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Abstract

In this paper, we propose a Cycle-Based
Data Aggregation Scheme (CBDAS) for
grid-based wireless sensor networks (WSNs).
The whole sensor filed is partitioned into a 2D
logical grid of cells. Each cell has a head re-
sponsible for aggregating its own data with the
data sensed by the others in the same cell and
then transmitting out. In order to efficiently and
rapidly transmit the data to the base station (BS),
we link each cell head to form a cyclic chain.
Each cell head on the cyclic chain takes turn
becoming cycle leader responsible for transmit-
ting data to the BS. As a result, the transmissions
are reduced so that it greatly extends the lifetime
of the whole WSN. Simulation results show that
the proposed CBDAS extends the lifetime of
sensor nodes so as to prolong the lifetime of the
whole network.

Keyword: Base station, cell head, data aggre-
gation, grid-based, wireless sensor networks.

1. Introduction

Advances in sensor technology, wireless
communications, and digital eclectronics have
made it possible to develop low-cost, low-power
and multi-functional small sensor nodes. A wire-
less sensor network (WSN) can be employed in
many applications such as environmental and
habitat monitoring, target tracking, object detec-
tion, and intelligent transport monitoring [1-3].

In WSNs, sensor nodes are typically pow-
ered by batteries so that their energy is restricted.
Generally, it is impractical to recharge or replace
the batteries of the senor nodes in such a harsh
environment. The energy consumption of sensor
nodes is mainly used in data transmission, espe-
cially for a long drive. This paper mainly ad-
dresses the problem of data transmission from
sensor nodes to a remote base station (BS), where
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the end-user can access the data. Since the loca-
tion of the BS is distant, the energy consumed by
each node to directly transmit its data to the BS is
considerable, and nodes will die very soon.
Therefore, it is important for an approach to use
as few transmissions as possible to the BS and
reduce the amount of data that needs to be trans-
mitted to the BS.

Lots of improved approaches have been
proposing [4-5]. Firstly, only a few nodes are
responsible for forwarding the data to the BS
instead to reduce the data transmissions. On the
other hand, the forwarding sensor nodes aggre-
gate their own data with the data sensed by others
and then transmit out to reduce the amount of
data transmitted to the BS. Aggregated data
moves from node to node, and finally a desig-
nated node transmits to the BS. Therefore, it is
our design goal to evenly distribute the energy
consumption of sensor nodes to extend the life-
time of each sensor, so as to prolong the lifetime
of the whole WSN.

In this paper, we present a Cycle-Based Da-
ta Aggregation Scheme (CBDAS) for grid-based
wireless sensor networks. In order to extend the
lifetime of a WSN, we build a grid-based infra-
structure by partitioning the whole sensor field
into a 2D logical grid of cells. Each cell has a
head, the one with most residual energy. Each
cell head is linked to form a cyclic chain. In each
round, one cell head takes turn as cycle leader
responsible for directly transmitting data to the
BS. In CBDAS, all sensor nodes periodically
transmit the sensed data to its cell head. After
receiving the data from the others of the same
cell, the cell head aggregates with its own data
and then sends out. Only cell heads need to
transmit data to the cycle leader. The other sensor
nodes just fall into sleep mode based on GAF
protocol [6].

The rest of this paper is organized as follows.

Section 2 briefly reviews some related work. In
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Section 3, our proposed scheme is described. The
simulation results are discussed in Section 4.
Finally, Section 5 draws the conclusion.

2. Related Work

Many routing protocols have been devel-
oped to maximize the lifetime of while WSNs in
recent years. Among of those, we roughly review
some of relevant designs.

LEACH [7] combines the ideas of clus-
ter-based routing and media access together with
application-specific data aggregation for WSNs.
In LEACH, distributed clusters are self-organized
by the nodes in the local cluster. Each cluster has
a head responsible for aggregating data and
transmitting data to the remote BS. LEACH in-
corporates randomized rotation of cluster head
position to evenly distribute the energy load
among all the nodes so as to prolong the system
lifetime. TTDD [8] builds the grid on a
per-source basis. A source transmits data by
building a grid structure. Each grid point has a
dissemination node responsible for storing and
forwarding data. A sink sends the immediate
dissemination node a query which is in turn for-
warded towards the source. The query forward-
ing process lays the information of the path to the
sink to enable the requested data from the source
to the sink.

