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Abstract. Wireless Sensor and Actor Networks (WSANs) are composed
of heterogeneous nodes referred to as sensors and actors. Sensors are low-
cost, low-power, multi-functional devices that communicate untethered
in short distances. Actors collect and process sensor data and perform
appropriate actions on the environment. Hence,actors are resource-rich
devices equipped with higher processing and transmission capabilities,
and longer battery life.In WSANs, the collaborative operation of the
sensors enables the distributed sensing of a physical phenomenon. After
sensors detect an event in the deployment field, the event data is distribu-
tively processed and transmitted to the actors, which gather, process, and
eventually reconstruct the event data. WSANs can be considered a dis-
tributed control system designed to react to sensor information with an
effective and timely action. For this reason, in WSANs it is important to
provide real-time coordination and communication to guarantee timely
execution of the right actions and energy efficiency of the networking
protocols is also a major concern, since sensors are resource-constrained
devices. We propose an energy efficient routing protocol for wireless sen-
sor and actor networks to cope with these challenges keeping in mind the
resource constraints of the network and the early response by the actor
nodes for delay sensitive applications with number of transmissions as
less as possible. Our protocol is based on clustering (virtual grid) and
Voronoi region concept.

Keywords: Sensor, Actor, Voronoi diagram, Virtual Grid.

1 Introduction

A Wireless Sensor and Actor Network(WSAN)[2] can be considered as a spe-
cialized WSN with the addition of resource-rich actor nodes that have better
processing capabilities, higher transmission power, and longer battery life. Since
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actors have higher capabilities and can action large areas, they are fewer in
number compared to the number of sensor nodes in an environment. The ac-
tor is present in the network to take action based on the sensed information
received from the sensor nodes. WSANs will be an integral part of systems such
as battlefield surveillance, nuclear, biological or chemical attack detection, home
automation, and environmental monitoring[7]. Figure - 1 represents a simple
WSAN with a sink that is present to take care of overall communication and
coordination.

Fig. 1. Wireless Sensor and Actor Networks Architecture

One of the major challenges of WSAN for efficient communication is the
coordination among sensor and actor nodes. Sensor-Actor coordination is for
quick event reporting to appropriate actor node. Actor-actor coordination is to
avoid redundant action in overlapped action area and a reliable action.

2 Realted Work

2.1 Static Actors in WSAN Area

A Distributed Coordination Framework for WSAN. A coordination pro-
tocol framework for WSAN is addressed with a proposed sensor-actor coordina-
tion model based on event driven clustering paradigm, where cluster formation is
triggered by an event so that clusters are created on the fly to optimally react to
the event and to provides reliability with minimum energy consumption[5]. This
way, only the event area is clustered,and each cluster consists of those sensor
nodes that send their data to the same actor. A Coordination Protocol for
WSAN - A sensor-sensor coordination protocol for WSAN based on cluster-
ing and Voronoi region concept is proposed in [6]. This protocol creates clusters
consisting of sensors detecting the same event and forwards to the nearest ac-
tor. ELRS: An Energy-Efficient Layered Routing Scheme for WSAN
An energy efficient layered routing scheme is described in[9] for semiautomated
architecture, where the network field is divided into different sized (overlapped)
actor fields, which covers all the sensor nodes. Delay-Energy Aware Rout-
ing Protocol for Sensor and Actor Networks - Delay energy aware routing
protocol(DEAP)[10] mainly consists of two components- Routing based on For-
warding Sets and the Random wakeup Scheme. Resource-Aware and Link
Quality Based Routing Metric for WSAN - This paper presents a resource-
aware and link quality based(RLQ)[11] routing metric to address energy limita-
tions, link quality variations, and node heterogeneity in WSAN.
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2.2 Mobile Actors in WSAN Area

