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ABSTRACT
Recent trends in sensor network simulation can be divided
between less flexible but accurate emulation based approach
and more generic but less detailed network simulator mod-
els. We offer an approach with the flexibility of network sim-
ulators and provides the accuracy comparable to emulation
based approaches. We describe the design and architecture
of sensor network simulator which provides a rich suite of
following models: sensing stack to model wave and diffusion
based sensor channels, an accurate battery model, proces-
sor power consumption model, energy consumption model
and sensor network based traffic model. We also present
our study on the effects of detailed modeling on the per-
formance of higher layer protocols. We describe the impact
of using accurate models for battery, processor power con-
sumption and traffic models on the network layer statistics
as network lifetime and availability, throughput and rout-
ing overhead. Our results show there is high sensitivity of
model accuracy on network and application level statistics.
In extreme cases we have noticed an inversion of results with
our accurate models as compared with previous generation
of abstract models.

Categories and Subject Descriptors
I.6.5 [Computing Methodologies]: Simulation and Mod-
eling—Model Development ; I.6.4 [Computing Method-
ologies]: Simulation and Modeling—Model Validation and
Analysis

General Terms
Performance, Design, Experimentation, Verification
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1. INTRODUCTION
The advances in MEMS based sensor devices and minia-

turization of processor and radio as sensor node package has
led to emergence of sensor networks. Interesting scenarios
and applications can be conceived that deploy these nodes
in a field where they work collaboratively to sense the en-
vironment, perform in-network computation or storage and
communicate with monitoring station if and when interest-
ing events occur. As they are envisioned to be deployed
in large-scale it is necessary that the development phase be
preceded by simulation to develop prototype, validate and
compare performance.

The network simulation for sensors is a challenging prob-
lem as it has to faithfully model the constraints of hardware
and energy, which is typical with sensor nodes and also have
to model various aspects exclusive to sensor networks. Cur-
rent efforts in sensor network simulation can be divided in
two camps. First category is the emulation-based approach,
which provides accuracy in certain aspects of modeling at
the cost of flexibility and completeness of simulation. The
primary purpose is to help in early prototyping and debug-
ging of applications. The other approach is close to network
simulations, that focuses on scalable and modular design
but do not model the various components accurately. We
present our work as a bridge between the two ends: we pro-
vide a network simulation oriented approach that includes
a rich set of detailed models.

In this paper we present the sensor network simulator ar-
chitecture that provides support for sensing capabilities in
network nodes, sensing channels that include wave and dif-
fusion based propagation, an accurate and efficient battery
model, processor model to account for the delay and energy
consumed by execution of code, power consumption model
to faithfully represent an actual sensor hardware and sensor
network oriented traffic model.

We also show the impact of these detailed models on
the performance of network and application layer protocols.
This is similar to the work done in [11] which evaluated
the effects of utilizing details in modeling in context of ns-2
simulator, and in [25] which evaluated the effect on the per-
formance of higher layer protocol by detailed physical mod-
els, in context of GloMoSim simulator. We have studied
sensor network models in the context of network simulation
and this is the only work to our knowledge that compares
the effect of detailed models on the performance of sensor
networks. The following three case studies illustrate the im-
portance of using accurate and representative models.



1. We use an accurate battery model to study the tran-
sient behavior of a network when its power supply,
as represented by the aggregate battery lifetime of all
its node is being depleted. In particular, we show
that route fluctuations and routing overheads are very
sensitive to the accuracy of the battery model; conse-
quently the bit rate throughput and application layer
metrics are impacted in a non-linear manner by bat-
tery model used in the simulation.

2. Accounting for the processor power consumption to
measure the power consumption of nodes in the net-
work have shown important trends in application level
performance that are not visible when using only radio
power model.

3. Using a realistic sensor network traffic model had a
dramatic impact on the relative performance of dif-
ferent routing protocols. With equal offered load in
the network and using random source-destination pair
CBR traffic we found performance of AODV and DSR
protocol to be very similar. However, with a traf-
fic mode that was more representative of sensor net-
work we discovered that DSR outperforms AODV by
as much as 500%.

