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Abstract: Learning from the concept of potential field in physics, the hybrid virpsaéntial field of the wireless sensor network was
constructed based on the hop and the residual energy of nodes. Atmeaikimizing the network lifetime, we proposed an energy
optimized routing algorithm for multi-sink wireless sensor networks, usirtgal force of the virtual potential field as the routing
decision criteria. Avoid strategy for low-energy nodes and load balgrstmategy for multiple sinks were applied to dynamically adjust
the potential value and achieve balanced energy consumption of i@ drgation results show that the routing algorithm balances the
energy consumption of nodes effectively and extends the network ldetiompared with similar algorithms.
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1 Introduction of partial differential equations are exported depending o
the nature of electric field. By solving partial differerttia
Wireless Sensor Networks (WSNs) are composed by agg,tjg[r'ﬁiﬂz i the optimal route and load distribution are

large number of micro-sensor nodes through wireless In thi devel timized routi
communication 1,2]. In contrast to traditional wireless n thiS papér, We develop an energy optimized routing
Igorithm (EORA) for multi-sink wireless sensor

networks, wireless sensor nodes are usually powered b ; AN .
etworks using the concept of potential in classical

batteries and deployed in unmanned outdoors o . .
dangerous regions. So, constrained energy is a promine ysics. The cornerstone of the EORA is to construct a

feature for wireless sensor networks. Since the radiohybrid virtual potential field based on the hop and residual
transceiver typically consumes more energy than anfnergy of sensor nodgs. Avoid strategy fo_r Iow.—energy
other hardware component onboard a sensor nodéwdes and load balancing strategy for multiple sinks are

designing energy optimized routing algorithm is of great destlgne(rj]_to aciljhustbtr:e potgntlal value of senf_or nc;des, SO
importance to prolong network lifetime. as to achieve the balanced energy consumption of sensor

e : . nodes. Simulation results show that the proposed routing
In multi-sink wireless sensor networks, routing

mechanisms continue to attract the attention Ofalgorithm EORA has a better balancing for node energy
researchers. Based on the mobility of the sink, theconsumptlon and has prolonged network lifetime.

research work can be divided into two categories: mobile

multi-sink wireless sensor networks3,ff] and fixed o

multi-sink wireless sensor networks. In the research of2 System Model and Defination

routing protocols for fixed multi-sink WSNs, multi-sink

deployment and routing for data transmission areSensor nodes periodically sense the environment and send
formulated as an integer linear programming taS}6]. the data to sinks. In order to describe the routing
In [7,8,9], the routing is built based on the minimum hop algorithm more clearly, we define wireless sensor
from sensor nodes to the sink. The residual energy ohetworks and neighbors.

sensor nodes is considered when finding efficient routes Wireless sensor networks. A wireless sensor

in [10,11]. In [1213], multi-sink wireless sensor network can be expressed by an undirected graph
networks are simulated as electrostatic field and a serie&(V,E), in whichV denotes the set of all nodes akd
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denotes the set of wireless links among nodes which camessage. Then, the other nodes will also obtain their own

communicate directly. hop by receiving update message from its neighbors
V = VN UVs, whereVy represents the set of sensor which already have its hop just in the same way as the
nodes and/s represents the set of sinks. nodes one hop away. For example, the hop of sensor node

E= {0, e WHuU{@,j)i € W,j € Vs}, the i to sinkv can be expressed &&i,v). When the hop of
distance of node and j is less than the maximum sensor nodes to all sinks are determined, the minimum
communication distande. will be chosen as the hop of senor nodes, which can be

Neighbor. The neighbor set of nodeis defined as expressed as
N(i) = {j|j € V,dij < R}, whered;; denotes the distance ) ) .
between nodeand . H(i) = min{H(i,v)|i € W, Vv € Vs}. 1)

To provide the basic routing function, namely to relay
) . ) packets toward the sink, we define the hop of sensar
3 Virtual Potential Field the potential value in hop virtual potential fiel(i):