PEGASIS [9] links all sensor nodes with a
greedy algorithm to form a chain. Each node re-
ceives from one neighbor data fused with its own
and then transmits to the other on the chain.
Gathered data moves from node to node along
the chain and finally a designated node called
leader transmits to the BS. To reduce the average
energy spent by each node per round, nodes take
turns transmitting to the BS. PBDAS [10] is for
grid-based WSNs with a single chain, formed by
repeatedly linking the cell heads from the farthest
row left to right then the next farthest row right to
left until the nearest row of the BS. In PBDAS,
choosing a cell head according to the energy lev-
el increases the lifetime and robustness of the
WSN.

3. The proposed Scheme

The proposed scheme has three primary
phases: grid construction, cycle formation, and
data transmission. We start with grid construction
in Subsection A. Subsection B describes cycle
formation. Finally, data transmission is stated in
Subsection C.

3.1.Grid Construction

In CBDAS, the whole sensor field is parti-
tioned into a 2D logical grid of A/ x N cells,
where N is even. Each cell has an ID with sensor
nodes. A sensor node can calculate its cell ID [C,,
C,] from its geographic location (x, y) as fol-

lows:
Cx:\‘x—xOJ,Cyz\‘y—yOJ, (1)
[24 [24

where (xo, Vo) is the location of the virtual origin
set at the network initialization stage, a is the
cell size, and ij is the largest integer not

greater than k. For simplicity, we assume that all
cell IDs are positive.
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Fig. 1. The logical grid structure.

We take 4 x 4 cells as an example, as shown
in Fig. 1. From left to right, the cell IDs are [0, 0],
[L, 0], [2, O] and [3, O] in the first row, the cell
IDs are [0, 1], [1, 1], [2, 1] and [3, 1] in the sec-
ond row, and so on and so forth.

Each sensor node computes itself which cell
it belongs to by (1). All member nodes in each
cell determine their own unique sequence num-
bers by using simple HELLO protocol. Besides,
every node maintains a table to keep its own se-
quence number, geographic location, cell ID, and
the current cell head.

In CBDAS, each cell has a head responsible
for aggregating data transmitted from the other
sensor nodes of the same cell and then transmit-
ting to the neighboring cell head toward the cycle
leader.
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3.2. Cycle Formation

For simplicity, the node with the smallest
sequence nmumber acts as the cell head in each
cell for the first round. The choice of a cell head
for the first round is based on the assumption
that all nodes start with an equal energy level.
Since a cell head node consumes much more
energy than a non cell head node. From the sec-
ond round, the node with the most residual en-
ergy subsequently takes turn being the cell head.
Consequently, the energy load of being a cell
head is evenly distributed among the nodes.
Once the first round cell head of each cell is de-
termined, it starts clockwise finding its downlink
cell head in the neighboring cell by using Algo-
rithm 1. After determining its downlink, the cell
head with cell ID [Cy, C,] sends a Cycle forming
packet containing its own cell ID to the down-
link. After receiving the packet, the downlink
cell head saves the information and replics a
Cycle reply packet containing its own cell ID to
the uplink cell head from which it receives the
Cycle forming packet. Likewise, the uplink cell
head saves the information in the Cycle reply
packet. In this way, the cell head in each cell
caches the information of its uplink and down-
link. The cell heads of the whole network are
finally linked together to form a cyclic chain, as
shown in Fig. 2. As a result, the data can be sim-
ultancously transmitted both clockwise and
counter-clockwise in CBDAS.

Algorithm 1
FindDownlinkCell (CELL)
{
ox =08y =0,
If (CELL.Cx == 0) // The cells of the leftmost
column
If (CELL.Cy ==N-1)dx=1; //The cell of left
top
Else 8y = 1;
Else If (CELL.Cx == M-1) // The cells of the
rightmost column
If (CELL.Cy %2 ==0) 6x = -1,
Else 8y = -1;
Else If (CELL.Cx == 1)y =-1,  // The cells of
the second column
DOWNLINKCELL.Cx = CELL.Cx+3x;
DOWNLINKCELL.Cy = CELL.Cy+9dy;
return DOWNLINKCELL;
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Fig. 2. A cyclic chain.

