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Abstract

Investigating realistic simulations in wireless sensor
networks has been an area which has drawn a lot of
research interest. These simulations are used to pre-
dict the lifetime of wireless sensor networks, evaluation
of network performance and data dissemination algo-
rithms. A discrete radio model can be used for calcu-
lating more realistic power consumption and determin-
ing which links between sensor motes are available for
transmission. In this work, we apply a discrete power
dissipation model to investigate performance of a few
data dissemination algorithms and techniques. We also
define an upper bound upon network lifetime which is
derived from the discrete radio model.

1. Introduction

Realistic simulations in wireless sensor networks
has been an area which has drawn a lot of research in-
terest. These simulations are used to predict the lifetime
of wireless sensor networks, evaluation of network per-
formance and data dissemination algorithms. To per-
form these simulations, many techniques have been in-
troduced that calculate energy consumption and radio
patterns such as [1][2][3]. In these works, the authors
have introduced techniques for radio modeling and en-
ergy consumption.

In this paper, we use a discrete radio model for
wireless sensor networks [4], and apply it to data dis-
semination algorithms. Data dissemination techniques
involve scheduling the sensor motes in the network to
transmit their collected data back to the base station
for processing and storage. In these algorithms, per-
formance is measured by the network lifetime which is

defined as the number of rounds before a mote in the
network has expended all its energy. A round consists
of all motes transmitting their data back to the base sta-
tion. We analyze and compare the simulation results
with a well known radio model, the first order model, to
evaluate the effects of the discrete radio model on net-
work lifetime and the number of spanning trees these
algorithms generate.

The remainder of this paper is organized as follows.
In Section 2, we describe other related works. Section 3
briefly summarizes the discrete radio model and Section
4 defines the upper bound on network lifetime. In Sec-
tion 5, we apply the discrete radio model to several data
dissemination algorithms and discuss the results. Fi-
nally, conclusions and future work is discussed in Sec-
tion 6.

2. Related Work

Recent related studies on radio modeling and
power consumption have focused on introducing real-
ism to existing techniques. Many different radio models
exist that aim to introduce realism to calculating con-
nectivity such as [5][1][6]. In these studies, the au-
thors combine previous work, classical radio models
with new ideas and findings to create new more real-
istic radio models. Classical models for radio model-
ing are isometric and include the free-space propaga-
tion model, two-ray model and the Hata model[7]. The
problem with classical models are that the path loss in
each direction is identical. In [1], the authors show that
path loss is not identical in each direction and introduce
a new non-isometric model for adding realism.

The area of realistic power consumption has
had some recent advancements by work such as
[2][3][8][9]. This work investigates the cost calcula-



tions for transmitting and receiving packets. Utilizing
realistic cost calculations such as the ones proposed in
these papers make for much more accurate simulations
and network lifetime estimates. Consumed energy is
calculated as the energy consumed per bit transmitted
and is usually represented in joules. It is shown in these
works that the energy per bit is reduced as the packet
size grows which reduces the effect of startup costs.

In [9], the authors define an energy model for use
in calculating the cost for transmitting and receiving
packets. This model is based off the first order radio
model defined in [10]. The cost for receiving a packet
is represented by a constant electric cost for each bit re-
ceived. The cost for transmitting a packet includes the
same electric cost as receiving a packet with an addi-
tional cost to run the radio amplifier. The amplifier cost
is based on the distance the packet needs to be sent and
the length of the packet. The electricity costs for this
model were choosen by the authors to simulate similiar
conditions to those of bluetooth devices.

3. Discrete Radio Model

We use a discrete radio model described by
Mallinson et al. [4] for calculating more realistic power
consumption and determining which links between sen-
sor motes are available for transmission. This discrete
radio model breaks the process of calculating a link cost
into several straight forward steps such as estimating the
received signal strength indication (RSSI) when trans-
mitting between two nodes at a given power level, se-
lecting the ideal power level and calculating the trans-
mission and reception energy cost.

RSSI is estimated using a well known model re-
ferred to as the radio irregularity model (RIM) [1]. Uti-
lizing RIM, one can estimate the RSSI for communica-
tion between any two motes at any given power level.
The CC2420 specifications [11] show that there are a
discrete number of power levels available for use. The
discrete radio model uses these power levels to more
accurately estimate the RSSI and transmission energy
costs. The lowest power level is selected by iterat-
ing over each power beginning with the lowest and in-
creasing to the next hightest. For each power level
the RSSI is estimated and compared to the minimum
RSSI needed for a successful transmission based off the
CC2420 specifications. If the transmission is success-
ful then the power level is selected as the lowest power
level for transmission and is used to calculate the trans-
mission cost.