Fig. 1 shows the topology of a typical multi-sink wireless pn(i) = H(i). (2)
sensor network. The data collected by sensor nodes is Set node da’ iahbor. i d ith th
transmitted to the sink through the intermediate nodes, _. el nodg asnodes neighbor, in accoraance wi €
with hop-by hop manner. Data transmission in WSNs iSdef|n|_t|on of the potential field, the virtual force between
the many-to-one traffic pattern and the spatial distrilsutio hodei and] is given by

of the data shows obviously centripetal feature, which has . R =)
similarities with the potential field in physicd4,15]. In A, ) = -G
this paper, we will borrow the concept of potential in

0 €WN, j € N(), 3)

j

classical physics and construct multiple potential fieldswhere C; denotes the cost of link between these two
using different network state variables, and thennodes, which is expressed by the distance between nodes.
superpose them into a hybrid virtual potential field. Field Considering that forwarding data is between one hop
strengths are used to drive data packets toward the sinkeighbor nodes, so the distance between sending and
along the direction of the great change of the potentialreceiving nodes can be unified set as 1. The virtual force
gradient. can be expressed as follows:

(i, J) = Fh(i) = Ru(]). “4)

If only to build hop potential field, the data will be
transmitted to the sink along the shortest path in the role
of the maximum virtual force. Nodes on the forwarding
path, especially near the sink, will suffer heavy
forwarding task and cause fast energy consumption, easy
to premature failure. In order to prolong network lifetime,
it should be rational and practical to make an appropriate

;&» trade-off between energy efficiency and balanced energy

(V)

consumption.

sink(4) nk(2)

3.2 Residual Energy Virtual Potential Field

We define the potential value of node residual energy
g/ virtual potential field as:

sink(3)

Pe(i) = —¢ (5)
Fig. 1: Topology of wireless sensor networks 0

where,RE (i) denotes the residual energy of nadedEy
denotes its initial energy. The virtual force between niode
andj is defined as follows:

3.1 Hop Virtual Potential Field Fe(i,]) = Pe(i) — Pe(),i € W, J € N(i). (6)

At the beginning, the sinks in turn broadcast the update From () and 6), we can get

message, nodes one hop away from the sink will get their ... RE(])—RE()
own hop count by adding 1 to the hop in the update Fe(i, ) = Eo @)
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In residual energy potential field, the neighbor node
with the most remaining energy will be chosen as the next Fl) — (] N N
hop node. This method can achieve the balanced energyFm(l’k) A=) EO) =)+ a(Peld) ~Re(k). (12)
consumption of sensor nodes, but can not guarantee that f |ow-hop nodek is the low-energy node, it should be
data sent towards the sink and eliminating the routingayoided in the routing processin(i,j) > Fm(i,k) is
loops. Therefore, it should add residual energy potentiakequired. FoH (i) = H(j) = H (k) + 1, we can get
field with hop potential field to build the hybrid potential
field, so as to achieve the combination of energy 1—a+aPs(j)

efficiency and energy balance. Pe(k) > (13)

a

Due to nodej is not a low-energy node, e (j) <
—0.1. The right part of 13) can be expressed as follows:

3.3 Hybrid Virtual Potential Field

Hybrid virtual potential field has both characteristics of
hop potential field and residual energy potential field and
adjusts the proportion of different potential fields thrbug
variablea (0 < a < 1). The potential value of nodein
hybrid virtual potential field is defined as

i) = (L= @)Rh(i) + aPe(i). ®) Pl = 122, (15)

1-—a+aPs)) - 1-11a
a a

(14)

If the potential value of low-energy nodés set to

Virtual force between nodeand j in hybrid potential . ) .
field is given by it will be discarded in the routing process and the node

with more hop will be selected as relay node.
Fm(i, J) = Pn(i) — Pm(j) 9)
= (1= a)(R(i) =Fu())) + a(Re(i) = Pe(]))-

