also presented. If not
specially stated, all experiments for STHGA use the same
parameters settings as the population size m = 3, the interval
for performing mutation Gm = 100, the mutation rate p = .5
and the parameters K1 = K2 = 5. These parameter values are
set empirically and their influences to the performance of
STHGA will be analyzed. Parameter settings of MCMCC and
GAMDSC can be referred in [3] and [35]. All cases are run by
a computer with a Pentium IV 2.8 GHz CPU.

A. Experiments on Point-Coverage and Area-Coverage
Problems

From the table, MCMCC obtains results that are equal to T
in four out of the seven cases. Seven point-coverage cases with
different numbers N of sensors are tested. The number of
targets is fixed as 10 and the sensing range R is 22 for all the
sensors. Using the same stopping criterion as GAMDSC in
[35], the maximum number of fitness function evaluations for
both GAMDSC and STHGA is 20 100. If the number of
disjoint complete cover sets reaches T , the algorithm also
stops. GAMDSC 1is proposed for solving point-coverage
problems, whereas MCMCC and STHGA can be used for b
both point-coverage and area coverage problems Table I
tabulate the results computed by STHGA, GAMDSC, and
MCMCC [1].

The T in the table represents the upper limit of the maximum
number of disjoint complete cover sets. Because MCMCC is a
deterministic algorithm, it is run only once and the result and
the time used for computation are recorded. In contrast, the
proposed STHGA achieves results that are equal to T in all of
the seven cases. The time used by STHGA is much shorter
than MCMCC in most of the cases except for Cases 5 and 6.
However, MCMCC cannot achieve the optima of the two cases
but STHGA can by using a slightly longer time. In comparison
with GAMDSC, the advantage of STHGA is obvious. STHGA
can find the optima in all of the 100 independent runs, so that
only the mean results are tabulated.

However, GAMDSC cannot always obtain the optima within
the predefined maximum number of function evaluations
except for Case 3, which is the case with the smallest T value.
The best and mean results of GAMDSC are presented in the
table, plus the average number of function evaluations (avgE)
and the average time in microsecond (ms) used for obtaining
the best result in each run, and the successful percentage
(0k%). STHGA outperforms GAMDSC both in the solution
quality and the optimization speed. Using the point-coverage
Case 1 as an example, we analyze how STHGA performs
better than GAMDSC. Fig. 2 shows the average optimization
curves of STHGA and GAMDSC when solving Case 1 within
the maximum function evaluation number. It can be seen that
STHGA finds high-quality results much faster than GAMDSC.
Note that GAMDSC does not use the proposed forward
encoding scheme to chromosomes so that the initialization of
STHGA and GAMDSC is different. In STHGA, all sensors are
initially in the same complete cover set and redundant sensors
are then scheduled to form a new cover set. So the initial
number of complete cover sets is small.
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TABLE 1
Test Results for Point-Coverage Cases with Different Numbers N of Sensors
Cases STHGA GAMDSC MCMCC
TIME (ms,
NO N T M]I\:;A avgE OK% TIME BEST MEAN avgE OK% Té%E RESULT (ms)
1 90 30 30 596 100% 17 30 28.63 19822 8 965 29 31
2 100 23 23 241 100% 5 23 22.83 11939 84 569 23 31
3 110 21 21 156 100% 4 21 21 6141 100 303 21 31
4 120 35 35 422 100% 15 35 355 19899 5 1249 35 62
5 130 41 41 1856 100% 84 41 40.99 10279 99 741 40 78
6 140 44 44 3568 100% 172 43 40.72 20100 0 1550 43 93
7 150 42 42 532 100% 25 42 40.82 19132 24 1517 42 109

The number of targets is 10 and the sensing range R is 22 for all the sensors. The best results among the three algorithms for

each case are bold.

TABEL II
Test Results for Area-Coverage Cases with Different Numbers N of Sensors and Sensing Ranges R
Cases STHGA GAMDSC MCMCC

g N | R | nF | T MﬁA “;g OK% T(%E BEST | MEAN | avgE | OK% | TIME(ms) RESULT TI;‘EZE% {)
1 100 20 385 7 7 93 100 33 7 7 874 100 126 7 1438
2 300 15 673 16 16 509 100 400 15 13.19 20100 0 9713 16 33922
3 300 20 400 32 32 713 100 468 29 26.06 20100 0 10080 32 44047
4 400 10 1556 9 9 598 100 797 8 6.24 20100 0 13764 9 54844
5 400 15 676 23 23 800 100 767 20 16.9 20100 0 13268 23 81766
6 500 8 2400 7 7 878 100 1588 6 4.04 20100 0 17413 7 76296
7 500 10 1586 | 15 15 9223 100 11386 8 5.81 20100 0 18527 15 124922
8 1000 5 6076 5 5 890 100 4534 3 0.89 20100 0 38105 5 263469
9 1000 8 2498 | 17 17 1925 100 5901 6 3.19 20100 0 37830 17 683890

The best results among the three algorithms for each case are bold.
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Fig. 2. Average optimization curves of STHGA and GAMDSC when solving the point-coverage Case 1 (N = 90 and the maximum number of disjoint cover sets
is 30). The inner figure shows more details within the first 600 evaluations, much larger than the number of targets
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In GAMDSC, each sensor is initially assigned to a random
cover set. From the inner figure in Fig. 2, the initial number
of complete cover sets found by GAMDSC is 9, which is
bigger than that of STHGA. However, STHGA soon catches
up and then surpasses GAMDSC because the incomplete set
is continuously completed through the operations in STHGA.
The results demonstrate that STHGA is very efficient. Subset
optimization problem occur in STHGA.

