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ABSTRACT

Clustering has been widely applied in the large-scale wireless sensor networks in
order to reduce a complication about network management and to enhance an efficiency of the resource
usage. However, the traditional clustering algorithms do not consider the load balancing over networks.
Thus, each cluster head will dissipate imbalanced energy consumption.

Consequently, the algorithm for energy-efficient clustering to balance the workloads
and grid sectoring has been proposed in this work. Grid sectoring will divide the interesting area into
sectors with an equal size. Therefore, the number of node member will be possibly equal. This leads to
have the equal workloads. The study used Networkx and NS-2, which are graph and network
simulations respectively. The proposed algorithm will be tested together with AODV routing protocol.
We have investigated the performance of the proposed algorithm over both uniform and non-uniform
deployments. The other three clustering algorithms, LEACH, ACHS, and EACHS have been chosen to
compare the results with our algorithm.

We found that the proposed algorithm can has load balancing, energy usage balancing
and energy usage balancing in cluster head better than the other algorithms. Each cluster has a different
workload not more than 1.2 kbps which is better than the others about 52.0 percent. While the total
energy in each cluster consumes a different power not more than 28.7 joules which is better than the
others about 50.3 percent. Finally, each cluster head has a different energy usage not greater than 1.8
joules which is also better than the others about 36.5 percent. Additionally, the proposed clustering

algorithm based on grid sectoring can also increase the throughput and the packet delivery ratio.

KEYWORDS: Wireless Sensor Networks, cluster head election, load balancing, uniform and non-uniform

deployment, energy efficiency
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msmuwmﬂmay’mﬂu 10, 5, 2, 1, 0.5, 0.2 1ag 0.1 HWNNANDIUIN NANTTNAADILTAIA

Q13199 U-1 D9 V-3 AUEIAL

= o o Y 1 1y A g 3 9 a ¢
AT NN V-1 2ATINITTVUDYANDNITAIVDYALNDUNNINAUDYANVUIN 20 lliJG]

SUTMS Triua mmé‘lumsdauﬁmﬁﬂ%ga WnHnAeIMN)
doms (a5 AUMa 100 | 5.0 2.0 1.0 0.5 0.2 0.1

5 79.85 | 99.78 | 80.01 | 100.00 | 100.00 | 100.00 | 100.00

10 49.56 | 53.16 | 99.99 | 99.98 99.94 99.80 99.00

15 20.50 | 35.88 | 91.72 | 86.67 93.18 93.14 93.08

10 20 1044 | 2244 | 52.64 | 89.85 89.97 89.96 89.91

25 12.56 | 17.93 | 24.19 | 8225 | 87.87 | 87.64 | 87.61

30 7.04 3.66 24.19 | 46.43 89.97 89.80 89.87
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SUTMS Triua mmﬁumsdauﬁmﬁﬂ%ga (WANHRARIMN)
doms (a5 AUMa 100 | 5.0 2.0 1.0 0.5 0.2 0.1
5 79.97 | 100.00 | 99.98 | 99.98 99.96 99.90 99.80
10 20.53 | 88.99 | 79.99 | 79.93 | 79.89 | 79.92 | 70.06
15 4.02 23.61 | 79.88 | 86.54 79.97 79.95 79.96
15 20 0.05 52.57 | 65.82 | 89.98 84.96 89.98 89.81
25 0.05 28.32 | 48.16 | 79.90 91.93 91.96 91.89
30 10.17 | 16.85 | 30.16 | 76.51 | 89.95 | 86.50 | 89.54
5 2.80 59.96 | 99.90 | 98.94 99.84 | 100.00 | 100.00
10 29.76 | 29.76 | 89.85 | 79.93 | 89.88 | 89.61 | 88.42
15 20.05 0.45 40.51 | 93.21 93.26 93.14 92.94
20 20 0.84 | 2122 | 55.07 | 79.87 | 89.93 | 89.81 | 84.37
25 12.26 0.01 36.36 | 76.10 71.85 87.92 83.85
30 742 | 13.52 | 2132 | 4046 | 84.76 | 89.84 | 82.74
5 0.12 59.97 | 99.88 | 79.97 79.88 80.04 79.68
10 2393 | 49.59 | 69.97 | 79.99 | 80.01 | 79.97 | 79.84
15 006 | 8.61 |46.64 | 79.94 | 79.98 | 79.91 | 66.58
2 20 6.79 31.13 | 24.09 | 64.97 64.94 69.89 69.98
25 1692 | 19.74 | 21.11 | 53.01 | 63.93 | 67.91 | 63.95
30 1349 | 14.01 17.69 | 46.92 56.63 59.83 53.13
5 39.75 | 40.64 | 59.58 | 60.06 | 79.976 | 99.80 | 100.00
10 20.97 | 3994 | 69.93 | 79.65 | 69.792 | 89.76 89.72
15 033 | 19.99 | 40.07 | 46.66 | 53.172 | 66.72 | 73.37
% 20 15.67 | 18.26 | 40.07 | 64.83 | 39.852 | 54.92 59.54
25 1138 | 821 | 3327 | 4028 | 55.895 | 59.84 | 55.84
30 041 0.41 0.02 27.78 53.2 66.58 66.46
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SUTMS Triua mmﬁumsdauﬁmﬁﬂ%ga (WANHRARIMN)
doms (a5 AUMa 100 | 5.0 2.0 1.0 0.5 0.2 0.1

5 99.47 | 99.99 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
10 49.79 | 69.84 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00

15 26.61 | 53.25 | 69.24 | 100.00 | 93.34 93.40 99.80

v 20 10.41 | 30.83 | 68.80 | 94.24 | 95.00 | 95.00 | 94.86
25 10.31 | 6.70 43.60 79.38 95.95 95.62 92.05

30 12.69 | 24.55 | 1496 | 6534 | 96.17 | 96.17 | 96.44

5 5991 | 79.98 | 99.97 99.92 99.80 99.90 99.60

10 39.88 | 49.98 | 89.99 | 89.94 | 89.88 | 89.71 | 89.52

15 18.90 | 41.68 | 74.21 86.65 86.63 86.58 79.69

15 20 15.06 | 29.02 | 70.55 | 75.78 | 76.55 | 78.89 | 69.68
25 12.30 | 20.96 | 40.56 75.02 83.97 83.95 83.45

30 13.89 | 20.03 | 37.14 | 7329 | 86.64 | 86.62 | 76.42

5 5991 | 79.82 | 99.89 99.96 79.86 79.94 79.88

10 20.04 | 40.00 | 79.97 89.86 99.82 99.70 99.30

15 19.87 | 53.19 | 65.70 | 92.94 | 86.51 | 92.77 | 93.01

2 20 0.15 11.37 | 52.48 84.79 84.88 89.88 84.67
25 001 |20.03 | 259 | 63.86 | 87.82 | 83.81 | 83.21

30 391 0.04 12.63 63.14 79.88 73.89 76.28

5 40.02 | 79.83 | 79.85 79.99 99.40 80.04 79.68

10 30.02 | 39.95 | 59.92 59.92 79.95 79.87 79.74

15 21.97 | 29.06 | 59.90 66.64 79.82 79.91 65.91

2 20 14.81 | 20.04 | 4492 64.96 69.94 69.79 65.70
25 11.82 | 20.04 | 32.10 52.01 75.83 79.81 71.14

30 0.01 17.30 | 18.99 52.27 66.56 63.18 56.06
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SUTMS Triua mmﬁumsdauﬁmﬁﬂ%’aga (WANHRARIMN)
Foms (wA3) duma | 100 | 50 | 2.0 1.0 0.5 0.2 0.1

5 29.53 |1 79.88 | 79.70 | 79.87 | 79.90 | 99.60 | 99.80

10 19.95 | 32.48 | 59.98 69.80 | 49.74 59.59 | 60.08

15 0.01 | 20.99 | 39.75 46.51 66.54 | 66.09 | 45.94

% 20 524 | 21.82 | 3495 | 4991 59.84 | 59.80 | 49.60
25 16.03 | 15.97 | 31.64 | 32.05 43.91 47.92 | 43.76

30 10.11 | 16.65 | 24.15 | 36.69 | 56.55 59.80 | 46.24

m3d ¥-3 sanmssudeyademsdeeyailoudinfindoyaiiving so lud
32833 Tviua mudlumsdainifindena (windnde3nd
Eéﬁ’)ﬁ']ﬁ (a9) AUMA 10.0 5.0 2.0 1.0 0.5 0.2 0.1