From @), (6) and @), the virtual force can be
simplified as follows:

4.2 Load Balancing Strategy for Multiple Snks

o o o When sending data to the sink, sink’s neighbors must be
Fm(i, ) = (1—o)Fn(i, j) +aFe(i, )- (10)  used as relay nodes. The average residual energy of sink’s
neighbors can reflect the load of the corresponding sink.
If the average residual energy of a sink’s neighbors is
relatively low, it indicates that the amount of data
received by this sink is large, and some measures should
be taken to make some sensor nodes transmit data to the
other sink. In this paper, we dynamically adjust the hop of

. . . node to the sink which is suffering heavy load, so as to
4 Dynamic Adjustment Strategy for Potential  achieve the load balancing of multiple sinks.

In hybrid potential field, the neighbor node with
maximum virtual force is selected to forward data, which
will guarantee the data flows to the sink and achieve
balanced energy consumption among sensor nodes.

field Shown in Fig.1, the network contains four sinks and
the node hop to the corresponding sink within the dotted
4.1 Avoid Strategy for Low-energy Nodes box area in the Fig. is three. In initial stage of the network

operation, the nodes have the same amount of residual
Nodes with less residual energy should be reduced th&nergy. In accordance with the minimum hop routing, the
opportunity to be selected as the relay node througf‘direCtion of the arrow in the Fig. indicates the path of data
dynamically adjusting its potential value in residual transmission. After some network operational time, the
energy potential field. In this paper, we set the node aglifference of average residual energy of sink's neighbors
low-energy node when its residual energy is less tharis larger because of different sink’s load. Assume that the
10% of the initial energy. In the routing process, the average residual energy of Sink(1)'s neighbors is the
low-energy node with less hop is avoided by adjusting itsleast, we adopt the load balancing strategy for multiple
potential value and the node with the same hop will beSinks to appropriately increase node hop to Sink(1). In
selected as relay node. In this section, we will describethis paper, we increase one hop. Node A and B in the
the avoid strategy for low-energy nodes. dotted box area, which have selected Sink(1) as
When j,k € N(i),H(i) = H(j) = H(k) + 1, virtual destination, renew the choice of the destination after the
force between node and j, nodei and k in hybrid  increase of hop. Shown in Fig, the data of node A and
potential field can be expressed respectively as follows: B is sent to Sink(4) and Sink(2) respectively. So the
amount of data sent to Sink(1) is reduced and the load
Fn(i,]) = (Q—0)(F(i) —P(j))+a(Pe(i)—Pe(])). (11) balancing of multiple sinks is achieved.
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Fig. 2: Routing after hop adjustment Fig. 3: Distribution of nodes in wireless sensor network

area, the distribution of nodes is shown in Fay.In the
initial stage of the network, the potential value of sensor
In this section, we evaluate the performance of ournodes in the hybrid virtual potential field is shown in Fig.
proposed Energy Optimized Routing Algorithm (EORA) 4. In the subsequent simulation, the number of sinks
for multi-sink wireless sensor networks via matlab. For changes from 1 to 8. For further evaluating the
simplicity, an ideal Media Access Control (MAC) layer performance of EORA, the following of this paper will
and error-free communication links are assumed. Wegive the behavior of this algorithm with different number
calculate the energy consumption of each node from dataf sinks. EORA will be compared with ELBR and SPBR
packet transmission and reception. We define the lifetimeon network lifetime, residual energy of nodes, the average
of the wireless sensor network as the time when thehop of packets and the variance of data received by sinks.
residual energy of the sensor node becomes zero firstly,
which is counted by round. We compare the performance
of EORA with Energy Level-Based Routing (ELBRI][
and Shortest Path Based Routing (SPBR). [n our
simulations, sensor nodes are randomly and uniformly
deployed over the square monitoring area. Sinks are
uniformly distributed at the outside of the monitoring
area. Other simulation parameters are given in Table

