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Absteact: In order to implement wireless sensor nerwork in
automation process application, two configurations  are
Autonomous and Central. In this paper these two
structures are compared from the energy consumption
viewpoint. Central and autonomous networks are simulated
by Prowler smulator, In order to simulate the networks,
SCAR routing algorithm is implemented in the second
tion. Prowler s used as simulator which is described in
section 3. It is explained how it is modified
model is implemented. In section afier 50 random topologies
are examined and their average 15 extracted to make the
results mdepcudcnl from the mpuxou» The networks® and
nodes” energy consumptions are scparately monitored to
compare their behaviors. The result it il e ]
network encrgy consumption to the autonomous one. It is
depicted the nodes” energy consumption in central network is
distributed with higher standard deviation. Based on the
result i will be discussed how the aufonomous structure is
more beneficial.
Keywords; wireless sensor network, autonomous network,
central network, energy consumption, energy consumption
distribution, prowler, sequential coordinate routing algorithm,
automation process.

1. Introduction

Implementing wireless sensor network (WSN) in autonomous
logistic system [11] has led to the new research area of
companing the autonomous and central network structurc for
WSN The autonomous network and the related concepts can
be generalized (o discrete event control Syster in aulomation
process applications. As example of such  applications
intelligent container [11] and Heaung, Ventilating and Air
Conditioning (HVAC) system can be named. In order to
mpare the functionality of the two networks’ structures, the
networks energy consumption and the nodes encrgy
consumption distribution are considered in this paper.

In WSN, which is used for sensoractuator wircless
network in this paper, all nodes are equipped with a wireless
transceiver, a tiny event driven microcontroller and batteries
a5 power supply. “Tmote sky” from “Moteiv” [2] i taken for
experiment and simulation as sample of such nodes.
ot Tange of the adls, tansccivea s Lmited) Ghrefors
mesh topology is applied for establishing the network [3]
Applying mesh topology for the networks requires a routing
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sithm for forwarding the message one by one fo o
destination.

In central network architecture, the sensors send their
information t© the center of the network. When gollegipe
information is completed by the center, it performs. the
predefined control tasks and makes decisions. Then it o
instructions 1o the acruator(s) in the network, In a central
network with mesh topology. nodes communicate either from
the center t0 the node or from the node o the center. In this
case. a routing algonthm called sink-oriented 15 applied.
Sink-oriented algorithms support node-center or center-node
path finding,

In an autonomous network each node has the capability to
make decssions and perform discrete event control tasks like
wming on-off the actuators The nodes perform  their
predefined control task. If they need the data from other
nodes for making a decision, they can send 2 request and ask
for data After msking the decision, sensor can send
instructions (decision) to other actuators (sensors). A routing
algorithm called target-oriented is needed o send a message
directly to another node without intervene of a center 5]

In order to assess the networks and nodes energy
consumption behavior, they have to be simulated. There were
two things to be prepared for simulation, The first one was
the base topology and routing slgorthn, the second one was
the simulator For producing the base topology, m!\dmn
‘generator and graph theory concepis were used. m
topologies with maximum 200 nodes were simulated in order
1o have independency of the simulation result from the
topology. In each topology 200 random pairs were chosen as
seasor-achuator pairs. For messages routing over the mesh
topology, Sequential Coordinate Routing Algorithm (SCAR)
(5] was applied. This algorithm has dual functionality; if can
work as the sink-onented algonithm as well as the target-
oriented algorithm, therefore it could cover both networks. It
means that in final simulation result, the difference betwecn
autonomous network and central network is independent
from the routing algorithm properties, because both of the
networks use the same routing algorithm. Generating of
random topologies and implementing SCAR are detailed in
the next section

For network simulation described in this aper
robabilistic wireless network simulator (Prowler) [1] w
used In compartson to other simulators like TOSSIM [4] m
Prowler has the advantage that different tasks could be
assigned 1o different nodes while in TOSSIM application for
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all nodes must be the same. The random topologies with
SCAR algorithm are inserted in Prowler. For measuring the
energy consumption, energy model of the nodes wireless
transceiver was implemented in Prowler. In section 3
overview of Prowler is given and implemeatation of random
topology, SCAR algorithm and node’s energy model are
xplained. Results of the simulation and an optimization
factor are discussed in section 4. Differences among the two
networks functionalities are also discussed in this section.