5 59.85 | 99.91 | 99.93 | 99.92 | 100.00 | 100.00 | 100.00

10 39.80 | 49.73 | 99.98 | 99.96 | 99.92 99.80 | 99.60

15 20.31 | 40.00 | 58.87 | 99.96 | 99.92 99.80 | 99.47

o 20 20.00 | 25.06 | 54.70 | 94.97 | 94.94 94 .85 94.66

25 836 | 12.77 | 48.53 | 68.52 | 95.95 95.88 95.20

30 10.26 | 22.11 | 18.02 | 72.72 | 96.63 96.58 93.14

5 79.92 | 99.91 | 99.91 | 99.88 | 99.72 99.80 99.00

10 29.96 | 59.98 | 60.00 [ 69.99 | 69.87 69.93 70.06

15 15.30 | 30.35 | 73.27 | 73.28 | 73.30 66.69 73.30

® 20 10.22 | 30.22 | 74.88 | 69.97 | 74.94 70.01 64.89

25 12.40 | 13.23 | 47.97 | 70.23 | 79.98 79.91 75.82

30 8.66 | 9.28 | 31.38 | 63.81 | 83.29 83.29 83.14
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ATNN V-3 DATINITITUVDYANDNITETIVDYAUNDUNNINAVDYANVUIA 80 l1‘]J$§I (919)

32833 Tviva mudlunmsdaninifindena awinfnde3ind
i?'ﬁ’)ﬁ]i (a9) AUMA 10.0 5.0 2.0 1.0 0.5 0.2 0.1
5 59.02 | 79.81 | 99.92 | 99.78 | 99.52 99.50 99.20
10 2430 | 39.89 | 89.91 | 89.96 | 89.72 | 99.50 | 89.72
15 0.04 0.05 | 7896 | 99.93 | 93.20 86.54 86.42
20 20 0.02 | 2499 | 3493 | 89.91 | 79.92 | 9493 | 74.78
25 4.83 0.43 | 17.01 | 67.79 | 8791 86.51 80.30
30 8.82 | 12.95 | 33.44 | 56.35 | 73.22 79.86 50.27
5 54.11 | 79.78 | 99.80 | 99.62 | 99.84 | 60.00 | 79.68
10 25.62 | 40.00 | 59.96 | 60.01 | 69.85 59.94 79.54
15 0.06 | 7.00 | 46.57 | 66.60 | 53.33 59.96 | 59.99
% 20 15.08 | 24.53 | 34.99 | 49.96 | 44.96 49.90 | 49.80
25 9.12 | 28.14 | 3591 | 43.96 | 5598 59.92 | 55.88
30 6.86 | 8.10 | 25.16 | 43.33 | 56.65 56.61 53.33
5 34.06 | 39.97 | 79.69 | 79.93 | 79.90 79.94 | 100.00
10 0.00 | 49.85 | 59.77 | 49.88 | 69.53 4990 | 59.48
15 0.00 | 13.39 | 26.65 | 46.62 | 46.60 53.26 52.93
3 20 0.00 | 0.25 | 2497 | 4494 | 4490 | 4490 | 49.60
25 0.00 | 12.11 | 20.94 | 23.94 | 47.96 43.78 55.60
30 0.00 | 13.49 | 23.84 | 18.60 | 46.54 49.75 49.63
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Crid Sectoring: A Cluster Head Election for Load Balancing
over Wireless Sensor Networks

Anirooth Thonkln
Computer Engineering Depanment, Faculty of
Engineering, Prinoe of Songkla University
Hat ¥ai District, Senkhla Provinee, Thailand
aniroothi gmail.com

Abstract— In order 1o handle with large-scale Wireless Semar
Networks and to provide ellicient energy consumplion, the
netwark is divided into smmller dusters. Each cluster inclwdes
ita cludter head responsille Tor major activities. However, this
netwark sl wndergoss shori=lived Tunction due W several
o rpinds, Consequently, this mper proposed a cluster head
dection called Grid Sectoring to distrilute the load bolancing
wer Buth uniform and son-wniform dis persion by dividing a
grid network aees into egual-sized clusters. o other words,
theere will s equally distribution of e oumbser of member
noabes anad lodd Balancing in each duster, Aa a risull o clusler
failwre can be resisted because there will be po cluster bead
tlies before the others. Moreover, Uhe selected cluster hends are
lcated nearest Lo oa centre ol clusters in order W distrilale
bad balancing and o incresse cluster bandwidih. Further,
meclumisms ol the cluster head election in this proposed can be
dome by base station o sove network energy due o node
corres pondences, Furthermore, the reults nol only verilled
that this proposed algorithm could distribute lod balancing
Betber tean LEATH, ACHS, ol EACHS, but also implied that
Hee proposed could extend the netwaork lifelime even more

Keywords= WAN; cluster head electivn; member balancing;
rfwand fifetime; wnd ol bafancing; monewn fiarm dispersion

I. [NTRODUCTION

Currently, 2 Wincless Sensor Netwark (WSN) is widely
emplovable for variows ficlds and purposes. This network
composes of 8 large number of modes collabomating with
ach other for the same objective. Lastly, information
collected by sensar nodes is periadically transmitted toward
o base station (BS), Since a larmge number of sensor nodes,
the lowest cost for node invention makes node be extemely
constrained such as poor commumication range, inferior
@pacity, low computing capahility, and short life of enerzy
msovree, Mormally; the nodes can either be scattered or be
paced by hand throughowt in an area of interest called a
monitored arca, However, it is possible to place the nodes
without random dispersion unless there will be such a large-
volume nodes, Furthermore, in large-scale network, it is
difficult to deal with dense nodes withowt complexity
avoidance and high energy consumpiion, As a mesult, the
whole network cannot stay alive 1o saccomplish its mission
far much longer dee to running out of enenzy [11

U7 R o2 TR ST 20 D O 2011 [EEE

W, Suntiamaorntut
Computer Engincering Department, Faculty of
Engineering, Prince of Songkla University
Hat ¥ai District, Sonkhla Province, Thailand
wannamarEooe, pe.ac.th

In the large-scale network, both metwork congestion and
dma collisions will waste nevwork enetgy exceedingly and
make ithe network become shon-lived. Conseguently, the
clustering technigee is imtmduced in order to cope with
cnormeous data, 1o archive high energy efficiency, to provide
more wetwaork scalability, and to prolong the metwork
lifetime. In cluster-based network, the networks are
partitioned into smaller clesters. There is 8 cluster heads
{CH) in cach cluster which is responsible for -major
activities, E.g., collecting sensed data from member nodes
(MN), removing duplicated data, compressing data into
smaller size, and transferting data to other CHs along the
way as the shortest-path toward the BS. As long as there are
alive modes existing in the network, the nodes which have
never been CH will each take turn to be CHs [2, 3] In other
wards, the CH plays such an imponant roke, Hence, the
cluster head election will directly impact to the entim
network performance as well as energy efficiency.

A stedy's point of view is, to equally distribute the load
balancing “in-each cluster over ‘both vniform and non-
uniform dispersion. The study divides monitored amca into
egral-sized clusters as cake cutting, Intuitively, if the major
nados in network are disporsed wmiformly, dividing into
egueal-sized clusters will give a number of MNs incach
cluster evenly. Thereby, every CH will consume the energy
cwenly and there will be no CH nmning owt of energy before
the others, Furthermore, whichever node is located neanest
iy the cemter of cluster, it will probahly be chosen to be CH.
the mochanism of cluster head election can be done by BS
to save energy, Therefore, it is high possible that every
cluster can evenly distibuie load balancing. In summary,
the study’s restlts in erm of the standard deviation of the
rumber of MiNs and the hop count can reasonably be
examined that the netwark lifetime can be extend even more

The rest of this paper is structured as follows, Section I1
briefly deseribes and discusses some relevant algorithms of
clustering. Section [ then introduces the proposed algorithm
called Grid Sectoring, There is the key idea as well as the
solution of the Grid Sectoring: Next, section IV presents the
network performance evaluation. This section incluedes the
network sconarnios, experimental reselts; and the performance
aralysis as well Finally, the study even concludes in section
% and plan forthe r.cxfstudi_.-‘ i gection VI respectively,

V=i
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Il. RELATERWORK

LEACH [4] has becn a classical algorithm of cluster head
dection; the author wishes 1o prolong the netwark lifetime
v distributing the energy load evenly among the nodes in
the network. The nodes cach form themselves into ¢lusters
and there is only one CH in each cluster at a current roend,
By the time that the nodes are new dispemed in the
monitored anea of cluster head cycle time emds. Each node
will initially generate a random mumber between O and L.
Then, it will detcrmine itself ifit can be the CH or not by
comparing the peneraied number to 2 theeshold, IF its
numbher is less than the threshald, it can be a CH mreadily.
Aficrwand, the clected nodes will broadcast 3 message 1o the
ather nodes located near to them to Barm new clusters:

The drastic problem of LEACH algorithm  neay
sometimes be cassed by the event that the clected THs ame
located near an edge of the monitored area, 50 it ¢an wastes
cnoTgy inefficient. Because thewe are fower numbers of the
nwdes around those CHs than the event that the CHs are
lcated near a cemter of the clusters, This problem can
incredse an avemge distance between CHs and their MNs
which dircetly mlates 1o hop count. The more hops a
message Taversss, the more resouroes it consumes harshly.