To summarize, the contribution of our paper is two-fold:
we present a rich suite of detailed models for sensor network
simulation and we show the impact of detailed models on
the predictions of network performance when using these
models.

The rest of the paper is organized as follows: section 2
discusses the related work in modeling of sensor networks,
section 3 describes the simulation architecture and models,
while the quantitative effects on performance of network and
applications of these models are shown in section 4. We
conclude in section 5.

2. RELATED WORK
Sensor Network Simulation: Existing work on sen-

sor simulation can be categorized under four sections: using
pure network simulators, extensions to network simulators,
building simulators from-the-scratch and emulation of sen-
sor hardware. The commonly used network simulators are
ns-2 [17], GloMoSim [29] and its successor Qualnet [5] etc.
These simulators have been enriched with sensor network
specific MAC [27] and network [12] protocols, but they do
not model any other aspect of sensors.

SensorSim [19] extends the ns-2 network simulator with
models of sensor channels, accurate battery and power con-
sumption. Each node has a sensor stack that acts as a sink
to the signals in the sensor channels or can generate such
signal. This is closest to our work in terms of philosophy
of sensor network simulator architecture. However, we have
extended the features by including diffusion sensor channel
model, code execution analysis and a more accurate battery
model.

The whole class of start-from-scratch simulators focuses
on the ability to simulate very large number of node and is
less concerned with providing detailed models. Sensor, En-
vironment and Network Simulator, SENS [24] is a platform
independent, modular and scalable architecture for model-
ing the network communication, applications and environ-
ment. The various entities are modeled as components in

a graph and these components can communicate. Direct
portability of sensor code is possible by linking with the
application API library. SENSE [6] is a simulator that fo-
cuses on providing extensibility, scalability and reusability.
They have used a different architecture for simulation: the
component port model, where different components can be
interfaced easily. The work on models is still in progress,
the existing suite is simplistic even compared with network
simulators. SensorSimII [26] also aims at providing mod-
ular architecture. The wireless protocol stack is borrowed
from network simulators and the applications can respond
to triggers from sensor component. Simulation of Wireless
Adhoc Networks, SWAN [15], is an effort toward simulation
of very large networks. They have used DaSSF, Darthmouth
Scalable Simulation Framework [16] as base architecture in
which they have added the wireless protocol stack and sens-
ing model

TOSSIM [13] is an emulator of TinyOS for the mica motes
[8]. The emphasis of this tool is to be able to develop and
debug the applications targeted for mica motes. The net-
work support is very simple. The simulator assumes that
all nodes are running the same code. TOSSF [20] extends
the simulation functionality by adding the SWAN scalable
framework into it. Atemu [1] is an emulator for AVR based
processor. It completely emulates the mica2 board and pro-
vides simple channel model for simulation.

Battery Models: Perhaps the most accurate model for
battery behavior is due to Newman [10]. They consider the
microscopic properties of battery elements and solve a set of
partial differential equations numerically. A more abstract
model include [18], which use markov model to predict the
lifetime of battery. In between these extremes is diffusion
based model from Vrudula and Rakhmatov [22] in which
they have abstracted two parameters to characterize a bat-
tery: capacity and non-linearity. We have used this model
in our implementation of battery model, but have optimized
it for the special case when the loads are of small magnitude
and duration.

Processor Power Consumption: JouleTrack [23] pro-
gram takes as input a program and target processor type. It
cross compiles the code into that architecture and emulates
the code to output the execution time and power consumed
in executing the code. They have created a database for
power consumption by each instruction type for StrongARM
processor [3]. This is a standalone program, and it is not
easy to see how it can be integrated with network simula-
tors. A more detailed analysis of power consumption is by
SimplePower [28] tool that use SimpleScaler [7] simulator of
target processor that considers memory interaction, cache
miss etc. This is too slow and probably too detailed to be
used in network simulations.