2. Random Topology Generation and SCAR
Implementation

Tn order to simulate autonomous and central network, initially
a base topology should be defined. Topology of the network
could have impact on the result of the simulation; therefore
result could be manipulated by predefining the topology. To
avoid this problem, topology is defined by random scattering
of points. Two hundred (200) points are scattered with their
Cartesian coordinate by MATLAB random generator. Then
with the help of the channel attenuation function of the
simulator (Prowler) radio model, received signal strength in
other nodes is calculated. When a node signal reception is
greater than the minimum required reception level, the two
points are connected. In this way a graph is constructed with
the nodes and their connection. This graph is not necessarily
a connected graph [8]. It could have some isolated
components, which represeats the isolated nodes. They are
removed by the usage of the Deep First Search (DFS) [10]
algorithm. The remained graph is the component with the
maximum number of the connected nodes. This graph is
called network ~graph. Deleting the  smaller
components does not have an impact on the simulation result,
because each of them could be considered as a different form
of random generation output

nstructing the base topology, the SCAR algorithm
et up. In SCAR, the message is routed based on the
sequential coordinates associated with each node [S]. When a
node receives a message, it looks at the destination’s
coordinates inserted in the message header. Subsequently
based on it's coordinates and the destination’s coordinates,
the node finds the next hap’s coordinates. Afier inserting the
coordinates in the message header, the node broadcasts the
message. When the next node reccives the message, it looks
at the next hop's coordinates. If they are not the same as the
secerver's coordnates, receiver node ignores the message;
otherwise 1t follows the above procedure to find the next
hop's coordinates again, In case that the destination’s
coordinates are the same as the receiver node’s coordinates,
message 1s armived at the destination and transmission task is
over.

In order to assign the sequential coordinates to the nodes,
the Minimum Length Tree (MLT) of the network graph is
extracted. Before this step the edge weight of all the
connected pairs should be defined. The edge weight is
defined as the difference between transmitted and received
signal powers. In reality. the edge weight is camputed by
differenice between the signal transmission power and
Received Signal Strength Indicator (RSSI) [7] register value.
By defining the edge weight in this form. they repre:
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channel attenuation between two nodes. MLT 15 a tree of this
graph so that the total summation of its cdges® weight is
minimal. Based on the claim in 5] the total network energy
consumption over the infinite time transmission would be
less than any other trees of this network. MLT is extracted by
“Kruskal” algorithm [8). Afier extraction of MLT, the
sequential coordinates are assigned to the nodes.

o the central network, the place of the center has a
significant impact on the network's energy consumption.
Therefore based on the graph theory concept, center is
Tocated on the median of the network [6]. A node that has the
minimum summation of distances from other nodes in a
network is called Median. In median of the network, the
nodes consume minimum energy to transmit the message to
the center. On the other hand, location of the center is defined
by the topology properties. Consequeatly any result in the
energy consumption is driven from the topology properties
a0 nteveped b toecshes gl e, oo
Median is found by “Dijkstra’s” m [6]. the
result of the simulation is dependent on the sencrted e
topology, this process is repeated for SO times in order to
d 55 random topolopies, The final product 5 a st of 50
topologies with random distribution and not-fixed node
‘numbers. Each node hes a specific and unigue coordinate in
each topology. The simulation is run for all thesc S0
topologies with autonomous and central architecture, then the
average of all the 50 results are computed as the final result

3. Prowler Modification with Energy Model

3.1 Prowler Introduetion [1]

platform which works with TinyOS. Prowler is event driven
like TinyOS and applications are called by firing an event. It
can incorporate any number of nodes and applications. One

of the positive factors of Prowler is that the nodes can be
distinguished by their IDs. Also different applications or
statuses can be defined for each of them, whereas in some
common simulators like TOSSIM it is not possible (4] [9].
Prowler supports a Graphical User Interface (GUT) with
command line and visualization.

Each event is defined by a name and all the events are
inserted in an event handler queue After performing an event
task, event handler orders the events queue with respect to
events® timing and runs the events with higher priorics
Timing in Prowler is based on the bit timing. It assumes the
bit rate as 40 kb then 40 thousand time units is counted as
ane second. Simulation will run for specific period of time or
limited number of events, After one message reaches the
destination o a message was forwarded by all the nodes m
flooding, the first sender node is initialized for sending the
message one more tme by running the “Clock_Tick™ evernt

Prowler uses a simple carrier st ple aceess
protocol for MAC-layer. 1t waits for randam time interval,
and then it checks the transcerver channel. If the channel 15
occupied, it awaits for a random back-off tme mterval and
then checks the channel again. If i 15 not busy, 1t trausmuts
the message. If channel is busy, it repeats the process four
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fimes. Consequently if the channel is busy at all
1t drops the message.
Prowler has the capabiliy to detect data collision. It

o in
“transmit” or “receive™ mode, data collision happens. Prowier
uses a channel model for computation of received signal
strength It can apply the environment noises by random
probabilistic value on the received signal quality. By using
this technique it s able 1o model the environmental noises
and nondeterministic nature of the communication channel.
Prowler provides a “sysstatn” file for enalyzing the result of
the sumulation and extracting the nodes and the system
statistis