LEACH-C [7] improves LEACH to enhance the netwark
[ifetime even more, In LEACH-C, the CHs am selected by
the BS which halds infinite computation-power and infinite
encrgy in onder to save the network energy, The BS cannot
perfom clester head election propery unless it holds the
location amd encrgy of all nodes transmitted to the BS
before. Thenchy, acconding to the enerzy information of all
nodes ineach cluster, the BS can determine whichever node
holds the stromgest energy; it can probably to become CH.
The outperforming of this algorithm ame redocing an energy
consumption and extending the network lifctime as well.

In LEACH and LEACH-C, the authors proposed the
algorithms of clester head election for distributing load
halancing evenly, Likewise, ACHS [5] and EACHS [6] are
moposed in another way which the mumber of Mis in each
duster are regarded. The key idea of these algorithms is, if
the nembers of MMs in every cluster are egually, it will be
Eagible that both the metwork load and the energy
dssipation will be probably equal highly, Initially, ACHS
and EACHS stan selection by LEACH algorithm followed
by their reselection algonthm. Each CH uses another
nearest CH and the farthest MN in its clester to deermine a
mew suitshle CH, In additionally, EACHS improves ACHS
by calculasting only the clusters which is different from the
average turnber of Mis for 10 per cent) it can save time
and energy for m-sclection. The resuli showed that the
network lifetiree could be increased,

Meverthebess, ACHS and EACHS may not distribute the
nodes in each ¢lusier agually due 1o the random selection
with probability. Funhermore, each round of selection will
spend twice which it wastes much time and more energy. In
additional, the dmwhack of selection by random with
probability can be cavsed by disappeared CH regions when

slocted CHs are scattered in the network esnewenly. This
mablem resists distributing the load balancing efficiontly.

The grid ¢lestering algorithms [8-11] ane proposed to
awvoid complication for cluster formation; these algorithms
not only benefit in the large-scale network with the simple
way, but firther improve the load balancing of the entine
network even mone, The monitored arca is basically divided
imto minor grids {smaller grid), Each minor grid i a cluster
and conmins the same size a5 the others, Whenever the nodes
in the network are dispersed uniformly, itis possible that the
number of MMs in cach clusier is evenly as well, In [E], a
proposcd has been determined a suiable gnd osize by
considering 4 transmission mge. Funhermaore, in [¥], an
author proposed how to relay the messages from one grid 1o
angther grid toward the sink by choosing the best optimal
next behop rousting pathvia multi-hop fshion,

However, the discussed isswes each ignore the suitahle
lozation of CH ineach cluster. The location of CH can avoid
the cluster failure and can provide more bandwidth for intra-
cluster commumnication. This is dee to the fet that the nodes
amund the CTH will highly consume the energy and will die
fimst, Hence, the CH located nearest to the center of clusier, it
will be ahle to be surmounded with many more modes,
Thereby, it not only distribite load balancing, but also resist
clester filume even more.  Additionally, their finctions have
not been proven so far for the non-imiform dispersion yet.
Moreover, the drawback of the grid clestering [B-11] is, the
monitored srea can be divided into minor grids with some
number suchas |, 4,9, 16, 25 ... or o only, where n iz the
positive integer. For this restrictive number, it is handly
possible to divide a 1™ minor grid into 2 minar Erics with
dstributing the MMs evenly in the non-uniform dispersion,
In: pther words, some grids contain a lot of nodes, but some
contain a few number. Thus, the solution like gnd clustering
anly will be not switahle for the non-unitorm dispersion.

[E. GRDSECTORING

A, The Key Mdea qf Grid Secraving

To prolong the network lifetime, the algorithms [3-6, 10]
consider distributing the number of MMNs in each cluster
evenly. Henoe, the study proposed the Grid Sectoring which
aims at the same pupose. In the uniform dispersion,
whenever the monitored area is divided into clusters, and
overy cluster holds the same size; it is feasible that cach
cluster holds the same number of MNs as well. Thereby, the
network will distribute lpad balancing evenly and none of
the CHs will absent before the cluster head eycle time ends.

As mentioned in the objectives above, this stedy
proposed such an algorithm to form eowal-size clusters by
dividing the sgeared-grid network area into equal-sized
sectars. In-this proposed, the Grid Sectoring algorithm, sach
seotor is denoted a cluster divided by the simple way similar
© cake cetting. Nomally, in cake cutting, everyone iz also
experienced that it is always possible o fairly divide a cake
among ©n people, Hence, in the squared-grid amea, it can
divide with the same way, 4 mumber of people mentioned in
cake cutting represents 1o the desired number of ¢lusters.
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After the metwark is divided into sectors, the center of
seotor called centroid will be marked. Then, a node located
neamest to the cantroid in each cluster will be selected to be a
new CH. As the CH is located nearest to the oenter of
cluster, the network load and encrgy dissipation will be
managed: efficiently. Hence, the simple way for calcelating
the cemiroid and searching for the approprate CHs is
combined and demilsin the next sub-section B. 3) as well,

To perform: the proposed algorithm for cluster formation
efficiently, Both cluster formation and ¢luster head clection
should has been done by BS. bt can save the network encrgy
ard reduces the complication of network coordination even
more [7]. The BS holding the infinite energy and powerful
computation  is resporsible overall activities of cluster
Drrmation. n the event that some selected CHs do not exist
i the clusters, the BS can re-search for the now seitable
CHs mpidly with little energy consumption,

In the mon-umiform dispersion, the wse of grid clustering
is mot possible to ovenly distibute the mumber of Mds in
@ch minor grid, dee to fact that the mumber of divisions
will be limited. In other wonds, there are n minor grids can
be divided such as 1, 4, 9, 16,....respectively, Themfon,
this proposed algonthm provides better way in this case.
The comparnng figure between the typical Grid Sectoring
and the general grid clustering are illustrated inthe Fig. 1.
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In large-scale nom-eniform  dispersion, before  the
monitored arca is divided imo-sectors, it will be divided into
sveral minor grids first. At this time, each minor grid may
contain the differeni number of MNs. Hence, the BS then
continues dividing each minor grid with a seitable mumber
of sectors depending on node density, Whichever minor grid
contains dense npdes, it will be divided inbo many sectors
oven more, On the contmary, spamse network, it will be
divided imto fewer numbers of sectors at once, Therchy,
@ch cluster will contain such the number of MMs equally,

Furtbermone, The Grid Sectoring docs not depend on any
routing and any commumication fashion such as single hop
o malti-hop rosting, The popuelar roetings for WSN can be
i5od to accompany with this proposed algorithm and do not
impact o its mechanism, Neventheless, the Grid Sectoring
will have heen done satisfactorily when the network
contains the location-base and energy-awan nodes,

B The Grid Secraring Safurion

1) Merwaork. Parririon: Ohaning to the Grid Sectoning
performs better on the sguare-grid network and the nodes
are sometimes dispersed non-uniformly, Thus, the network
should be divided into several minor grids firstly. The
number of minor grids depends on the node density. The
study provides the BS to hold the position of the cntine
nodes, [ can determine the suitable number of minor grids
by adapting an NaN matrix to store the node distnbation
information, the values of the matmx elements am depended
on the mmber of nodes that even fall into:the grid [12]. &t
can be clearly revesled in Fig. 2, this matrix store the nodes
presented inFig, {right) for 1*minor grid division,

o 2
13
Figara 2 A typical dissiomion af andes fallmg imo o 32 mamie
) Crid Sectoring Algorithm: As the monitored area has

been divided into minor gnds, ecach grid will go on
computing the Grid Sectoring with the suitahle nember of
sectors. The perimeter (p) of a grid of interest. in the Fig. 3
will be divided into m equal length {I); wheme ris a reguined
number of sectors depending on node density. Hence, the
perimeter {p) is divided by x and the result is a length ().
There is an aquation to understand being secas (1),

pim =L {1

On a contour line in Fig. 3, when the lines are drawn
from by which is the end point-of each length () toward the
cemter of grid (2], the rsectors will be established, Thereby,
overy scctar {a.) will absolutely contain the area size cgually.
The Fig. 3 can clearly illustrate how the Grid Sectoring even
divides any grid anca into egeal sectars,
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Figars. 1 Tz g dividing winth equa] cloaner sk af e Grid Saczaning.

To prove the size of cach sector s the mentioned before,
the study supposed that the grid as seen in Fig. 3 kas 20x20
m? size, the porimeter (@) is 8D meters long. The required
mumber of sectots (n)is 5, thus the length (i) afier p is
divided by ris B'3= [6 meters long. In thiz supposed, cach
idcal sector-amea should be { 20020)/5 = 80 m? size. Also, the
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typical triangelar area a; in Fig. 3 has acteally 0.53x16x10 =
80 msize and it is the same size as the other sectors.