V. CONCLUSIONS

Energy efficiency is of paramount importance in wireless
sensor networks, as sensors have usually limited energy
supply that should be spared so as to maximize the lifetime of
the network. In this paper we discuss the various methods of
scheduling for maximization the lifetime of wireless network.
The problems with STHGA [1] is subset optimization
problems, in which the maximum number of subsets that can
meet. Objective requirements are needed to be identified. Our
focus of work is increasing the lifetime of WSN by
scheduling our proposed algorithm needs a new
implementation method of GAs for the problems. It is
proposed to address issues under the four main heads:

1) Extraction of merits and demerits of existing scheduling
activities

2) Proposing alternate strategy or multipronged methods
for scheduling and simulating them. Computation of lifetime
under proposed mechanism of hybrid genetic algorithm
(Finding the largest number of disjoint sets of sensors)

3) Evaluation of fitness functions as an integration of
multiple performance parameters for different coverage
schemes and optimization of coverage strategy and scheme

4) Developing optimal scheduling algorithm for sensor to
enhance the lifetime of WSN. We presented several
Scheduling schemes and result analysis on point coverage and
area coverage [1] and also find out the problems with
STHGA

VI. REFERENCES

[1] Xiao-Min Hu, Jun Zhang, Yan Yu, Henry Shu-Hung Chung,
“Hybrid Genetic Algorithm Using a Forward Encoding
Scheme for Lifetime Maximization of Wireless Sensor
Networks”, IEEE transactions on evolutionary computation,
Vol. 14, No. 5, October, 2010.

[2] M. Cardei and D.-Z. Du, “Improving wireless sensor network
lifetime through power aware organization,” Wireless Netw.
vol. 11, no. 3, pp. 333-340, May 2005.

[3] S. Slijepcevic and M. Potkonjak, “Power efficient
organization of wireless sensor networks,” in Proc. IEEE Int.
Conf. Commun. vol. 2. Finland, 2001, pp. 472-476.

[4] M. Younis and K. Akkaya, “Strategies and techniques for
node placement in wireless sensor networks: A survey,” Ad
Hoc Netw., vol. 6, no. 4, pp. 621-655, June 2008.

[5] N. Heo and P. K. Varshney, “Energy-efficient deployment of
intelligent mobile sensor networks,” IEEE Trans. Syst., Man,
Cybern. A, Syst.,Hum

[6] J. Aiand A. A. Abouzeid, “Coverage by directional sensors in
randomly deployed wireless sensor networks,” J. Comb.

(9]

[10]

[11]

[12]

[13]

[14]

[15]
[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Optim., vol. 11, no. 1, pp. 21-41, Feb. 2006.ans, vol. 35, no.
1, pp. 78-92, Jan. 2005.

M. Cardei and J. Wu, “Energy-efficient coverage problems in
wireless ad-hoc sensor networks,” Comput. Commun., vol.
29, no. 4, pp. 413-420, Feb. 2006.

Xiao-Min Hu, , Jun Zhang and Yan Yu, “Hybrid Genetic
Algorithm Using a Forward Encoding Scheme for Lifetime
Maximization of Wireless Sensor Networks” Evolutionary
Computation, VOL. 14, NO. 5, OCTOBER 2010

S. Meguerdichian and M. Potkonjak, “Low power 0/1
coverage and scheduling techniques in sensor networks,”
University of California, Los Angeles, USA, Tech. Rep.
030001, 2003

K. Chakrabarty, S. S. Iyengar, H. Qi, and E. Cho, “Coding
theory framework for target location in distributed sensor
networks,” in Proc.Int. Symp. Information Technology:
Coding and Computing (ITCC’01), 2001, pp. 130-134.

L. Ruiz, A. Loureiro, A. Fernandes, and J. Nogueira,chedulin
wire less sensor etworks: A Voronoi approach,” in Proc. Ann.
IEEE Local Comput Network (LCN’03), 2003, pp. 423—-429.
S. Meguerdichian, F. Koushanfar, M. Potkonjak, and M. B.
Srivastava, “Coverage problems in wireless adhoc sensor
networks,” in Proc. IEEE Conf. Computer Communications
(INFOCOM’01), 2001, pp.1380-1387.