3.3. Data Transmission

In the first round, the BS chooses the near-
est cell head as the cycle leader responsible for
receiving data from its two neighboring cell
heads, aggregating with its own data, and then
transmitting the aggregated data to the BS. For
simplicity, the cell heads along the cyclic chain
clockwise take turns being cycle leader in the
next round.

For gathering data in each round, after re-
ceiving the request from the BS, the cycle leader
will send two tokens #; and # to its two neigh-
boring cell heads respectively. Token # will be
passed recursively along the cycle clockwise to
the next cell head. Conversely, token £ will be
passed recursively along the cycle counter-
clockwise to the next cell head. Once a cell head
receives the second token from the other direc-
tion, it drops the token and disconnects the cy-
clic chain, making itself as one end and the
sender of the second token as the other end. As a
result, both end cell heads respectively transmit
their own aggregated data to cycle leader in the
opposite direction.

For example as shown in Fig. 3, when cell
head e receives the second token #> passed along
the cycle counterclockwise, it drops # and dis-
connects the cycle, making itself as one end and
ey as the other end. Likewise, when cell head e
receives the second token # passed along the
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cycle clockwise, it drops # and disconnects the
cycle, making itself as one end and e as the other
end. Accordingly, both e; and e, respectively
transmit their own aggregated data to cycle lead-
er in the opposite direction.
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Fig. 3. Data gathering for each round.

4, Simulation Results

The effectiveness of our scheme for trans-
mitting the gathered data to the BS is validated
through simulation. In this section, we present
some of the performance results.

4.1. Simulation Model

We use the first order radio model [1] to
evaluate the energy consumption of each node.
According to this model, a radio dissipates .
= 50 nJoule/bit to run the transmitter or receiver
circuitry. Fep. is the energy consumption of the
circuit itself. Assuming & energy loss, where d
is the distance between nodes, a transmission
amplifier at the sender node further consumes
Eamp®, whetre Eamp = 100 ploule/bit/m?. Eump, is
the energy consumed by the amplifier when
transmitting packets. Thus, to transmit a k-bit
message a distance d using this radio model, the
radio expends:

ETJC(k: d) = Eelecxk + E:ampxkxd2 (2)

and to receive this message, the radio expends:

Erk) = Eoreoxk 3)

Receiving a message is not a low cost oper-
ation using these parameter values. Protocols
should thus try to minimize not only the trans-
mission distances but also the numbers of trans-
mission and reception operations for each mes-
sage. We can generalize the total transmission
consumption as follows:

Etotal(k) = (Eelecxk + EamekXCF) + (Ed@cxk) (4)

In our simulations, the packet length % is set
to 2000 bits and the energy consumed for data
aggregation is assumed 5 nJ/bit/message.

4.2, Performance Analysis

In the following, we compare the perfor-
mance of CBDAS with that of Direct, PEGASIS
[9], and PBDAS wusing scveral random
2000-node networks. Direct approach is simply
for each node to transmit its data directly to the
BS. PBDAS (Path-Based Data Aggregation
Scheme) is also for grid-based wireless sensor
networks with a single chain, formed by repeat-
edly linking the cell heads from the farthest row
left to right then the next farthest row right to
left until the nearest row of the BS. In CBDAS,
the BS is located at (1000, 1500) in 2000 m x
2000 m field partitioned into a grid of 10 x 10
cells. We conducted the simulations to verify the
nmumber of rounds when 1%, 20%, 50%, and
100% of nodes die for ecach scheme with each
node having the same initial energy level.

Fig. 4, Fig. 5, and Fig. 6 show the number
of rounds until 1%, 20%, 50%, and 100% of
nodes die for a 2000 m x 2000 m network with
initial energy level 0.25 J, 0.5 J, and 1.0 J per
node, respectively. As shown in the figures,
CBDAS outperforms Direct, PEGASIS, and
PBDAS in all cases. As expected, CBDAS ex-
tends the lifetime of sensor nodes so as to pro-
long the lifetime of the whole network.
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Fig. 4. Performance results for the network with
0.25 J/node initially.
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Fig. 5. Performance results for the network with
0.5 J/node initially.
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Fig. 6. Performance results for the network with
1.0 J/node initially.