A Communication Architecture for Mobile WSAN. The coordination
and communication problem has been studied and a hybrid location manage-
ment scheme has been proposed to handle the mobility of actors along with a
geographical routing algorithm for sensor-actor communication [7]. The sensor-
actor communication uses forwarding rules based on geographical position in the
presence of Rayleigh fading channels. Real-time Coordination and Routing
in Wireless Sensor and Actor Networks Mobile actors proposes a real-time
coordination and routing framework for sensor-actor coordination to achieve
energy-efficient and reliable communication [12]. Intelligent actor mobility
in wireless sensor and actor networks - A inherent clustering algorithm is
introduced to connect sensor nodes and cluster’s are formed by using the sen-
sor node locations, sensor nodes transmission range. Sensor node locations can
be obtained using localization techniques such as angle-of-arrival measurements,
distance related measurements, and received signal strength profiling techniques
[21]. The main goal is to develop intelligent mobility models for an actor node in
a wireless sensor and actor network to maximize timely detection of events. Ran-
dom mobility models are unsuitable for sparsely connected networks[22], 100%
event detection by single actor is possible. These mobility models are not studied
for fully connected network and actor mobility cost is not considered. This mo-
bility models good for the applications where the actor collect event inform from
sparsely connected network. A Real-time Communication Framework for
Wireless Sensor-Actuator Networks - This paper[23] main objective is to
provide a low latency event reporting algorithm for sensor-to-actor communica-
tion and an effective coordination algorithm among the actors.

2.3 System Model and Assumptions

This protocol considers few assumptions for simplicity in building system model:

a) The network is composed of Ns sensors and Na actors, and they are deployed
uniformly in the network area with high density of sensor nodes and low
density of actor nodes i.e, Ns >> Na. Every sensor node associates itself to
one of the actor nodes to which it is nearest, which leads to the construction
of Voronoi regions around actor nodes. It is also assumed that all the nodes
(both sensor and actor) are equipped with GPS enabled devices and hence
each node is aware of its own location information.

b) Sensors are homogeneous and wireless channels are bi-directional, symmet-
ric and error-free and equipped with a low data rate radio interface. This
interface is used to communicate with other sensor(s) and actor(s) if they
are in the communication range of sensor.

c) Sensors nodes are assumed to be immobile. Data transmission and reception
are major energy consuming activities. Each sensor node sends the informa-
tion about events in multi-hop communication to actor.
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d) Actor nodes are mobile, and these are equipped with two radio transmitters,
i.e., a low data rate transmitter to communicate with the sensors, and a high
rate wireless interface for actor actor communication. From the perspective
of sensors, actors are equivalent recipients of information.

e) Actor nodes have much more efficiency in terms of energy level and transmis-
sion power compared to sensor nodes. Sensor nodes communicate with the
actors by sending data via multiple hops and actor to actor communication
is through actors.

2.4 Voronoi Diagram

Voronoi diagram is a most fundamental data structure in computational geom-
etry [25]. Voronoi diagram can be used in finding a partition of the given set of
points into subsets whose members are similar. Let S be the set of N nodes on
a plane. For two nodes P and Q of S the dominance of P over Q is defined as
the subset of the nodes being at least as close to P as to Q. Dominance of P
and Q is a closed half plane bounded by the perpendicular bisector of P and
Q. The bisector separates all nodes of the plane closer to P from those closer
to Q and will be termed as the separator of P and Q. The region of a node P
is the portion of the plane lying on all the dominance of P over the remaining
nodes in S. They form a polygonal partition of the plane. These partitions are
called Voronoi regions and combination of such regions for a plane is referred
as Voronoi diagram. As we know that the set A={a1, a2, a3, .....an} of actor
nodes are sparsely deployed. It is advisable for each sensor node to report sensed
events to the closest actor node in order to reduce latency and communication
cost. All the sensors which are closer to an actor ai than any other actor in the
region called Voronoi region at ai, denoted by V(ai). The Voronoi region V(ai)
is a set of points closer to ai than any other actor aj, where i �= j. Union of all
Voronoi regions of A is called Voronoi diagram. In other words Voronoi diagram
of a set of actors is a partitioning the plane into regions such that each actor
node is associated to a region in which all points of that region is closest to it
than any other actor node. Formal definition of Voronoi diagram of a set A =
{a1, a2, a3, .....an} of actors is defined as follows: We denote the set of points
closer to a site ai than the site aj is denoted by B(ai, aj). Voronoi region V (ai)
of a site ai is