3.2 Prowler Modification

In order to use the Prowler for the simulation of autonomous
and central networks, a few changes have 10 be done. These
changes refer to the parameter changes and adding the
application and the simulation presentation. Prowler supports
a graphical user interface, which is not required in this
application. On the other hand it takes a long time to run the
simulation. Therefore the visualization and GUI were
removed and the core of the smulator 15 used for the
simulation

‘Whenever the above simulation runs, a message is sent to
a receiver This change is led to remove the re-initialization
of the simulation task during the simulation petiod. It means
that the simulation 1 new condition will be over if the
‘message reaches destination during the simulation time. After
running each simulation, the “simstat.m” is called and system
and nodes statuses are saved for later statistic analysis

Since this research is based on the “Tiote Sky” platform,
some parameters in sinulation were changed Prowler
parameters are set for MICAZ with 40 Kbits's bit rate,
therefore bit ftime is set to 1140000 5. In Tmote sky, the
CC2420 radio chip 15 implemented which works with 250
Kbiots's. Considering this fact, the bit tme was changed to
inverse the new bit rate (1/250Kbits’s). In order to have a
bcﬂcr resoluuon the generated Cartesian coordinales u{c.uch

topal were  muliiplied by
“RECEPTION, LINIT" way st t0 0.5 This reception Gimit
with radio model function (refer o Eq. (1)) s almost equal to
0.1 in a one square unit dimension plane, Prowler considers
output transmission power indeterministic by incorporating a
variauce coefficient. Since i our energy model the
programmable transmission PUPSNSE taken into consideration,
this variance parameter is fixed to zero in order fo have
deterministic behavior.

S = P it (¥ =

Fou
m

T+x
When a packet does not arive to destination R)r any

reason, the packet is defined as lost. For recording the
ey of he lost packets, an event “Packet Lost 1 added
to the events. In the “topology.m” file, new topology
structure is generated. The routing algorithm 15 integrated in
“channel_idle_check” event. If the channel is idle, the SCAR.
is called In order to find the next hop. Based on the radio
propagation data, the required transmission power for next

hop is computed. In reality, the transmission power can be
computed by looking at the st received RSST value from the
receiver node. By clanfying the transmission power the
overhearing nodes are identified Because their reception
e o of etk eergy comeuiopio L abafeon
their reception can cause the data collision with other nodes.
In this simulation it is assumed that all nodes work in same.
channel. n order to simulate the energy consumption, the.
wansceiver energy model was implemented in Pro

3.3 Energy Model

The physical layer energy model is divided mm two parts
reception and transmission energy
consumption 1s calculated by Eg. (2). The it chip supply
voltage (Vpp) and the reception current (I are cxtracted
from CC2420 data sheet (7). The tme “t" is computed by
multiplication of the TinyOS packet length which is equal o
40 bytes (320 bits) and the inverse of the redio chip bit rate
250 Kbits's (1 750Kb1|s’s)
B = P R x

21 x0,0197x40xsx (250000 = @
52.95 1/ packet

Table 1. Energy consumption for each bit transmission

08 levels
Tevel Trwe (MA) Wy, Jper B
w/bit)
& .5 0714
083
7

5
7
7
8
5

The transmission energy is computed in the same way; the
only difference 15 that because of the different ransmission
levels the current consumption 1n each level is different
Table 1 shows the transmission energy consumption for each
bit. The values of Jyqs are from CC2420 data sheet [7] In
Prowler whenever a message is transmitted or received, even
il it s a colluled messag me energy consumption is
computed The value is placed into energy consumption field
of the corresponding event, In “simstat.m” by analyzing the
events queve, the corresponding node’s 1D and energy
consumption are extracted and inserted in the node's statistics
The node statistics of each topology are used for simulation
result assessment. It 1s important 1o note that this simulation
is just for data transmission and 1t does not include the
microcontrolfes process encrgy consumption. The wireless
nodes usnally work m sleep mode. Whenever they re
wnterrupt, they wake up. Afier performng the computation,
they g0 back 1o the slecp mode. Transition from the sleep

e 10 the awake mode (or vice versa) cost energy. Since
the transition energy in comparison o transmission or
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reception energy is very small, it is neglected.
4. Simulation

To compare the autonomous and ceniral networks, a task is
defined. In this task 200 random nodes are supposed to
measure an environmental perameter like temperature. The
decision corresponding o each parameter is made. Then 200
other random nodes receive 200 decisions based on the first
group of the nodes’ data In reality, the first bunch of 200
nodes could be sensors (Group S) and the second bunch
could be actuators (Group A) The data ransmission is done:
one by one separately for 200 times so that a sender from the
“Group S” communicates with a receiver node from the
“Group A, then it is repeated again. The difference between
autonomous and central network 1s where the decision is
made. In the central network the nodes from the “Group S”

send their data to a center. After center made the decision, it
sends the result o the corresponding nodes in the “Group A”.
In autonomous network not only the “Group S” of the nodes
‘measures the environmental parameters but also they make
the decisions as well. Then they directly send their decisions
1o their corresponding node in the “Group A” of the nodes.