S. Tilak, N. B. Abu-Ghazaleh, and W. Heinzelman,
“Infrastructure tradeoffs for sensor networks,” in Proc. ACM
Int. Work. Wireless Sensor Networks and Application
(WSNA’02), 2002, pp. 49-58.

F. G. Nakamura, F. P. Quintao, G. C. Menezes, and G. R.
Mateus, “An optimal node scheduling for flat wireless sensor
networks,” in Proc.IEEE Int. Conf. Networking (ICN’05), vol.
3420, 2005, pp. 475-483.

llog CPLEX source, available in, May 2006.

Di Tian and Nicolas D. Georganas, “A Coverage-Preserving
Node Scheduling Scheme for Large Wireless Sensor
Networks,” In Proceeding of ACM Workshop on Wireless
Sensor Networks and Applications, 2002.

Jackyu Cho, Gilsoo Kim, Taekyoung Kwon, Yanghee Choi,
“A Distributed node scheduling protocol considering sensing
coverage in wireless sensor networks,” 2007. IEEE 66th
Vehicular Technology Conference (VTC 2007), IEEE Press,
352-356, 2007.

Yan Jin, Ju-Yeon Jo, Yoohwan Kim, Yingtao Jiang, Mei
Yang, “EECCP: an energy-efficient coverage- and
connectivity preserving algorithm under border effects in
wireless sensor networks,” Wireless Telecomunications
Symposium (WTS 2008), IEEE Press, 310-315, 2008.

Wang Ying-Hong, Yu Chin-Yung, Fu Ping-Fang, “A
Coverage and Connectivity Method to Cluster Topology in
Wireless Sensor Networks [J],” 21st International Conference
on Advanced Information Networking and Applications
Workshops (AINAW '07). Vol. 1, IEEE Press, 97-102, 2007.
M. Cardei and D.-Z. Du, “Improving Wireless Sensor
Network Lifetime through Power Aware Organization,” ACM
Wireless Networks, 2005.

Mihaela Cardei, My T.Thai, Yingshu Li, and Weili Wu,
“Energy- Efficient Target Coverage in Wireless Sensor
Networks,” IEEE Infocom, 2005.

LF. Akyildiz, W. Su, Y. Sankarasubramanian, and .Cayirci,
“Wireless sensor networks: A survey”, Computer Networks,
38(4), 2002, 393-422.

S. Bandyopadhyay, and E. Coyle, “An efficient hierarchical
clustering algorithm for wireless sensor networks”, Proc.
INFOC.



Mprs. Rakhi Khedikar et al.

[24] S. Olariu, A. Wadaa, L. Wilson, and M. Eltoweissy, “Wireless
sensor networks: leveraging the virtual infrastructure”, IEEE
Network, 18(4), 2004, 51-56. OM"2003, San Francisco,
California, April 2003.

[25] L. Wang and S. Olariu, “Cluster maintenance in mobile ad
hoc networks”, Wireless Communications and Mobile Co
mputing, to appear, 2004

[26] L. Hester, Y. Huang, O. Andric, A. Allen, and P. Chen,
"neuRFon Netform: A Self-Organizing Wireless Sensor
Network", http://citeseer.nj.nec.com/572360.html

[27] C.J. Kaufman, Rocky Mountain Research Lab., Boulder, CO,
private communication, May 1995.

[28] C. J. Kaufman, Rocky Mountain Research Lab., Boulder,
CO,private communication, May 1995.

[29] Lee, Yang Jie presents “ETRI: A Dynamic Packet Scheduling
Algorithm for Wireless Sensor Networks the Two Ties Buffer
model and ETRI packet”.

[30] M. Young, the Technical Writers Handbook. Mill Valley,
CA: University Science, 1989.

[31] J.H. Chang and L. Tassiulas, “Energy conserving routing in
wireless ad-hoc networks,” in Proceedings of IEEE
INFOCOM’00, vol. 1, Tel Aviv, Israel, Mar. 2000, pp. 22—
31.

[32] D. Ganesan, R. Govindan, S. Shenker, and D. Estrin, “Highly-
resilient, energy -efficient multipath routing in wireless sensor
networks”, ACM SIGMOBILE Mobile Computing and
Communications Review, 5(4):11-25, October 2001.

[33] K. Kar, M. Kodialam, T.V. Lakshman, and L. Tassiulas,
“Routing for network capacity maximization in energy -
constrained ad-hoc networks,” in Proceedings of IEEE
INFOCOM’03, San Francisco, CA, USA, Mar. 2003, pp.
673—681.

[34] G. Zussman and A. Segall, “Energy efficient routing in ad hoc
disaster recovery networks,” in Proceedings of IEEE
INFOCOM’03, San Francisco, CA, USA, Apr. 2003, pp.
405-421.

[35] C. Lai, CK. Ting and R.S. Ko, “An effective genetic
algorithm to improve wireless sensor network lifetime for
largescale surveillance applications,” in Proc. IEEE
Congr.EvolComput., 2007, pp. 3531-353.