F) Clusrer  Cerfrafd  and Clusrer Head  Elacrion:
Whenever the CHs ame locawd near the center of their
dusters, they will be surrounded with many more nodes.
Henee, it is possible to increase bandwidth significantly and
lnad hatancing will be disributed efficiently. The study also
ks into the center point of cluster that called centroid,
Thas, the centroid of polygon-arca can be caleulated simply
with the centroid formula of polygon which isset in {24,

Fams L

1
Gy = F-::il g[rl +IJ+L]|:,T= Wisi — Tiey W)

1 &
Cy = =7 Z{HF+ Wort) (T8 @i = Tigr )
fid =0 {3
R s :
J==% -
9 %}{Ir Hirr— Tin #i) @

[t is necessary 1o caleulaie the amea (4] of the polygon
arca of interest by the formula {4) firstly. From this area, the
sudy also gets the centroid position . Oyl According 1o
these formulas, the study can mark whene the centroid poim
is by knowing the overall vertex point {30 of the polygon
mea, Therefore, the stedy applies such this algorithm in
order to search for whichever node located neamst to the
centroid will become the rew suitable CHs, In other words,
whichever node even holds such the shartest distance to the
ocenimid, that node will sudden be anew CH of that eluster,

4} Bowndery-Considering: By the time that the Grid
Sectoring has already boen sclected and the CHs located
ncarest to the cenimid in every clusters, cach CH will
Wroadcast a chester ‘boundary-notation towand  the - other
mades nearby, This nomtion contains the cluster head 10 and
the set of cluster boundary-information. The other nodes
which receive this notation will consider themselves
whethier they are it that cluster arca or not. Hoso it will
sipdden join in that cluster. The typical set, [o, by, by, by} of
cluster boundary of the cluster ayare shown in the Fig: 3.
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Figare. & The fypica] aof bomdery checking

The mnode  which receives the clester notationm will
determine itself whether it iz inswech the cluster ama or ot
by calculsting the summation of every angle. These angles
@n be eleardy revealed in the Fig. 4 such as the cluster as,
there are four angles (g fo @y around the considering node.

These -angles are also ealeulated by applying the law of
ocosine. If the summation of the all angles is close to 2m as
scencin Fig. 4 {4), this node cerminly ensure that it is in that
cluster and it will join in that cluster suddenly. On the other
hand, if the summation is more than 2 as seen in Fig. 4 {h),
that node demonstrates itself that it is not in that cluster arca.

I'V. PERFORMANCE EVALUATION

This section, the stedy compared LEACH, ACHS, and
EACHS. to the proposed algorithm, Grid Sectoring. In order
to investigate the Ipad balancing, the stedy also evaluated
the performance by using perfrmance metrics such as the
standard deviation of the mumber of MNs in cluster, as well
as kop count estimated by the average distance between ihe
CHs and their MMs 85 compamtive @ctors respectiviely.
The whole implementations are verified via Networks
which is a gmph simulator. A srapshot of a reselt of Grid
Sectoring is shown in Fig. 5. There are 120 nodes scattercd
over the umiform network. A grid amca is divided into 6
sotars and obmins 6 CHs located nearest to the centroid.

Figare. 8 The soagshor of Ginid S=ctaring algaridm

A Bimulation Scenario

The metwork topology is organized by dispeming the
nodes randomly with geometric distribution. The  study
simaulates these algorithons with 100, 200, 300, 400, and 300
nodcs in the area of interest o a 100k 100 m’ size. Thew am
about 5 per cent of CHs in the entire mpdes 4], The munber
of CHs depends on node density as seen in Tehle L The gmy
colarin this table is an environment of the Grid Sectoning
only. For gach experiment, the study iterant simuolated for 20
times,

TABLE] THE Nipsgen OF CH S DESENTED O NODE DEwETTY
For Grid Sectoring The Sumber of CHs
ol e Thi N
Denshy | Awssberar | o T o | G {ithgs é“;l’:
{miodag) M - Semorig | Adgoniies
G s Seetwen
100 1 5 ] =% L
200 1 10 10 =10 2%
] < B 14 =18 133%
] < 3 ] =20 L
] < [ £ =24 480

To measure the performance of the proposed algoritho,
the first scenanio, the sthidy counted the mumber of MMs in
cach cluster and evaluating the standard deviation. The
munher of CHsis 3 percent ofthe totel nodes, For instamee,
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there are 100 nodes dispersed in the network: wniformly;
there will be 5 nodes becoming CHs, Thus, the rest 95 nodes
will be MNs. Therefore, each cluster should contain 95/5 =
19 Mis, The study wsed |9 nodes to compare 10 the result
of the average number of WMNs for each algorithm such as
LEACH, ACHS, EACHS, and the proposed Grid Sectoring
1o get their standard deviations. Lastly, the study necds to
evaluate hop count estimated by measuring the avemge
distance between CHs and their MNs in each cluster.

B Performance Anaiysis

The first scenario, the shedy obtained the nesidlis of
average standard deviation among four al gorithms as shown
in Fig. 5 and Fig: & which the experiments contain 100
nodes and varied nodes between 100 and 500 respectively.

Srandard Deviation of Nisnbar of tha Membaer Nodas

-
=

e |

Standard Davintion {rember of nades)

T
i

H Hi e ]

Figare. £ §aandard deviztion af S mamber of ¥iNs with, 100 nodes.

The chart on Fig, 5 shows the average standard deviation
of the nurmber of MNs in every cluster among four
algorithms with 100 nodes. Though at varving values of
standard deviation, it is projected that LEACH will have the
highest waliee at 7.56 followed by ACHS and EACHS. The
value of standard deviation for both algorithms is closely at
3,56 and 3,58 respectively, The Grid Sectoring, by contrast
with the lowest projected value at 2,96, Furthermomr, both
the resuli indicated that the proposed algorithm provide
mare reliable in number of Mis equally. Inadditionally, the
study then simulated in many more sodes varied between
100 and 300, the resulis are illustratedin Fig. 6.
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The gmph on Fig. 6 provides information abowt the
standard deviation of the number of MMNs among four
algorithms with the varied node density, The value of
LEACH, ACHS, amd EACHS go wp by varying degree.
LEACH fluctieated wildly between 7.56 and £.52, ut the
rend was vpward 1o 9,43 in 500 nodes, The similar patterm
i repeated for ACHS and EACHS; their values ‘both are
epwand from 3.56 to 7.13 berween 100 nodes to 200, but
after that the values fall steady and then climb gadually. Tt
5 Blso moticeable that EACHS" walue is comparable to
ACHS™. But in 500 nodes it overtakes ACHS" value to 7.18
a little. By contmst, the Grid Sectoring is the lowest degree:
its valse incroases steadily from 2,96 to-3.50 between 100
nodes and 200 and then levels offabout 3,56 1o 300 nodes.

The last scenario, the study obtained the average distance
between CHs and their MMNs for cach algorithm with 100
nades in the networks. The results ane illestaied in Fig, 7.

Aeorage Distance between CHs and their MNs
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Figare. T Theaverage disuace berwzen CHs and Seic Wa with 100 nodes.

The chant on Fig. 7 provided information sbowt the
average dismnce betwoen the CHs and their MNs, The dat
as seenin Fig, 7, LEACH has the furthest average distance at
2120 meters long, whereas in comparison with the avemge
distance of ACHS and EACH is slightly lower. The average
dstance for both ACHS and EACHS is closely at 20,80 and
2070 meters long respectively, The Grnid Sectoring, by
contrast, is the shorest average distance companed o the
others at [R.00 meters long. Themafier, the study continses
simulating in varied rodes between 100 nodes and 500,
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The chant on Fig, B provided informarion abowt the
avemge digance between the CHs and their MNs among
four algorithms with varied node density. For every
algorithm, the distances @11 dramatically between 100 nodes
and 300 but afier 300 nodes the mie of decrease 'is
significantly slower than the previoes density. As regands the
fist, LEACH, by comparison, expericnces a contineal drop
in length between 100 nades to 300, 219 meters long and 9.7
mspectively. The same pattern followed by the distances of
EACHS and ACHS, ther are close degree in distances for
cwery vared node but their degres are lower.  The (Grid
Sectoring, the figures show such a downwand trend over the
period RO 1o B4, thero is the lowest degree in distances.
From: the data in this chan, the disances go downward with
the increasc in node density. This is due to the fact that, in
the denser netwaork with the fixed size of the anea of interest,
the mare. nember of CHs the network containg, the smaller
the clester size is. [ summary, this proposed algorithm is
also verified reasonably that it can give the shortest distance
which directly relates 1o the smallest number of hop cotnt.