3. SIMULATOR ARCHITECTURE
In this section we describe the various models that have

been added in Qualnet network simulator. Fig 1 outlines
the sensor node architecture.

We can divide the component diagram in five broad cate-
gories: (a) Sensing Channels and Stack (Sec 3.1): An exclu-
sive feature of sensor networks is their ability to sense the
environment. Here we describe the models we have added for
wave-propagation and diffusion based sensor channels; (b)
Battery Model (Sec 3.2): we use an analytical battery model
[22] and describe our optimization that improved the per-



Figure 1: Sensor Node Architecture
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Figure 2: Real battery behavior.

formance by three orders of magnitude; (c) Processor Model
(Sec 3.3): we provide a non-emulation based approach to
account the power consumed and delay introduced when
executing the protocol and application code by the proces-
sor. We describe our methodology for StrongARM SA1100
processor, which is used in WINS sensor node [9]; (d) Power
Consumption Model (Sec 3.4): describes the mechanism to
model power consumption for any number of devices based
on actual hardware specifications, and the agility to eas-
ily switch from one architecture model to another; and (e)
Communication Stack and Traffic Model (Sec 3.5): we de-
scribe a traffic model that represents sensor network traffic
more closely.

3.1 Sensing Channel Model
A typical sensor node is equipped with one or more of

the following sensors: seismic (acceleration), acoustic, heat,
magnetometer, pressure, chemical etc. Each of these types
senses some phenomenon that propagates either through
wave mechanics or diffusion. The former follows the in-
verse distance power law and suffers from path-loss, fading,
multipath etc (e.g. sound waves, seismic waves). The latter
can be defined as the property of movement of specie across
a gradient from region of low concentration to high (e.g.
heat, chemicals in air). We have implemented both of these
propagation models (channels), which we describe next, as
building blocks upon which any specific sensor channel can
be defined.

The wave propagation channel is implemented similar to
the radio propagation models of Qualnet simulator. For
diffusion channel we have used Fick’s law for temperature
gradient and Fourier’s law for concentration gradient.

Whereas the two channel models described above are global
data structures, a sensor phy is defined per node. It is that
part of sensor node which interacts with channel model to
read the value, provides API to the application layer and
can act as actuator to influence the environment.

3.2 Battery Model
An ideal battery is usually viewed as reservoir of charge

from which an amount equal to the load can be subtracted,
until the capacity falls to zero. However, this is not an accu-
rate model as a real life battery shows non-linear discharge
behavior and recovery effects [14]. Non-linearity implies that
the battery drains at increasingly faster rate when higher
loads are applied. The capacity of the battery is dependent
on rate of discharge, as shown in fig 2(a), which should have
been a horizontal line in an ideal case. A battery can also
recover some of its capacity lost earlier, if it is allowed a rest

period or discharged at lower rate. This is shown in fig 2(b),
where battery goes through alternating states of discharge
at 600mA for 2 min and rest period of 2 min. Data for
both is collected using Dualfoil program [2] for lithium-ion
battery using the default parameters.

In order to model the battery behavior accurately we have
used the model due to Vrudhula and Rakhmatov [22], in
which they have explained the non-linearity and recovery
by process of diffusion of electrolyte. Let I(t) is the cur-
rent drawn from the battery at time t, then the battery

capacity used after time T is given by C(T ) =
R T

0
I(t)dt +

2
P∞

m=0

R T

0
e−β2m2(T−t)dt. The lifetime L of the battery is

obtained by solving the equation α = C(L). Note that the
first term in the equation is the ideal power source consump-
tion while the second term represents the non-linearity and
history based recovery.