Energy Consumpion of Autonorcus and Contral Network

o ot

2 5 Comitatork

%n

§
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& -
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§ o

2
e
Taamissn Narbet

Fig 1. Networks” energy consumption for 200 random pair
of nodes in 50 random topologics.

The honizontal axis of Fig. 1 and Fig.
transmission numbers between nodes from the “Group S and
nodes from the “Group A”. The vertical axis of Fig. | shows
network energy consumption in mill joule (mJ). In order to
bave independent result from a topology the above
experiment is done for 50 random topologies. Each network
energy consumption value on the Fig | is average of the
energy consumptions of 50 random topologies.

In Fig. 1 it is observed that for performing the above task
in two networks, the central network consumes more energy
than autonomous network. At the end of the task, the total

‘about 75 percent more than the autonomous one. A
network is said to perform better when it consumes less

169

energy for a task in comparison with other networks. In other
words, less energy consumption for a task means better
performance. Then, the performance is proportional o the

inverse of energy consumption values. By considering this
relation between energy consumption and performance, Fig.
2 shows the comparative performance of two networks. It can
be seen that not only the performance of autonomous network
1s higher but also when the number of

transmissions between

Comparative performance

) %
. Transmission Number

Fig2. C f auto d
central network

Nades energy consurmpions of a random sample topology

Nodes energy consumptions (mJ)

Nodes Index

Fig 3. Nodes energy consumption of a sample random
topology

In Fig. 3 the nodes’ energy consumption of one random
topology for the above mentioned task is epicted. This graph

juced after sorting the nodes’ energy consumption
values. The larger energy consumption values of the nodes

Communications of SIWN, Vol. 6, April 2009, pp 166-170
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are brought to the middle of the horizontal axis and the
smaller values to the comers. Tn this
that the nodes” energy consumption in the central network is
distributed more widely than the autonomous network
ler to investigate this result in general case, the
standand ™ devitona averages of the node’s enerzy
consumpiion for 50 random topologies are lmed in Table 2.
sl\ows that the average of the nodes’ eneray
for 50 random topologies and i e
dzvmuons u\cruge in the central network are greater than
same eter in the autonomous network. Briefly the
Concligions seo At tho average of the nodes’ energy
consumption in e ckaiabineiork greater than the
autonomous one and also the network energy consumption is
distributed over the nodes more evenly in the autonomous
network.

Regarding 10 these results it is implied that in & central
network some nodes are depleted much faster than the other
nodes and in an autonomous network nodes are depleted
more homogenously, then in central network some nodes
need to be cared more frequenty. It leads to increase of
maintenance cost of the nerwork and network become less

robust. This is considered a disadvantage for the central
network.

Table 2. Average of node’s energy consumption and
tandard deviations of 50 random topologies

Central  Autonomous
Network _ Network

Aveage ofnodes enersy ¢ ) '

cansumption (m)

‘Average of standard P 3

deviations

In the antopomous network the process enerzy for
computation of a control task is provided by the nodes’
auery while in a central network the process energy is
provided by the center which usually has unlumited power
supply. In Table 2 the dlﬂlnncc bcnu.m the nodes average
energy consumption i (5.02- mJ. Tt implies that if
up 103,58 mJ is devoted to me compumnou in each node, the
autonomous network sall consumes less energy than the
central network

5. Conclusion

In this paper, as the first step the two concepts of the
autonomous and central networks are explained Next, SCAR
routing algorithm and Prowler as a simulator are mtroduced
By implementing the sensor energy model in Prowler, a
simulation is ran for autonomous and central networks. By
comparison of the networks’ energy consumption behavior
and networks’ energy consumption distribution over the
nodes the following results are extracted In the case of a
node s being informed of another node’s data or decision,
generally a central network consumes more energy than an
autonomous one. In comparison (o an autonomous network,
a central network's performance drops faster. An average

Jafari et al  Energy Consumption Comparison befween Autonomous and Central Wireless Sensor Network

node's energy consumption in an autanomous network i less
compared to a central network. The network energy
consumption distribution over nodes in an autonomous
network is more homogenous then a central network. In
central network some nodes are depleted much faster than
others, therefore reduces the maintenance time period. It
leads to have less robust network with more maintenance
cost.
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