W, ComCLLUSIONS

The proposed algorithm, the Grid Sectoring is a simple
concept for the elusier head election irrespective of how the
nodes in network am- dispersed. The- first reselt even
ndicated ihat ithe proposed algorithm provided such ihe
lowest value of the standard deviation, it will experience
that the proposed algorithm can egually diswribute the
number of MMs betior and can inorcase the load halancing
oven more. Then the second mesult of the avemge distance
between the CHs which located neanest to the centroid and
their Mivs can overcome the other algorithms with such the
shortest average distance. In general, this distance directly
invalves the hop coumt significantly. Consequently, the
decreased distance of the proposed can reduce such the hop
ommt and also decrease the rmesoume consumption
drastically. Moreover, the msulis of the proposed can
perfome significantly betterin the large-scale network.,

As both resuls mentioned above confirm that the
poposed algarithm, Grid Sectoring, can distribute. taffic
koad in such the network efficiently as well as even prolongs
the greatest overall netwark lifctinee actually. Furthermone,
the Grid Sectoring mechanism which has been done by the
BS with simple way will be able to save such network
msoeres, hothtime and enersy, oven more,

WI. FUTURE WORK

The study will alsa implement the proposed algorithm via
Metwork Simelator 2 oand verify how the Grid: Sactoring
impacts w0 the metwork performance about the network
lifetime over both large-scale and non-uniform metwork. In
ader o cxtremely exiend the network lifetime, the study
mgards the resideal energy 1o bocome CH and the distance
hetween the CHs and BS inorder to be decided how many
scotors 1o be divided., This is becawse of this distance
concems about the efficiency of load and energy dissipation

reasonably in the network. In other wond, the clusters
lozated nearest to the BS will spend drastically energy due
© rolaying a lamge volume of messages. Therefore, the
rearer the BS the clusters ame, the more number of chusters
the region around the BS & divided,
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Abytrmor—Energy elliciency is the impoartant key for Wireless
Sendor Metworks. To achieve long lifetime in large-scale
metwork, the wetwork & divided imo several clusters: each
duster ineludes 18 cluster head responsible Tor every activities
which impact w network performance. Conseguently, this
sludy proposes o cluster head election scbeme called Creid
Sectoring o increase distribution of ad balancing aver oth
wtiform and noe=enilform deploy ment by partitioning a grid
melwork area inbo egueal-siced dusters. In other words, cach
duster will egually distribute pwmber o pode memler amd
enhance load Balancing, Moreover, the study provides the
selected cluster heads which are located nearest oo center ol
wch cluster in arder W enhanee s tribtion ol Toad balancing
m well. This position of selected cluster heads will be

swrrownded with many noades 1o redoce Lhe botleneck problem.

Furthermore, the results not only verified that the proposed
dgorithim cowhd distrilaute load balascing beter than LEATH,
ACHS, and EACHS, but also implied that the proposed cowld
extemd the networ k performance awd the petwork litetime even
IIHITE,

Keywordve WEN; cluster fhead election; member balancing;
B Bufameimg: wriform oo o megrifora depfoymens

L INTRODUCTION

In a Brge-scale wircless sensor metwork (WENs), the
dustering play a significant mlke for relisble and encrmy
efficient dats dissemination, bn olester-based network, the
netwaorks are paritioned into smaller clusters, Ther is a
duster head {CH) within each cluster which is maponsible
for most activities, E.g., inra cluster communication, data
aggregation, and inter ¢ lster communication, Mormally, the
modes which have never been CH will take nemto be CHs [,
2] to balance the network energy, Hemoe, the cluster head
dection is such the main finction to erharce the notwork
rerformance a5 well as energy efficicncy in advance,

A study's point of view ik, 10 cqually distibute the load
talancing in every clusters ower both uniform and non-
wmiforme  deployment.. To achieve this goal the study
contribute- a * simple; load halanced, encrgy-cfficient
algorithm of clusier head election over WEN by dividing the
area of interest into egualsized clusters as cake cutting,
Ituitively, if the most nodes in network are uniformiy
deployed and all clusters are similar in size, the mumber of
member nodes (MNs) in cach clusier can be momre evenly
dstributed. Thereby, every clusier will distribwie  load and
consume encrgy ogually. Thus, them will be no CH minming
out of enerzy before the others, Furhermore, to distribute
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neore Inad balancing and energy efficiency, the study tske the
location of CHs into account by choosing the CHs |ocated
neanest to center of cach cluster and provides the proposcd
mechanism done by BS to save erergy. In summary, the
study’s results can reasonably be examined that the proposed
scheme can overcome other algorithms such as LEACH,
ACHS, and EACHS in term of load balancing.

The rest of this paper is organized as follows. Section [T
bricfly discusses some wlevant algorithms of clustering.
Bection HI then introdeces the proposed algorithm, Grid
Sectoring. Next, section IV, the study presens the netwaork
performance evaluation. This section includes the network
scenarios and experimental results, Finally, the stedy has
beenconcleded the proposed algonithm inseetion W,

I, RELATEDR WOREKS

LEACH [3] has been a classical algorithm of clester head
election; 1o prolong the network lifetime by distributing the
eneTgy load evenly among the nodes in the network. The
nodes cach form themselwes into clusters. In set-up phase,
cach node assigns itself 8 probability which is a mumber
betweoen 0 and |. I this probability iz less than a predefined
threshold, then that node beeomes-a CH. However, theme ane
some problems abowt this algorithm. Tt is sometimes cavsed
by the clected CTHs located mgar an cdge of the arca of
interost, 0 it can wasies encrgy inefficient and it sometimes
produces CTHs closer to cach other that makes the clusters
imbalanced in em of the number of MNs and loads.

LEACH-C [6] improves LEACH to enhance the network
lifetime. The selected CHs ane chosen by the BS which halds
infinite computation-power and infinite energy in order to
save the network energy. The BS can determine odes which
hold the strongest energy; they can probably be CHs, The
outperforming of this algorithm s  mducing encrgy
corsumption and extending the netwaork lifetime.

ACHS [4] and EACHS [3] are proposced to enhance load
halanced clusters: the number of MM within sach cluster is
ken into account. IF the numbers of MMNs in every cluster
ame egually, there will be feasihle that both the netwaork load
and the encrgy consemption will be probably cgual highly.
Initally, ACHS and EACHS san selection by the same way
as LEACH algorithm, and dey then me-select the new
=witable CHs by determine 3 nearest CH and a farthest MM
for every cluster. EACHS improves ACHS by mo-sclecting
only the clusters: which differ from the average m=mber of
MMNs for [0 per cont to save time and energy.
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Mevertheless, LEACH, ACHS and EACHS may not
dstribute the nodes in each cluster equally dve to the
prohabilistic random sclaction, Furthermore, LEACH can
produce CHs closer to each other and ACHS and EACHS
algorithms wse twice times a round of selection that will
spend much time and much more energy. Inadditonal, the
dawhack of probabilistic mndom selection is cavsed hy
disappeared CH megions when selected CHs are scatiered in
the network unevenly, This problem even resists distributing
ofload balancing and enerey cfficiency drastically.

The algonithms of grd clustering [7-10] are proposed to
avpid complication of clester formation; these simple
algorithms not only bemefit in the large-scale network, but
further improve the lpad balancing even mome. The area of
interest is  basically divided into minar grids  {(smaller
sqrared-grid), Each minor grid iz a cluster area and holds the
sme size as the others. In uniform deployment, there will be
possible that the number of MNs it each cluster is evenly.
Zuang [7] has been deermined suimble . grid size by
considering a tAnsmission rage. Fumhermore, Liu [E]
proposed how to relay the messages from one grid to another
gid toward a sink by choosing the best optimal next k-hop
puting path via multi-hop fashion with energy efficiency.

However, the discussed isspes each ignomne the suitable
ecation of CHs where CHs can provide more bandwidth for
intra-~c hester communication. Normally, the modes arovnd the
CHs will highly consume the energy and will die fist Hence,
ihe CHs located nearest to the center of each zluster will be
dhle to be semounded with many more nodes. Thereby the
wuting paths tothe sicks {every CH) will be distributed o
resist bottleneck problem. Additionally, their fisnctions have
not been proven so far for the non-miform deployment yet:
Lastly, the drmwback of the grid clestering is, the area af
interest can be divided into minor grids with limited rumber
suwchias [, 4, 9, 16 25 oro.

L GRID SECTORIMNG

A The key Men of Grid Sectaring

The study vsed the similar idea as [4-3, 9]. That is, if the
duster are similar in number of Mis, loads can be maore
ovenly distributed within each clusier. Hence, the stsdy
proposed the Grid Sectoring & whick aims this idea majaorly.
The study assomes that the nodes in metworks contain
lozation-awarne sensoms like Global Positioning Sensor (GFS)
o sutficient archive the proposed algorithm, [ the wnifem
deployment, 1o obtain the same siac of all clusters, the area
of interest should be divided into equal-size clusters; cach
duster canalso hold the same number of MNs a5 well.