5. Conclusions

In this paper, we proposed a grid-based
WSN to transmit the gathered data to the BS. In
terms of the overhead for building the grid
structure, we only constructed the grid infra-
structure once in the initial phase. Each node
determines which cell it belongs to simply by an
arithmetic operation. The formation of the cyclic
chain is easy. Only the cell heads on cyclic chain
need to forward data to the cycle leader then to
the BS. To decrease the energy load of cell heads,
the node with most residual energy is chosen to
be cell head. Besides, cell heads take turns being
cycle leader to transmit data to the BS so that the
energy depletion in the network is evenly dis-
tributed. As a result, the lifetime of the sensor
nodes extends so as to prolong the lifetime of the
whole network. Simulation results show that the
proposed CBDAS outperforms Direct, PEGASIS,
and PBDAS.

Acknowledgment

This work was supported by the National

Science Council of Republic of China under
grants NSC-101-2221-E-239-032 and-
NSC-102-2221-E-239-020.

References

[1] W. R. Heinzelman, A. Chandrakasan, and H.
Balakrishnan, “Energy-Efficient Communica-
tion Protocol for Wireless Microsensor Net-
works,” Proceedings of IEEE Annual Hawaii
International Conference on Systems Sciences,
pp- 3005-3014, January 2000.

[2] T Hill and D. Culler, “Mica: A Wireless Platform
for Deeply Embedded Networks,” IEEE Micro,
Vol. 22, Issue 6, pp. 12-24, November 2002.

[3] S. D. Muruganathan, D. C. F. Ma, R. 1. Bhasin,
and A. O. Fapojuwo, “A Centralized Ener-
gy-Efficient Routing Protocol for Wireless Sensor
Networks,” IEEE Communication Magazine, Vol.
43, Issue 3, pp. S8-S13, March 2005.

[4] W. Cheng, K. Xu, 7Z. Yang, and 7. Feng, “An
Energy-Efficient Cooperative MIMO Transmis-
sion Scheme for Wireless Sensor Networks,”
Proceedings of the International Conference on
Wireless Communication, Networking and Mobile
Computing, pp. 1-4, 2006.

[5] Y. C. Yu and Y. C. Song, “An Energy-Efficient
Chain-Based Routing Protocol in Wireless Sensor
Network,” Proceedings of the International Con-
ference on Computer Application and System
Modeling, Vol. 11, pp. 486-489, October 2010.

[6] Y. Xu, J. Heidemannn, and D. Estrin, “Geogra-
phyinformed Energy Conservation for Ad Hoc
Routing.” Proceedings of the Annual ACM/IEEE
International Conference on Mobile Computing
and Networking, 70-84, July 2001.

[7] W. B. Heinzelman, A. P. Chandrakasan, and H.
Balakrishnan, “An Application-Specific Protocol
Architecture for Wireless Microsensor Net-
works,” IEEE Transactions on Wireless Commu-
nications, Vol. 1, No. 4, pp. 660-670, October
2002.

[8] F. Ye, L. Haiyun, C. Jerry, L. Songwu, and L.
Zhang, “Sensor Networks: A Two-Tier Data Dis-
semination Model for Large-Scale Wireless Sen-
sor Networks,” Proceedings of the Annual
ACM/IEEE International Conference on Mobile
Computing and Networks, pp. 148-159, Septem-
ber 2002.

S. Lindsey and C. S. Raghavendra, “PEGASIS:
Power-Efficient Gathering in Sensor Information
Systems,” Proceedings of the IEEE Aerospace
Conference, Vol. 3, pp 1125-1130, March 2002.

[10] N.-C. Wang, Y.-K. Chiang, and C.-H. Hsieh, “A
Path-Based Approach for Data Aggregation in
Grid-Based Wireless Sensor Networks,” Pro-
ceedings of the 2013 National Computer Sympo-
sium, Taichung, Taiwan, ROC, MC-2-01, De-
cember 13-14,2013.

—
O
—