However, this equation is inefficient to simulate packet
level events. The model was primarily designed for user ap-
plications running on PDAs where load profile lengths are
10-100, have large current values and running time of ap-
plications in minutes (as reported in their experimental val-
idation data). For network level simulations, the duration
would be milliseconds (time to transmit a packet, for exam-
ple), small current drawn (low power radios in sensor nodes)
and the profile length is in order of 100s of thousands. Our
first attempt to use the equation described above directly
failed, as it was very slow. We describe next our optimiza-
tions, in which we observed the behavior of the equation
under the case when the loads applied are low and for very
small durations and found that we can achieve a perfor-
mance gain of three orders of magnitude with the optimiza-
tions.

Model Optimization: If current I is applied for dura-
tion T, then the total battery consumption can be written
as C = I*T + L, where I*T is the ideal discharge and L is
the excess discharge. The value of L is maximum at time
0 (defined as time when the load is taken off from battery)
and decreases in magnitude with time, and finally goes to
zero after sufficiently long time.

The value of L at any time t can be obtained if we have
following two pieces of information: the maximum excess
consumption, Lmax and the rate at which it decreases with
time. We have observed that for a given value of current the
value of Lmax depends linearly on duration T, for small val-
ues of T. If we know beforehand what are the possible values
of current drawn from battery, we can store this function as
pre-computed result.

The rate of decrease of L is shown in fig 3. We have plotted
the percentage excess consumption, defined as 100*L/Lmax%.



Figure 3: Recovery of ”excess” consumption with
time
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Figure 4: Performance gain with optimized code

We observed that the curve is same for all values of T, if it
is small. We fitted a 8th-degree polynomial function with
this curve and store it as pre-computed result in our simula-
tion. During runtime we use these two functions to evaluate
the capacity consumed. Fig 4 compares the performance of
our optimized model with the original model, where we see
improvement of over 500 times while within 0.1% error.

3.3 Processor Model
The sensor nodes are equipped with very low-end proces-

sors or micro-controllers [8], [9] and therefore, would take
non-negligible time to execute the protocol and application
code. Moreover the power consumed could be a significant
proportional of total power consumed. It is, for these rea-
sons, necessary to also model the behavior of code executed
by the processor. However, we do not like to take the pure
emulation based approach (e.g. [13], [20], [1]), as emulation
becomes bottleneck for scalable simulations and it restricts
the simulator for one sensor architecture only.

We propose an approach that differs in two ways. We
do not use any particular hardware specific code, but work
with the code in the simulator. That is, we assume that the
protocol and application code written in simulator is close
approximation to the actual code. In this we tradeoff be-
tween the accuracy obtained by utilizing specific hardware
optimized code with the flexibility to use the same code for
multiple platforms. The other distinction is that we use
emulation of target platform (the sensor processor) only for
precomputing results. At runtime, the simulation is carried
out in native code. In the precomputation stage, for each
high level branch and control flow in the code (e.g. packet
received but discarded at MAC, AODV timeout and cache
flushing and so on) we keep a table of number of instruc-
tions executed by target processor. We can keep multiple
data bases for different target platforms. At runtime, while
executing the code when we come across these branches and
control points, we look up from the table to find how many
instructions must have executed on target processor.

Here we describe the methodology for creating database
for StrongARM SA1100 processor running at 133MHz, used
in WINS sensor nodes [9]. We use LARTware [4] cross-
compiling tool to cross compile the Qualnet source code into
the StrongARM binary format. We use the SimIT toolkit
[21] from Princeton, which emulates the strongarm code on
linux/x86. We have added a system call into this toolkit
that dumps the number of cycles executed so far. We place
these system call at all the entry and exit points of the pro-
tocol and application code (to ensure that only the protocol
code in the simulator is considered and not the simulator

code). To calculate the time spent in executing the code,
we can divide the number of cycles with the processor clock
frequency.

Once we can find the duration for which processor is active
when servicing a packet, we can use it to model the process-
ing delay. Also from JouleTrack [23] results we know that
average current drawn per instruction for this processor is
190.4mA. We can multiply the duration for which processor
is active with current drawn to compute the power consumed
by CPU.