Girid Sectoring, the squared-grid area will be divided into
equal-sized scctors, each sector is denoted a chster divided
by the simple way similar to cake cutting. Entuitively, in cake
aittinge, everyone is also experienced that it is always
possible to firdy divide a cake among n people. Further,
Grid Sectoring produces CHs nearest to the center of their
dusters o distribute load and energy dissipation efficiently,
Ta achieve this: goal with encrgy efficiency, both cluster
Ermation and clester head election should kas been done by

the- BS only in order to save the network encrgy and to
redeee the complication of retwark coondination [8].

In non-pniform  deployment, grid clustering cannat
evenly distribute the nunber of Mis within cach minor grid
sritably, die to limited mamber of division such as 1, 4, 9,
I65,. .. e, The proposed also provides a better way by diving
the area of interest into several minor grids fistly. Each
minor grid may contain different mumber of MMs. The BS
then continees dividing each minor grid into sectors
depending on node density. The maore nember of MMs the
minor gnd contains, the mose mizmber of sectors that minor
gridis divided. Finally, there will be more egually mezmber of
MM within cach clusier. A typical of Grid Sectonng for
ron-umi forme deployment is illestrated in the Figure. 1{a),

SR
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B es b

i oy || S e

Figarz 1

{2} Gerid Secwaring for nomemiform deploymenn aad () How
{rid Baciorin g dividas fhe sgqoereazrid To seciams

B, The Solution of Grid Secioring

1) Pre-Pariition: Grid Sectoring can be used in advance
on the squeare-grid area; the network should also be divided
into several minor grids as grid clustering - firstly, The
number of sectors, cach minor grid will be divided, will e
calkulawd by BS depending on the node dengity.

24 An Aigoritkm of Grid Bectoring: Each divided minor
grid will go-on re-dividing with a sutable number of sectors
by an equation being set as (1).

pin =1 (n

The Figure. Lb) can clearly be illustrated how the Grid
Sectaring even divides any grid arca into equal-sized sectars,
Where p is a peoimeter of a gnd, s 3 Teguined mumber of
scotors, and 1is a length to divide minor grid into sectors,
Thereby, every sector &y wil| absolutely contain egual s@e.

T} Cenrvaid and Cluvrer Hedad Elecrion: To enhance
cluster bandwidth, load halancing, and to resist bottleneck
moblem, the stedy also takes the location of CHs into
account by choosing th nodes located nearest 1o 3 center of
cluster to be CHs. Inoorder to get the center point, the study
applies cemtrmid formulas of polygon which is set in{2-4).
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1
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Afier the controld position (OCx,Cy) has been obtained, 8
nade which is located meanest to the centroid will be chosen
nbe a new suitable CH ofcach cluster by the BS |

V.  PERFORMANCE EVALUATION

In term of the result of cluster head election, the stedy
compared the proposed: algorthm to LEACH, ACHS, and
EACHS, En order to investigate the load balancing, the
performance-meirics such as average absolute standard
deviation (S0 of the number of MNs per cluster, average
distance between CHs to their Mis, average hop count,
average absoluie standand deviation of load per sink {oluester
head), network throughpet, packet Selivery ratio (FER), and
mormalized. routing  lead {NRL) weome evaleated as
comparative factors respectively.

A Ewlation Scenario

The network topology is organized into 2 sub-sections
dassified by node deployment in the network; in short, there
are unifprm distribeton and non-uniform distibetion, The
sudy simulated via MetworkX and N5-2. The study used
shout 5 per cent of CHs in the entire nodes [3] and simulated
in different 10 topologies a sub-section. The sei up
envitonment were shown in Table. L

TaHLE] THE ENvmonveeT SET 2

Pz rameters
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&0 gecond {10 mpraies)

Ama of trarnagt

100 10K ort®

MAC protoonl IEEE &01.i54
Fraguzocw/Handwids | 24GHz250khm
“Trazam iecio 727 g2 15 mazars

Traffic 1ype CHE (oo bi; rae}
e e ]
Packe: sz 0 orvaes {2t Anmlication Taver)

1000 Joukshode

Traffic load {per nad=) | packet par gacond

Roaning 1yoe ADDV (A hoc Oioedemand Drisa o Vector)
HEL LD sime rramval 10 g2

1 Unifarm Deployment: The whole nodes in nevwork
were deploved with uniform mndom distibution, The
nrmber aof nodes and CHs would be defined as seen in Table
[I. This scenaria, the study measured network performance
such-as the average absulute 5D of the mumber of MNs per
duster, the average distance between CHs and their Mg,
the average hopoount, the average absolute S0 of load per
sink, the netwark throvghput, PDR, and NRL.
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2 Non-Lniform Denigpmens: The study simelated 500
nodes scattered aver the network ama, the nodes woukd be
fallen into four regions 85 seon i Figure. 2. The proposed
divided cach regions into sectors depending on node density,
Ir: short, there will be sectors or CHs abost 3 per cent within
cach regions:. The study cvalwated the average absolute 50
of Mhs per cluster, the aversge disance between CHs and
their MMs, and the average hop count.

~bl nodes -0l nodes
I CHs S

~1Minodes | ~2Minodes
& CHx il CHs

Figure 1. The demsiy af nodex ineach region deploped owver de aeneach
area Tir nanwmiform readam deplay mem

B Performanos-Metrics and Reswlts

1) The Average Absalute Standard Deviztion of MNz
per Clusfer: In general, 1o measure balanced number of
MMN5 in every cluster, this metric is wilized o demonstrate
how different number of MNs amoug several clesters. The
fewer number of 50 cach algorithm gives, the more load
balarcing it provides. Figere. 3 and & {SD) showed the
mesult of the average absolute SO for uniform deployment
and non-uniform deployment respectively.

Stardard Degiatios of Lha Mumbser of Mambser Rodad per Clusiers

i LEACH  5—a EACHS
12 s ACHS = Grid Sectoding
3
F
g
=
&
|2 0
2
8 4
2

100 a0 it a0 G
Kode Decsty (nodash

Figare 2. The average absalme 3D of e mamber af Mva per clawer for
amiform denlaymann

The graph on Figure, 3, the proposed algorithm: gives the
lonwest - degroe with increasing stesdily value from 2:86 to
350 between 100 and 200 nodes per sink and ten levelling
off abmat 3.56 to 500 podes. The chart on Figure., & (S0
provided for non-uniform deployment with 300 nodes,
LEACH gives the fimhest value at B.54 nodes per cluster,
whereas incomparison with the values of ACHS and EACH
are slightly lower amd their values are closely at 6.73 and
6. E6 nodes reapectively, The proposed, by contrast, gives the
lowest valwe at 3,32 modes.,
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2} Jhe Average Distance between CHy and Their MNs:
This metric was described how long the MNs forward
overwhelming data to the CHs; [f there is shorer distancs,
the overall eluster energy will be consured lower. Figere. 4
mnd 6 { Distance ) showed the result of the average distance
far wniform and mon- wni form deployment respectively,

dyerage Distance between CHe and Their MNs

ol =—a [EACH r—r EACHS E
—a ACHS — Grid Suctoring
E
E m
B
E
st
5
i
bii

1non frasln] 0 400 500
Hoda Dencity (nodas)

Figared The average divwnce bemweza CHs and sheir ¥INs Tar aniform
deplayment

Auerage Hog Counl bebween CHs and Their Mis
A T

—a |EACH —x EACHS
= ACHS =— Grid Sectonng
dg- .5
=
-
E 20
=
E
a
g 15f
=
b
LD
]I'.:ﬂ :'I';CI ."II'iI} A0 ":IJIIZI
Mode Depsiby {nodes]
Figime £ The everege hopcomy for waiform: deplay me

The reult of the proposed on Figure. 4, the figums
showed a downward trend over the period abowt 18010 B4,
therz is the lowest value in distances. The Similar esulis on
Figure. & {Distance); the proposed algorithm still gives the
shortest disance even though the rodes in the network were
deployed with non-uniform mndom distribwution.

3} The Average Hop Counr: This metric rmlated to the
average distance in the previoes sub-section, However, here
is the mesult of the avermge hop count which the modes”
fransmission mnge was se1 to be 15 meters long. The result

were shown gn Figure, 5 and 6 {Hop Count) for miform
deployment and non-uniform deployment respectively.

The graph on Figure. 5 and the chart on Figure, 6 {Hop
Covrt) were clearty visible that the proposed gives the
linwest hop count when it was comepared 1o the others,

1|- 30 [ Distance WM Hop El:mrltl
1
| a0

o 13
E
3
115
R 3
E, E
8
a 1.0

4" LEACH EACHS  GeldStemoiing 0o

Figmem & The rexals of the sverage abea ke 3D of the samber af MNa
fer clawer, ihe averzge divence Seoween CHyand their Ve, and dae
overags hop ooume of S nades far nonsamaform deploymest

4) Tihe dverage Absolite Standord Deviarlan of Losd
e Sink: This metrie is useful to test how effective the load
balancing cach algoritm blances the loads in network. The
less value each algorithm gives, the more balanced that
algorithm provides, The mesuls of 100 nodes for uniform
deployrent was illustrated on Figere, 7 (SO of Load/Sink);

The msulis projected that the proposed gives the lowest
value of the average absolute SO of lead per sink at 1.32
kbps, its value lower than two titne of the other values.