∩n
i=1,j �=1 = B(ai, aj) (1)

Voronoi diagram of the set of points

∪n
i=1 V (ai) (2)

3 The Procedure

The protocol has three different phases. Before we discuss details of the procedure
we will take a look at overview of procedure
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3.1 Initialization Phase

Sensor and actor nodes are deployed uniformly throughout the network area
under consideration. Each node uses location and grid size to determine the
grid ID. The estimation of Grid size is also important for reliable connectivity
and we have to ensure that the active member in adjacent grids are within
transmission range. Active member in adjacent grids must communicate with
each other provided they are within their transmission range. If the grid size
is too large some active member in adjacent grids may be out of transmission
range. This must be avoided so as not to experience early network partition. The
upper bound for a square grid with width r is calculated as follows:

r ≤ Rc

2
√

2
(3)

Z
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X Z
r r

r

r

M

Fig. 2. Grid size computation

This Figure - 2 shows that if the grid size is less than or equal to r, where
Rc is the maximum transmit distance, the active member in adjacent grids are
within their transmission ranges. Node Scheduling - Sensor nodes within a
grid coordinate and the node having highest energy level becomes active. Each
sensor node calculates an expected life time considering maximum utilization of
its energy level. After some predefined time interval, every other sensor node of
that grid wakes up to receive a message broadcasted by current active sensor
node. The broadcasted message contains the nodes remaining life and the next
wakeup time for other sensor nodes of that grid. At this moment, if the current
active sensor node expected life value is less than a threshold value, the awake
sensor nodes remain awake until the next sensor node having highest energy level
becomes active and broadcasts its expected life along with the next wake-up time
for other sensor nodes. Neighbor Discovery - Once node scheduling is formed
among grid members, the active member in the grid sends HELLO message to
one-hop grid neighbors. This hello message including location id, grid-id, rate of
energy consumption, fraction of energy consumption. The last two parameters
are useful in selecting next hop neighbors while forwarding data to actor. Actors
Association - Each actor node periodically broadcast it’s location id, actor-id
within it’s communication range.

3.2 Event Detection and Reporting Phase

When an event occurs it is detected by the active sensor node inside the grid(s)
and forwards towards nearest actors by energy-aware greedy forwarding. If the
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Fig. 3. Network area divided into grids and Voronoi regions

Actor is in communication range of the sensor then directly forwards to actor.
If it is not in the communication range, the sensor node selects the next hop
grid active member based on the cost computing parameter. Each sensor node
periodically broadcast it’s hello message to one hop neighbor, it contains rate
of energy consumption and fraction of energy consumption. Rate of Energy
Consumption - Rate of energy consumption is the energy consumption per
unit time. It is calculated after each hello period, Hp. Each grid active node
keeps the track of number of hello periods occurred. We now calculate the rate
of energy consumption of a node at the start of nth periodic interval. Let Ein be
the energy at the start of the nth periodic interval and Ei0 be the initial energy
of the node i. Energy consumption of the node i till the start of nth periodic
interval is given by (Ei0 - Ein). Number of periodic intervals that elapsed till
the start of nth periodic interval is (n-1). Therefore, total time elapsed is (n-1)
× Hp. Thus, the rate of energy consumption after nth periodic interval, Rin, is
given by

Rin =
Ei0 − Ein

(n − 1) × Hp
. (4)

Fraction of Energy Consumption: Fraction of energy consumption is defined
as the total energy consumption per unit initial energy of node. Like rate of
energy consumption, fraction of energy consumption is also calculated after each
Hp. It is assumed in the proposed scheme that for nth periodic interval, value
of fraction of energy consumed is Fin till the start of (n + 1)th periodic interval.
Fraction of energy consumption of node i, Fin, is calculated using below equation