3.4 Power Consumption Model
In this section we describe mechanism by which power

consumption for any number of hardware components can
be modeled. For each hardware type (e.g. CPU, radio,
sensors) we define a set of states (e.g. processor: active,
idle, off; sensor: on, off etc) and keep a table that maps
the state of device with the current it draws in that state.
There could be multiple hardware instances of same type,
for example multiple radios in a node; in which case we keep
multiple entries but pointing to same table. Any change
induced by environment, communication or internal events
may result in change of states. The total current drawn is
the sum of currents of all components, and this value is fed
into the battery model.

3.5 Wireless Protocol Stack And Applications
Wireless Protocol: We are in process of implementing

SMAC and diffusion protocols. For purposes of our experi-
ments we have used MAC802.11 and IP implementation.

Sensor Applications: We propose a traffic model that
describes sensor network traffic more accurately and an ap-
plication based on it. We start with observing the fact
the most common deployment scenario of sensor network
is monitoring or surveillance within a locality. If a phe-
nomenon of interest occurs then all sensors in the vicinity
would sense it and become source to relay the information.
The second observation is that the destination is also not
randomly selected. The purpose of sensor networks is to
relay the information to the monitoring stations. That is,
the destination nodes are not some randomly selected nodes
in the network but the monitoring stations themselves or
gateway sensor nodes that connect to these stations.

We can abstract out the above two observations to define
a traffic model for sensor networks:

1. The source is a group of nodes that are close to each
other. The size of the group depends on the density of
the sensor nodes and area in which the sensing effect
is observed.



 0

 1

 2

 3

 4

 5

 6

 0  200  400  600  800  1000  1200  1400  1600

N
od

e 
ID

Time (min)

Node Uptime

(a) ”Uptime” of nodes: Ideal Model

 0

 1

 2

 3

 4

 5

 6

 0  50  100  150  200

N
od

e 
ID

Time (min)

Node Uptime

(b) ”Uptime” of nodes: Accurate Model

 0

 2000

 4000

 6000

 8000

 10000

 12000

 0  20  40  60  80  100  120  140

C
um

m
ul

at
iv

e 
nu

m
be

r 
of

 p
ac

ke
ts

 
re

ce
iv

ed
 a

t d
es

tin
at

io
ns

Time (min)

Ideal Model
Accurate Model

(c) Cumulative number of CBR packets

Figure 5: Network uptime and packet delivery for Chain Topology

2. All source in a group connect to same destination. Dif-
ferent groups can connect to different stations, for load
balancing or supporting multiple applications. The
destinations themselves are chosen from a small sub-
set of nodes.

We describe an application that follows the traffic model
described above and it utilizes most of the models that have
been presented in this section.

Monitoring Application: The sensor nodes are equipped
with chemical (toxins) sensors that than detect presence of
harmful chemicals in air. Randomly at any given point in
terrain an outbreak of chemical occurs for some random du-
ration and some random spread, that is, area it will influ-
ence. Any sensor that lies within the spread area of given
outbreak, detects it and starts transmitting information to
any of the destination node. The information is transmit-
ted with K packets per second. The parameters to control
are density of sensor, number of outbreaks, radius of spread,
destination node set and data rate.

In section 4.3 we will see the impact of this traffic model
on the relative performance of AODV and DSR routing pro-
tocols. It is our hope that this traffic model is used for
evaluating protocols and applications in context of sensor
networks, rather than simplistic models like CBR that can
predict inaccurate results.

4. IMPACT OF HIGH FIDELITY MODELS
In this section we consider the effect of using accurate

models described in last section on predicted performance
of protocols and network. We will see that many measurable
quantities in simulation that are relevant to protocol design-
ers and network engineers, are highly dependent on the accu-
racy of models selected. We show the effect of using accurate
battery (Sec 4.1), processor (Sec 4.2) and application model
(Sec 4.3) on the network properties as throughout, routing
overhead, packet delivery and lifetime is sufficient to stress
the necessity in using accurate models for simulations.