3} Throwghpwt: The basical metric to measure netwark
performance is a mate of suocessful delivered data in a cirtain
tme. Mormally, the maximized valwe is the oxpected
performance of any systems. The results of 100 nodes for
uniform deployment was shownon Figure, 7 { Throughpt) |

The msults on Figure: T {Throughms), the walue of
LEACH, ACHS, and EACHS are closely at 7.21, 7.33, and
T.43 kbps respectively, By contrast, the proposed algorithm
mrajected the highest value at .04 kbps.

6  Packsf Deffvery Ratlo (FORD: This is the measured
fraction of the suecessiil mumber of data received by sinks
diveded by the number of data sent by sources. The POR is
zsmElly measured in per cent The resulis of [ modes for
uniform deployment was shown on Figure. 7 (PDR) .

The resulis of FOR on Figure. 7 {PDR) showed the valwes
of LEACH, ACHS, and EACHS anc projected closely at
BRIY, 69.24, and T 16 per cont mspectively, By contrast,
the proposed projected the highest valee at 73,95 per cent.

7} Normalized Rowting Losd (WNRL): The mtio of the
tal number pf mouting packets transmitied o the total
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number of data packets weeived at the sinks {CHs) at the
network layer. This metric implies how the algorithm makes
the network gives efficeiney of the rowting protocal and
power consumption. The results of 100 nodes for uniform
deployment was shown on Figure. 7 (NRL).

The resulis of NRL on Figure. 7 {MRL) illustated that
the proposed can reduce the mouting [oads by the prajecting
five lowest walue at 2150 per cent compared to the others.
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Figmwe 7. The resalix of e averege absol e sandard of Toed per siak,
ireaghp, FDR, and NRL of 100 sodes for smiform denloymenn,

V, CONCLUSIONS

The proposed algorithm, Grid Sectoring is a simple,
fexible for any topologics {uniform or mon-uniform
deploymient), load balanced, energy-efficient concept for the
duster head eloction. The results of the average absolute 50
of the rumber of MM per cluster and the average absolute of
load per sink even indicated that the proposed provides such
the lowest valees, it will be able to experience that the
proposed can equally distribute the load balanced better than
the others. Additionally, the msult of the average distance
tetwoen CHs and their MNs, the average hop count, and
MEL, the proposed can overcome the others with the shortest
values, In penemsl, these metrics will direetly impact to the
oost function of routing and relate to the energy efficiency.
The last two metrics, throughput and PDR, can convince that
not anly the proposed provides the load balanced, but also
gves the performance guite highas well as it can prolong the
network lifetiime even in the large-scale network as well,
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Abstrace—Even though clustering algorithms provide energy
elficlency into large-scale Wireless Sensor Metworks (WENs),
bt wneven load balaneing still acenrs in general, Mot only dods
this problem will nat distribute enerpy  comsumption and
balancing  traflic leads equally within network, but  this
problem further makes the network cannod stay alive nuich
lomger duwe to shorlived cluster heads. The cluster heads
which wre responsible fir most nctivities incloding inter—cluster
and intra-cluster communications will highly consumee energy
more than the other types of nodes, Consequently, this sindy
presents a cluster head clecton called Grid Sectoring base—on
distributivn of lvad balancing and energy consumption over
both  weiform  and  son-uniform  deployment. The  study
partitions & squared-grid area inte equal-sized clusters in
order to equal number of member nodes, Along with the
selection of cluster heads lecated mearest (o & cenfer of their
clusters will equally distribute load balancing even more,
Further, mot only the resulis werified that the proposed
alporithm  could  disiribuie  lad  bolancing with  enerpy
efMiciency better than LEACH, ACHS, and EACHS, but the
results also implicd that the proposed conld extend the
network performunce and the network lifetime even more.

Keywords- WEN: pluster head election; foad balencing:
ereryy cfficiency; wriform and non-uniform deplopament

L. INTRODUCTION

Wireless sensor networks (WSNs) compoase of a large
nmumber of sensor nodes based on low cost, restrictive
function and limited encrgy. To balance the network encrgy
and prolong the metwork lifetime, clustering 15 introduced
inte this network by paditioning this network into smaller
clusters. There 15 & cluster hewd (CH) within each cluster
respongible  for  most  sctivites, Eg,  intra cluster
communications, data  aggregation, and inter cluster
commufications. Hence, the cluster head election is such
the important  function which  directly  impacts 10 the
netwaork performance and energy efficiency.

A study's point of view @5 o egually distribute the load
balancing in every clusters over both uniform and non-
uniform  deployment. To  achieve this goal, the study
contributes a simple, load balanced, energy-cfficient
algorithm of cluster head election in WENs by dividing the
squared-grid ares of interest mto equaksized clusters as
cake cuiting, Tntpitively, if the most nodes in nefwork are

The Bih Electrical Engineanng Elecironizs, Compatar,
Talacommunications ard Information Tachnalegy (ECTI)
association, Thailand - Conderanca

W, Suntiamorniut
Dezpariment of Computer Engineering
Faculty of Engincening, Prince of Songkla University
Hat Yai District, Sonkhla Frovinee, Thailand
wannarateoe, psu.ac.th

uniformly deployed and all clusters are similar in size, there
will be high possible that the number of member nodes
(MMs} in each cluster can be more evenly distnbuted as
well, To enhance more distribution of load Balancing and 1o
previde mere energy efficiency, the stedy takes the location
of CHs into account by cheosing the CH3 located nearest 1o
center of their clusters and provides the proposed algorithm
done by BS in order to save energy. Furthermore, with the
advantages of the proposed algorithm, the number of hops
to forwand routing messages can simply be limited o save
ecnergy  as well In summary, the study’s resulis can
reasonably be examined that the proposed can outperform
the other algorithms such as LEACH, ACHS, and EACHS
in term of load balancing and cnergy efficiency as well as
can prolong the network lifetime even more,

1. RELATED WORKS

LEACH [1] has been o classical algorithm of cluster head
election; to prolong the network lifetime by distributing the
energy load evenly among the nedes i the network. The
nodes each form themselves into clusters, In set-up phase,
cach node assigns atself a probability which 15 & number
between 0and 1, IF this probability iz less than a predefined
threshold, that mode then becomes a new CH.

ACHS [2] and EACHS [3] are proposed 10 enhance load
balanced clusters; the number of MNs within each cluster is
taken into account. If the numbers of MMs in every cluster
are equally, there will be feasible that both the network load
and the energy consumption will be probably equal highly.
Initially, ACHS and EACHS stari selection by the same way
p= LEACH algonithm, ond they then re-select the new
suitable CHs by determine a nearest CH and a forthest MN
for every cluster, EACHS improves ACHS by re-selecting
only the clusters which differ from the average number of
MMz for 10 per cont in order te save time and energy,

Meventheless, LEACH, ACHS and EACHS sometimes
produce the unsvitable selected CHs which are located near
edges of the cluster area, disappeared over some regions,
amd located closer to each other. This is due to the
probabilistic random  selection  which cannet  distribute
selected CHs evenly over the area of interest. Thus, it makes
such the network  wastes energy inefTicient and may resist
distnibuting of load balancing and energy consumption with
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efficiency., Furthermaore, ACHS omd EACHS  algorithms
normally use twice timwes o roumd of sclection that will
apend much time and energy even more,

The algorithms of grid clusienng [4-T] are proposed o
avoid complication of cluster formation; oot only these
algorithms benefit in the large-scale network, bt these
algorithms further improve the lead baleneing with a simple
way. The aren of interest 15 basieally divided into minor grids
{amaller squarcd-gridi. Each minor grid is represented as a

cluster area amd holds the same size aid the same member of

MMz 1 all nodes in the network are uniformly depleyed

The main drawback of the grid clustering ia, the arcn of

inferest can be divided ime minar grids with limited nomber
such as 14, 9, 14 25.. or o° Along with the limited
number, & clearly typical rouble is, i the network contains
100 mades and the suitable. number of CHs becomes 5, the
network area will not be able fo be divided imo 5 mmor grids
certainly. Further, their functions hnve not been proven so far
1 perfonm with the mor-aniform deployment.