Fin =
Ei0 − Ein

Fi0
(5)

Cost Computation Parameter: When sensor node A needs to forward the
packet to actor node B, and the distance of sensor node A to actor node B is
D and distance of its neighbors (which are in the radio range of A) to B is d1,
d2, d3, . . . , dk, then reasonable fairness of energy at nodes can be achieved if
the packet is forwarded to the node, which has least fraction of energy consump-
tion (Fin). Further, reasonable fairness of number of hops traveled can also be
achieved if the packet is forwarded to the node which is at the minimum distance
from the destination. We aim at a scheme so that a packet should be forwarded to
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Fig. 4. Data aggregation along forwarding path within a Voronoi region

a Actor which also has minimum rate of energy consumption. We propose the
cost metric as

Cin = Rin ×
(

di

D
+ Fin

)
(6)

3.3 Actor Coordination and Reaction

The objective of this phase is to select best actor(s) to form the actor team, and
to control their motion toward the action area. The position of the sensors that
generate readings defines event area. The action area represents the area where
the actors should act, and is identified by processing the event data. In general,
the event area and the action areas may be different, although they may coincide
in several applications.

4 Simulation and Results

4.1 Performance Metrics

We use the following performance metrics to analyze the performance of our
protocol in terms of throughput, packet delivery ratio, average delay and nor-
malized routing overhead. Throughput: Throughput is considered as one of the
significant performance metric for any routing protocol. It is computed as the
amount of data transferred (in bits) divided by the simulated data transfer time
(the time interval from sending the first CBR packet to receiving the last CBR
packet). Packet Delivery Ratio: It is measured as the ratio of the number of
packets delivered to destination and the number of packets sent by source. Av-
erage Delay: Average delay is the ratio of sum total of delay for each packet and
the total number of received packets. Average Energy Consumption:The metric
is measured as the percent of energy consumed by a node with respect to its
initial energy.

4.2 Simulation Environment

We simulate our idea in NS-2 with simulation parameters as shown in the
table 1.

The topology of the network is generated by dividing the network area into
square size grids of fifteen meters length and placing two nodes in each grid
randomly.
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Table 1. Simulation parameters

1 Simulator NS-2

2 Simulation time 200sec

3 Simulation Area 200×200

4. Number of Nodes 200

4 Transmission Range 50 meters/sec

5 Grid size 15 meters

6 Traffic Type CBR

7 Data Payload 128 bytes

8 Mac Layer 802.11

9 Propagation Model Two-RayGround

10 Antenna Omni-directional
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Fig. 5. Simulation Results

4.3 Results and Analysis

During the simulation process we have closely observed the different perfor-
mance metrics for various CBR intervals ranging from 0.25 seconds up to 2.0
seconds with a step of 0.25 seconds. This is basically the variation of traffic
load in the network. Graphs for CBR intervals (traffic load) against all the per-
formance metrics(as mentioned in the above section) were constructed which
clearly depicts that our protocol outperforms in all respects. First four graphs
are comparing the greedy forwarding vs energy aware greedy forwarding against
all performance metrics. Rest graphs are comparing all performance metrics by
considering two actors, three actors, four actors. For the all simulation results
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are taken with initial energy of each sensor node is considered as 25 units and
transmission power is 0.6w, receiving power is 0.3w.

5 Conclusion

The protocol emphasizes on coordination among sensor and actor nodes for
WSAN based on Voronoi region and virtual grid and reduce congestion and
redundancy in the network. The protocol divides the network area into grids
and in each grid only one sensor node remains active. Sensor nodes gather event
information and send it to nearest actor node based on Voronoi region. The
important characteristics like real-time requirements and efficient utilization of
available node energy are also taken into consideration. The advantage is that
as for each sensor node there is only one closest actor node based on the Voronoi
region, there will be no problem of deciding the actor node to which data needs
to be transmitted upon detecting an event which is a major challenge in WSAN.
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