4.1 Effect of Accurate Battery Model
In this section we study the transience phase of network

when the nodes in the network are beginning to run out
of battery. This unsteady state of network is important to
study as it allows to consider the graceful degradation of
protocols and networks. We show through the use of the
accurate battery model that the network in its final stage
of lifetime show fluctuating behavior in availability of nodes
and routes. This has direct influence on packet throughput
and routing overhead. With an ideal model we observe that

the throughput falls down to zero abruptly, as opposed to
gradually decreasing in case of accurate models. This dis-
continuous behavior of throughput change is unrealistic and
difficult for modeling and planning in operational research
problems. We also show that the behavior of routing proto-
cols is highly sensitive to details of battery model used. Uti-
lizing accurate model we show that nodes spend a greater
proportion of power on routing packet when the network
is in unsteady state. This is an undesirable behavior and
cannot be observed with ideal models.

We simulated a topology of sensor nodes similar to WINS
[9] sensor node. The sensor node is equipped with 100kbps
radio. The current drawn from the battery in transmission,
reception and idle states are 600, 400 and 20 mA respec-
tively. We assume 802.11 as MAC protocol and IP/AODV
for network layer. The parameters for battery are taken
from [22]. To focus on the transient phase of network, we
consider the case when each node is pre-discharged by 70%.
If the battery is discharged prematurely due to high load
and it later recovers its capacity, we switch the node ”on” if
the recovered capacity is greater than 5%. The simulation
is carried out, until all the nodes dies.

Chain Topology: Nodes are arranged in chain of length
5. CBR session is initiated from one end of chain to other,
with packet size = 512B and rate 2 packets/sec. As is ex-
pected the middle nodes die first (as they spend more energy
overhearing communication between other nodes). The net-
work lifetime is when the first node dies. Figs 5(a) and 5(b)
shows the uptime of each node when using ideal and accu-
rate battery model, respectively. Observe that in case of
accurate model, the nodes do not move from alive to dead
state abruptly but alternates between period of available and
”down” before finally running out of battery. This is an im-
portant result which shows that the behavior of nodes, and
therefore network, goes though periods of ”up” and ”down”
before dying.

Fig 5(c) shows the cumulative number of packets received
at destination with time. It can be viewed as a plot of
packet counter number, which is incremented after success-
ful reception of each packet vs. time. The slope of the curve
is the throughput at the destination. In case of ideal battery
model, the throughput is constant and remains so until some
intermediate node dies and it falls to zero immediately. With
accurate model, the slope of the curve decreases gradually
and reaches zero. We also note that the network is alive for
longer duration, but the total number of packets received at
the destination is lower in case of accurate battery model.
This discontinuous behavior of throughput drop when using
ideal model is a relevant distinction with accurate model.
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Figure 6: Packet delivery and routing overhead for Grid topology
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Figure 7: Cumulative distribution
of packets received at the destina-
tion

Grid Topology: 16 nodes are arranged in a square grid,
where the grid length is set to allow communication between
vertical and horizontal neighbors, but not with diagonal
neighbors. A CBR session is initiated between two nodes
along the diagonal. Fig 6(a) shows the distribution of pack-
ets received at the destination, which confirms again that
using accurate model avoids the discontinuity in through-
put.

For this topology we show the sensitivity of routing over-
head on battery model. Fig 6(b) shows the cumulative num-
ber of routing packets in the network with time. It is a plot
of cumulative number of routing packets dispatched by all
nodes till the given instant in time. For ideal case, we ob-
serve that there are two jumps in the number of routing
packets send. The first is in the beginning when the source
discovered initial route, and second when this route failed.
The curve is flat elsewhere. For the accurate model, the
plot alternates between the rising and steady states. Also
the number of routing packets is almost 100 times than with
ideal model. We observe a high sensitivity on routing over-
head, and observe that as the nodes show transient behav-
ior in availability, the nodes send more routing packets thus
wasting the little remaining life on routing packets. This is
an important observation observed only by the use of accu-
rate battery model.