5 Results and Discussion

Table 1: Simulation parameters

Parameter Value

Network coverage 7 100*100

Number of sensors 100

Number of sinks 18

Initial Energy/J 0.5

Egec/(nd-bit™1) 50

Eamp/ (P -bit~*-m?) 10 Fig. 4: Potential value

Data packet sizé3 500

Control packet siz&8 12

l;/laxmum fransmission range 0'7350 Fig. 5 gives the network lifetime when the number of

sinks changes from 1 to 8. It can be seen from the figure
that EORA has extended the network lifetime compared
with ELBR and SPBR. SPBR only considers the node
If the network contains 4 sinks which are uniformly hop when making routing decisions and has the shortest
distributed at peripheral 10m outside of the monitoring network lifetime. The routing path once be constructed
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will no longer change, so the nodes on the forwardingmeasures to balance node’s energy consumption, so the

path suffer heavy load and has serious impact on networlaverage residual energy of nodes is the most.

lifetime. ELBR has considered the residual energy of  Fig. 8 describes the average hop when data packets

sensor nodes in routing, but more energy is consumed igre transmitted to sink in different routing algorithms. In

the process to obtain the energy level of the path. So itghis figure, the average hop decreases with the

network lifetime is between EORA and SPBR. increasement of the number of sinks, because the average

distance from sensor nodes to sinks is decreased.
; . Comparing the average hop of data packets in different
Fig. 6 and 7 show the average residual energy of : . . .

sensc?r nodes and the average rgesidual energy o%ysink uting algorithms, the average hop in SPBR is the Iea_st.

neighbors when the first node is failure in the network. n E.ORA’ the fes'd“?" energy of sensor nodes is

The figures show that the average residual energy oFon5|dered when making routing deC|S|or_15 and Some

sensor nodes and the average residual energy of sink3ENSor nodes select long path to transmit data, so its

neighbors in EORA is less than ELBR and SPBR. In 8Verage hop of data packets is the most.

EORA, residual energy potential field is superimposed on

hop potential field and the avoid strategy for low-energy .

nodes is adopted, so the energy consumption of sensd® Conclusion

nodes is balanced. As the result of load balancing strategy

for multiple sinks, EORA has balanced the energy Energy is one of the most critical resources for WSNSs. It

consumption of sink’s neighbors which play a decisive should make an appropriate trade-off between energy

role on the network lifetime. SPBR has not taken anyefficiency and energy balance. With this mind, in this
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paper we construct hybrid virtual potential field based on[12] M. Kalantari and M. Shayman. Mireless Communications

the hop of nodes to sinks and the residual energy of nodes and Networking Conference, 2006. WCNC 2006. |EEE, 1,

and design a virual potential field based multi-sink 431-438 (2006).

routing algorithm, according to the feature of concentric [13] M. Kalantari and M. Shayman. Imformation Sciences and

in data transmission. The avoid strategy for low-energy ~ Systems, 2006 40th Annual Conference on, IEEE, 402-406
nodes and load balancing strategy for multiple sinks are ~ (2006). .

adopted to achieve effective and balanced energyl4lT- He, F. Ren, C. Lin, and S. Das. Eensor, Mesh and

consumption. Simulation results show that the routing  Ad Hoc Communications and Networks, 2008. SECON 08.

algorithm proposed in this paper has extended the 5th Annual |[EEE Communications Society Conference on,

" . IEEE, 233-241 (2008).
network lifetime and balanced energy consumption, .
compared with ELBR and SPBR. [15] F. Ren, J. Zhang, T. He, C. Lin, and S. K. Réarallel and

In our future work, we will deploy sinks within the Distributed Systems, |EEE Transactions on, 22, 2108-2125

L ; HEE (2011).
monitoring region and research the optimization of
multi-sink deployment and data routing with the goal of
maximizing network lifetime.
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