I GRIISECTORING

A, The kev Fdea of Grid Secioring

The study proposed the algorithm called Grid Sectoring
{GE) which 1z used an idew that is, i all clusters are simalar in
mumber of MMNs and similar i size, loads can be more
evenly distributed within each cluster. The study sssumes
that the nodes in setworks oontain locationaware sensos
like Global Pesitiomng Sensor (GFS) o sulficiently archive
the propesed algonithim In the uniform deployment, o obiain
the same gize of all clusters, the area of intereat should be
divided mnto equabaze clusters, gach cluster wall also be able
to hold the some number of MNs,

With the function of G5, the syuared-grid area will be
divided inte equal-srred seclors, each sector iz demoted as a
cluster divaded by the simple way similar 1o cake cutting. In
cake culling, evervone is also experienced that il 13 always
possible o faivly divide o cake among n people, Further, GS
prodices CHs neoreat fo the center of their clusters o
distribute load and energy dissipation efficiently. Along
wilh the proposed, a5 the clusters are similar in dimension,
the number of hops to forward overwhelming routing
messages con also be hmited in onder to SIVE CRETRY B wiell.
: R ' E ‘- /‘- TR

& & & L
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Figure 1. {a) ters] Sectoning Far pon-uniforms deploynsnt assd () How
el Beclorimg disides the spaned-prid ingo sectors,

In mor-aniform  deplovment, gnd  clustering  cannot
evenly distribute the number of MMNs within each minor grid
suliahly az mentioned above, The proposed also provides a
better way by diving the area of interest into minor grids
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fiestly. Each minor grid moyv contwin different oumber of
MMz, The BS then continues dividing each minor grid into
seetors depending on node density, the suifable number of
cluster is 5 per cent of number of nodes [1]. The more
number of MMNs the minor grid confaing, the more number of
sectors that minor grid is divided. Finally, there will be miore
cgually aumber of MMs within each cluster. A tvpcal of G5
for nop-uni form deployment is illustrated in the Figure, 1a).

B The Soluiion of Grid Sectoring

Girid Sectoring can be used on the squured-grid arca
only. the network sliould also be divided into =everal minor
grids us zrid clustering firsthy. The number of dividing is
depending on nede density,

1 An Algorithm of Grid Sectoring: Each divided minor
grid will go on re-dividing imto sectors with o suitshie
number of clusters, 5 per cemt of nodes failing into each
grid, by an eguation being sel xs {1

=i (1

The Figure, Hb) can clearly be illuswated how the G3
evenly divides the grid area into egual-sized sectors, Where p
i a perimeter of o grid, m s a required number of the sectrs,
and I is a length o divide minor grid mto sectors. Thereby,
every sectof d; will absolutely conlbin equal size

2) Centroid and Clwster Head  Election: To enhance
clister bandwadih, load balancimg. and to reduce bottleneck
problem, the selected CHs should be locoted nearest to a
center of  their clusters. With this way, the CHs will he
surrodnded with many more nodes to disinbide routing
paths;. The proposed also applics ceontroid formulas of
pedygen [8] which is set in (2-0)

b ¥ g[zl"':lﬂltin Wikl — Tier 1)

i)
1 n-1
0y = ﬁz{ﬂi+ YierJ(Ta Yir = Figr %)
=0 (3
fi=l
A== 5z v — i )
2% i Hitl i+ Wi i)

Afer the centrond position (CxCv) Tag been obtamed, o
selecied CHs wall be located nearcst (i the centrond,

IV, PERFORMANCE EVALUATION

A Simulanion Scenarin

The network topology 18 orgamized ints 2 sub-sections
classified by node deployment; in short, there are uniform
distribution  and  non-uniform  deployment. The  study
simulated via Network® and M52, The study used aboug 5
per cent of nedes o be CHs [1] and simulsizd n dafferen
20 topolagries, The parameters were shown i Table, 1

TABLE 1. Tiis ErvimossnsesT SET LR
Paraneters Valise
Simmlatian e A second o1 minusesk
Arva ol inicresl 1HE |00 i~
WAL protical IEEE Bl 154
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FParnmaters ¥alue
Trsensitidd esm rarps PE mulets
Traffic type CHE (comstan B rmie)h
Packei size 30 byies (m Application Layer}
Traffic boad {per neade) | | packel per secomld
Banbing hps ADDY EA haoe On-densind Dislant Yt

B Performrance-Metrics gnd Resuliz

Tl Ui Degdennenr: The whole nodes in nerwork
were uniformly deploved. Thas scenario, the stiudy messured
nefwork performance such as an overage absulute S0 of the
mumiber of MNs per cluster io measure balanced number of
MMz im every cluster. The fewer number of 5D each
algorithm gives, the more number of MNs every clusters
contming wnd the more lead balancmg the  algonthm
provides. Mext, an average hop count which is deseribed
howe lomg the MM forward overwhelming routing data o
therr CHs was taken il acount.

To measure the network performance, the study used
throughpul per sink and packet delivery mtio (PDR) 0
indizute the quality of service of the network. To be clearly
illwstrated whether every cluster s able 1o ditribate load
evenly or not, the sty took an average absolute S0 of load
per sink imte acount as owell, MNext ometrie, nosmalized
rowding load {MRLY which is the rafio of the number of
routing messages o e number of data messages is uaed o
showr the efficiency of routing profocol the  algorithm
provides. EntHo—end  delay (latency) and toml encrgy
consumgtion of nebwork was wsed to evaluated the network
performance. accompanied with the other metrics. Finally,
network hifetime which is determimed by an average residual
energy was taken info accouni a3 well, The study set the
initiul energy of all nodes in the network 1o be | joule,

w—a LEACH w—F EACHS
F o =—a ACHS —  Grid Sectoring
[
E - .
: =
§ 8
B &F [
|
g E i | I |
I L Tl
2
05 FI) T 400 DT
hcdes Danuby {rodes)

The overmps shaelgie ST of the nmdsir of BN por clistor Tor
aniform deployment

Fuigiie T

The graph on Figure, 3, the proposed algonthm, GS gives
the lowest degree of the aversge absoluie SId with
increasing steadily valee from 2.96 o 350 between 100 and
200 nodes per ored (100x100 m') and then leveiling off
about 3:56 to 500 nodes. The proposed results of hop count
which 15 shown on Figure. 3 rives such the lowest value
when it was compared to the others.
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120 00

Fromy the resulis abowt the average hop count with 100
nadey. Lhe obteined average hop count ghout 2 hops 18 wsed
to improve (he tradittonal G5 by reducing the number of
hops to forwend routing messages 1o be 2 and 4 times of
obtamed number of hops. i erder to save cluster energy,
This improved G5 atgorithm is called Grid Sectonng-Hop
limited Flooding with 4 hops {2x2 hops) and with & hops
(4% hops) denoted as GS-HLF4 and GS-HLFR respectively
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Figure 4. The threaghput sncd FTRR of 100 sodes for smiform deployment
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Figuee 7, The uverage resiibadl sserpy of 100 nodes B unifinm
dleplogmaem.

The resulis of throughipat per sink and FDR on Figure. 4
projected thart the proposed gives the highest values abour 8
kbps per sink and around 75 per cent of FOR respectively.
Aadditionally, the lowest values of the avernge absolute S0
of foad per sink and KRL which is shown on Figure, 5 is
demonsitated that the proposed can distribue cluster loads.
mare equally and he proposed can  satisfyingly he
pestormed together with ADDY routing even more.

The resuliz of the traditonal Grid Secionng in term of
latency and enerpy consumption on Figure, & pives the
stmilar values o LEACH'S results but gives hittle poorer
than ACHS' and EACHS' results. However, the resulis of
the improved Crid Sectoring (G5-HLEE and GS-HLF4) can
be cleary illustrated that the proposed can reduce hoth
latency and energy consumplion as well.

The final results of the first experiment on Figure. T with
uniform deployment is the network lifetime, the traditienal
Cirid Sectoning outperforms than LEACH but ACHS and
EACHS gives better results. By contrast, the resulis of (35—
HLF#® amd GSTILF4 are shown that the average residal
energy of all nodes gives better than the olhers.

25 Mowe-Uniform Deployrient; There are SN nodes.
seattered over the network ares, the nodes would be fallen
inte Tour regions as seen in Figure, 8, The swudy divided
each regions inte sectors depending on nede density, In
short, there will be sumber of scctors or CHs about 5 per
cenl within each regions. The study evaluated the average
absolute S0 of MN= per cluster amd the sverage hop counl.

~60 nodes | ~10 nuedes
3 CHs S CHs

=120 mades | <220 nades
& CHs 11 CHs

The detiaity of podes e ench region deploved over the petwok
aren fnr non-unilomm modom deplesment
The results from the chart on Figure, 9 is illustrated that
the proposed pives the lowest values for both average
abselute standard deviation and aversge hop count. In
pasticular, the sverage absolute 5D of the proposed gives
the resulis less than the ethers double values.

Figuee 8
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V. CoRCLUSHONS

From this studying, The resulis can be convineed that the
proposed algorithm, Gosd Sectoning and the improved Grgd
Sectoring (GS-HLEFT are the simple, flexible for any
topologics (uniform or  noveuniform deployoent),  Joad
balanced, energy—efficient concept for the clusier Dead
election o hundle with large-scale WSNs, Furthermore, the
results of the proposed show that the propesed not only be
able 1o equatly distribute the Toad balanced hener tan the
others bul further save much more energy as well as can
achicve wdvance in the network lifetime.
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