Random Topology: Lets apply the lessons we have
learned on a larger topology of 50 nodes placed randomly
in 1000mx1000m terrain. The cumulative packets received
at the destination is shown in fig 7 and cumulative number
of routing packets in the network is shown in fig 8. The
data packets curve is similar to the one seen before and
is a signature for a network that goes through fluctuating
states of availability and unavailability. The routing curve
is even more interesting. We see that for some duration the
overhead with accurate model is lower, but on the whole
this overhead is always higher than when using ideal model.
The routing behavior is sensitive to the battery model.

Summary: We have seen some interesting properties in
network in its transience state through the use of accurate
battery model. We have seen that the network is available
in fluctuation, the throughput shows discontinuous behavior
and routing overhead is highly dependent on battery model.

4.2 Effect of CPU power consumption
In this section we emphasize the importance of model-

ing the processor power consumption. We argue that the
percentage of total power consumed in a node by proces-
sor is substantial in context of sensor networks and is not

 0

 5000

 10000

 15000

 20000

 25000

 30000

 35000

 40000

 45000

 50000

 0  20  40  60  80  100  120  140

C
um

m
ul

at
iv

e 
nu

m
be

r 
of

 r
ou

tin
g 

pa
ck

et
s 

in
 th

e 
ne

tw
or

k

Time (min)

Ideal Model
Accurate Model

Figure 8: Cumulative distribution of routing packets
in the network

a constant overhead that can be easily modeled. This over-
head is state and context dependent and requires knowledge
of runtime behavior of protocol and application code. The
knowledge of power consumed by nodes within a network
is important for network provisioner to avoid hot-spots or
by protocol designer to compare performance with alterna-
tives. We claim that ignoring this component can predict
incorrect trends in power consumption in network or even
inversion of relative consumption if we consider only radio
(transmission and reception) power consumption.

The power consumed by processor depends on what action
it takes upon any event (reception of packet, timer trigger
etc), which in turn depends on state of the protocols and
context in which the event occurs. For example, consider
the case when a unicast packet destined for node 1 is re-
ceived by nodes 1 and 2. Node 2 would drop this packet
right away at the MAC layer, while the first node will pro-
cess it and possibly send to network layer also, thus execut-
ing more code than node 2. The radio power consumption
would predict equal power consumed by both nodes, how-
ever, if we account processor cost then node 1 consumed
more power than the other. With this observation we find
that any study of power consumed in network cannot be pre-
dicted accurately by considering radio power consumption
only.

To show the above concept in action we simulate a square
grid topology of 49 nodes. The radio is a 802.11b running at
1Mbps. The current drawn for transmission and reception
is 600mA and 400mA respectively. We have simulated the
StrongARM SA1100 processor running at 133MHz. The
current drawn per instruction is 190.4mA as reported in
JouleTrack datasheet [3]. Three CBR sessions are initiated
between random source and destination pairs. The routes



Figure 9: Power Consumption by nodes in the net-
work.
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Figure 10: % Consumption by processor

are pre-computed to ignore the routing overhead in our mea-
surements. Fig 9 gives the energy consumed by each node.
The white bars show the radio energy consumption (referred
to as simple model), while the black bar denotes the total
energy consumption of both radio and processor (the de-
tailed model). Fig 10 gives the relative percentage of power
consumed by processor for each node.

We have highlighted five places in the graph that shows
the difference between the simple and detailed model. These
are discussed in order shown in graph.

1. The energy consumed as reported by simple model for
node 6 is less than nodes 5 and 7. However, in detailed
model the situation is reversed. Thus it is dangerous
to make assumption on relative ordering of power con-
sumption in node based solely on radio power model.

2. In the second case, the simple model predicts the power
consumption for the three nodes as equal. However,
with detailed analysis we see that the middle node is
actually consuming more power. Thus there can be
hotspots in network which are visible only by using
detailed model.