The discrete radio model dervives Equation 1
which calculates the transmission energy cost in joules.
This equation is reiterated here as it will be used to cal-

culate the upper bound on network lifetime. V is the
mote voltage, PROON is the current usage when the ra-
dio and oscillator are enabled, TStartup is the length of
time needed to start up the oscillator, Cplevel is the cur-
rent usage for a given power level, L is the packet length
and Trate is the transmission rate of the packet.

PT = V × (PROON ×TStartup +Cplevel × L
Trate

) (1)

The discrete radio model is much different than the
first order radio model. The largest difference is that the
discrete radio model does not make the assumption that
all motes can communicate. The first order radio model
allows all motes to communicate regardless of the dis-
tance between them and simply deducts more energy
for such a transmission. The next major difference is
the transmission and reception costs. In the first order
model, transmission cost is much larger than the recep-
tion cost for the same packet however in the discrete
radio model the reception cost is larger than the trans-
mission cost.

4. Bounding Network Lifetime

The ideal network configuration is one that mini-
mizes overhead and maximizes network lifetime. Ac-
cording to the discrete radio model, this occurs when
all motes send directly to the base station at the lowest
power level. This is the best possible configuration be-
cause we avoid the costs of receiving packets which has
a higher energy consumption as compared to transmis-
sion costs. The network size is not important in the ideal
network since all motes energy will be depleted simul-
taneously after a given number of rounds. This occurs
due to all motes transmitting at the lowest power level
which is a fixed cost amongst all motes regardless of the
actual distance to the base station.

Definition 1 The ideal network configuration, β , is de-
fined as a network where all motes communicate di-
rectly to the base station at the lowest power level.

Definition 2 The upper bound on network lifetime, α ,
is found by calculating the maximum number of trans-
missions a mote can complete at the lowest power level
before it’s energy is depleted.

Definition 3 We define the performance ratio, γ , for a
simulator output as the ratio of simulator lifetime over
α . When the calculated γ value is 1, the network is per-
forming at the upper bound and maximum performance.

With an upper bound on network lifetime, we can
compare the lifetime results obtained from running the



simulators to α , in order to give context to the simulator
lifetime results. We rate each simulated network life-
time as a performance ratio, γ . Without this, the lifetime
results are simply numbers with very little meaning.

For a network β , we can calculate α using Equa-
tion 1 and the amount of energy a mote contains, E.
Most simulations performed utilize 1 joule for the value
of E, Equation 2 shows how α is calculated.

α =
E

V × (PROON ×TStartup +Cplevel × L
Trate

)
(2)

5. Application of the Discrete Radio Model

In this section we apply the discrete radio model
to several existing routing protocols to see the differ-
ence in network lifetime. The two protocols we apply
the model to are an energy efficient spanning tree ap-
proach (EESR) [12] and a power efficient data gather-
ing and aggregation protocol, the power aware version,
(PEDAP-PA) [13]. Both these protocols use the energy
equations from [9] which we will replace with the dis-
crete radio model and energy calculations. The discrete
radio model will make the results more realistic by us-
ing the CC2420 specifications for energy calculations
and estimating the transmission power level needed for
communication between motes.

5.0.1. PEDAP-PA. PEDAP-PA extends network life-
time by balancing the load upon all motes in the net-
work. The PEDAP-PA algorithm assigns edge weights
between each set of motes based on the combined trans-
mission cost and reception cost divided by the transmit-
ter residual energy. Including the residual energy al-
lows PEDAP-PA to avoid using nodes with low residual
energy as transmitters. The network tree is then gen-
erated using Prim’s algorithm for minimum spanning
trees. Once a tree is generated it is used for a predeter-
mined amount of rounds before a new tree is calculated
for use.

5.0.2. EESR. Similar to PEDAP-PA, EESR generates
spanning trees over the network however this algo-
rithm is able to achieve higher lifetime results. A key
difference between EESR and PEDAP-PA is the edge
weight assignment. EESR considers both the transmit-
ter and receiver residual energy when calculating the
edge weight to ensure that not only the transmitter is not
overloaded by also that the receiver is not overloaded.
This is important as the discrete model has larger recep-
tion costs than that of the first order radio model. An-
other key distinction is that EESR dynamically selects
how many rounds a tree may be used as compared to a

Figure 1. The ideal network configuration β

static number of rounds in PEDAP-PA.