3. This is similar to case two, except the middle node is
consuming less power.

4. This case demonstrates that the relative power con-
sumption also varies if we take into account the pro-
cessing consumption. The second node consumes 6%
more power when using simple model, but 21% when
using detailed model.

5. And finally, a reversal effect can happen when the sim-
ple model predicts different values but the detailed
model predicts equal. That is, a hot-spot predicted
by radio model can actually be a false positive.
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Figure 11: Relative performance of AODV and DSR
routing protocol under two traffic models.

Given any topology and traffic pattern, we observe that
these effects are always visible which strengthens our claim
on the need to model processor cost in node power consump-
tion.

4.3 Performance under sensor traffic model
To evaluate relative performance of MANET routing pro-

tocols the ad-hoc network specific random source-pair desti-
nation traffic model is used and this trend has followed into
the sensor network. We, however, claim the need for more
realistic traffic model to compare protocols for sensor net-
works. We compare performance of AODV and DSR routing
protocols using MANET based and sensor network based
traffic model. We observed that the relative performance of
these protocols are highly sensitive to the underlying traffic
model used.

A 100 node square grid topology of sensor nodes is simu-
lated. We have used the traffic model described in sec 3.5.
In each run of simulation, three outbreaks of duration 3 min-
utes each are simulated. Each outbreak has varying radius
of spread such that the average size of group varies from 2 to
6. Each connection between source and destination is CBR
traffic of 256B packets at rate of 1 packet/sec. The network
is simulated for period of 15 minutes. The destinations are
the four corner nodes of the grid, and for a particular out-
break a destination is chosen randomly from this set.

In order to evaluate this traffic model against a random
source-destination pair CBR model, we define an equivalent
CBR traffic for each run of simulation. The equivalent traf-
fic is defined as having (number of groups)*(average size of
groups) of flow between random pair of source and destina-
tions with duration 3 minutes each and same packet and rate
as above. Thus, the offered load is same in both models only
the traffic pattern is different. The number of packets deliv-
ered by both protocols using these two models is shown in
fig 11. It is observed that in CBR traffic model, both AODV
and DSR perform equally well, which is expected since the
offered load is less than maximum throughput of the net-
work. However, when we consider sensor traffic model, we
find some surprising results. AODV performs very poorly
and its performance degrades with increasing group size.
The DSR protocol, however, performance ever better than
CBR traffic model and its throughput increases with increas-
ing group size, which means that it has not yet reached the
saturation point.

This experiment shows how the relative performance of
routing performance is closely related with the traffic model
used. Between random source-destination pair model and



group-source and fixed-destination models, we have seen
that the relative performance of routing protocol varies sig-
nificantly. It is our hope that more realistic traffic mod-
els, that represent sensor network specific traffic patterns,
should be used when evaluating protocols.

5. CONCLUSIONS
In this paper we have a presented the suite of models to

facilitate simulation of sensor networks in a detailed fash-
ion. The suite of models include sensing stack and sensing
channels that model wave-propagation and diffusion based
sensing phenomenon; an accurate battery model with our
implementation optimizations to enable its use in network
simulations; model for accounting the delay and power con-
sumed by processor in executing protocol and application
code; sensor hardware specific power consumption model
and a traffic model.

We have also investigated into the effects of using detailed
models on the network level performance. We have seen
that using an accurate battery model has influence on net-
work lifetime, its availability, the throughout at the destina-
tions and routing overhead. On accounting the processing
power consumption we found trends which are incorrectly
represented if we consider power consumption from radio
only. And finally, we found that the relative performance
of routing protocols is highly related to the traffic model
used. For the same offered load in network, AODV and
DSR routing protocols perform equally well with random
source-destination pair based traffic model. However, with
the sensor traffic model DSR outperforms the AODV pro-
tocol.

Due to high sensitivity of network and application per-
formance statistics on the details on the simulation models
used, we would like to stress the importance of using accu-
rate models for meaningful simulations of sensor networks.
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