5.1. Simulating Network Configuration β

Utilizing the custom simulator used by Hussain and
Islam [12], we wanted to generate a network that meets
the requirements of β to ensure that both PEDAP-PA
and EESR are able to find the network configuration
that yields a lifetime performance equal to γ . To sim-
ulate this, we used a network field of 5m x 5m and 5
nodes placed in the field. Remember that in this sce-
nario, the number of nodes in the field is not important
when packet collisions are not taken into account. Both
EESR and PEDAP-PA were able to find the network
configuration β , where all nodes send directly to the
base station at the lowest power level and have a value
of 1 for γ . Figure 1 shows an example of a network β .
In this figure, all sensor motes are communicating di-
rectly to the base station at the lowest possible power
level.

5.2. Simulating a Multi-hop Network

In order to simulate a multi-hop network, we must
have a non-fully connected graph. If the graph were
fully connected, all nodes would be able to communi-
cate directly to the base station and no multi-hop com-
munication would be necessary. This occurs because
the reception cost is greater than the transmitting cost
so in the interest of conserving energy all motes will
avoid receiving packets and use direct communication
to the base station.

In our simulations, we used a 100m by 100m net-
work field area with packet sizes of 1000 bits. The sim-
ulations were tested upon a range of different amounts
starting with 10 nodes and extending to 100 nodes in
10 node increments. The simulation was run on EESR
and PEDAP-PA using both energy models for each set
of nodes. To ensure that one algorithm wasn’t affected
by favouring networks, we generated 100 random net-



works for each combination. In each network the base
station was placed in the center of the field at location
50, 50. Each mote was assigned 1 joule of energy with
the exception of the base station which has an unlim-
ited amount of energy as it is connected to a dedicated
power supply.

The results of the simulation are shown in Figure 2.
In this figure the number of nodes are plotted on the x-
axis and the lifetime is plotted against the y-axis. Upon
first glance we can quickly see that the algorithms using
the discrete radio model have a decreased lifetime. This
was expected as the calculations used in the discrete
model are based off the radio specifications which show
much higher energy consumption costs when compared
with the existing radio model. More interestingly is the
curves of the graphs which for the discrete model in-
crease slightly from 10 - 20 motes however remains rel-
atively constant as the number of motes increase. With
the first order radio model, the lifetime increases as the
number of motes increases. This occurs because the
first order radio model has much lower costs for receiv-
ing packets that allows long spanning trees with very
little overhead cost. In reality there is a large reception
cost overhead which the discrete radio model does in-
corporate into it’s energy costs. Also as more motes are
added to the network, there is an increase in the amount
of aggregation that place and prevents the network from
extending it’s lifetime with the additional energy con-
tribution of more motes. This occurs because there is
more time spent sending and receiving larger packets
which increases the costs for each packet.

In Figure 3, we show the number of trees generated
by the algorithms during our simulation. On the x-axis
lies the number of motes in the network and the y-axis
shows the number of trees generated. As we can see
EESR generates more trees than PEDAP-PA however
we do not want to compare the algorithms but moreso
the effect of the discrete radio model. From the figure
we can see that the discrete models generates less trees
however this can be explained by the decreased lifetime
of the network. Comparing EESR and PEDAP-PA to
the discrete versions shows us that the growth of the
number of trees is relatively the same using both mod-
els. From this we can conclude that radio model does
not significantly affect the number of trees that each al-
gorithm generates.

6. Conclusion

In this work the discrete radio model has been ap-
plied to two data dissemination algorithms, EESR and
PEDAP-PA. The simulation results were compared to
an existing radio model, the first order radio model
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which is often used for simulating algorithm lifetime
performance. These results show a considerable amount
of difference between the two models which affects the
network lifetime. The network lifetime is much lower
when utilizing the discrete radio model which is reason-
able as the transmission and reception costs are higher.
Using the discrete radio model we’ve also identified an
upper bound on network lifetime, α , for the ideal net-
work, β , and a performance ratio, γ , for use in compar-
ing results.

Our future work includes integrating obstacle and
interference effects into the discrete radio model. We
also plan to evaluate the effects of radio harsh envi-
ronments, such as petroleum environments, on wireless
sensor networks and data dissemination algorithms.
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