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Abstract

Wireless sensor networks (WSNs) are used for various per-
vasive and ubiquitous applications. As WSNs consist of a
large number of nodes that are deployed in remote and inac-
cessible places, there is a need for realistic power consump-
tions model that can be used to estimate the network life
time, connectivity, and coverage. In this work, a discrete
radio model is used to calculate more realistic power con-
sumption and to determine the connectivity between sensor
motes. We analyze a discrete power dissipation model to
investigate performance as mote density decreases, as well
as in the design of a real sensor network deployment.

1 Introduction

In the area of wireless sensor networks, a main topic of re-
search is the evaluation of network lifetime through the use
of data dissemination algorithms. Network lifetime is often
defined as the number of rounds before the first mote death
and in some work as the last mote death. Every round con-
sists of each mote in the network transmitting it’s sensor
readings back to the base station for storage and process-
ing. Ideally, the network will survive for as many rounds
as possible before failing due to the first or last mote death
depending on ones definition of network lifetime. The num-
ber of rounds successfully completed before the terminating
condition is the network lifetime.
Much effort has been exerted to define realistic radio mod-
els and define realistic power consumption models, how-
ever the link between the two has been practically non-
existant. There have been a number of radio models
[12, 13, 1, 8] and power consumption models [11, 4, 10]
proposed for usage in simulators however they do not link
power consumption with radio modeling techniques using
the radio chip specifications. In [6] Mallinson et al. intro-
duce a discrete radio model which suggests that using the
radio chip specifications will improve the realism of simu-
lation results by utilizing the exact costs and transmission
powers.
Much of the current work in the field of wireless sensor net-
works assumes that transmission cost is directly related to
the transmission distance. [3, 9, 5] This assumption leads to

transmission cost calculations in which transmissions over
longer distances will cost more. While this assumption sim-
plifies the problem, it is not overly accurate. In order for a
direct relation to exist between transmission cost and trans-
mission distance, additional power levels would be needed
to provide a more refined control of the transmission power
level. Since one must select a predefined power level it’s
possible that different transmission distances will need to
utilize the same transmission power level thus utilizing the
same amount of energy. This contradicts the assumption
that transmission cost is directly related to transmissiondis-
tance, which results in less realistic simulations. This pa-
per furthers the investigation of the discrete radio model
through the effects of mote density and analyzes how it may
be used in real world deployments.
The remainder of this paper is structured as follows: Sec-
tion 2 discusses other work of interest. Section 3 describes
the effects of mote deployment density on network lifetime
and network faults encountered due to deployment density.
Section 4 introduces techniques for using the discrete radio
model in real world applications. Section 5 concludes this
paper and offers our plans for future work.

2 Related Work

The discrete radio model [6] is a technique for simulating
connectivity between network motes and calculating the en-
ergy consumed for transmission and reception. The work
focuses upon the CC2420 transceiver [2] which is used
by Tmote Sky and Micaz devices. They utilize the radio
transceiver specifications for calculating the range for the
radio transmissions and the energy costs. In [7], the dis-
crete radio model was applied to two data dissemination al-
gorithms and simulated single-hop and muli-hop networks.
Further, this work identified an strict upper bound on the
number of rounds that a network could run.
The PEDAP-PA algorithm [9] for extending network life-
time achieves it’s purpose by balancing the load placed
upon each mote in the network. PEDAP-PA uses edge
weight assignment to balance mote load and generating
spanning trees for the network. Edge weight assignment
is calculated by combining the transmission and reception
costs then dividing by the transmitters residual energy. The
effect of including the transmitters residual energy in the
edge weight assignment prevents overloading a single mote



and avoiding using mote which is running low on power.
Using the assigned weights a tree can be generated such
that the total of all edge weights used is minimized through
Prim’s algorithm for minimum spanning trees. Each tree is
used for a predetermined number of rounds before a new
tree is generated for use.
In [5], Hussain and Islam propose a similar algoritm for
extending network lifetime through the use of energy ef-
ficient spanning tree routing techniques. The energy effi-
cient spanning tree approach (EESR) has some major ad-
vantages over the PEDAP-PA algorithm which increase the
network lifetime. For instance, in the EESR edge weight
assignment not only is the transmitters residual energy con-
sidered but the receivers residual energy is taken into ac-
count. This is important as the cost for receiving a packet
is actually greater than the cost for transmitting a packet as
shown by the discrete radio model. This technique prevents
transmitters and receivers from being overloaded which can
quickly decrease network lifetime. Another advantage over
PEDAP-PA is the algorithm used for dynamically selecting
the number of rounds a given tree will be used. This pre-
vents a single tree which may cause several key motes in
the tree to wear down from being used for too many rounds
causing the network die early.

3 Effects of Deployment Density

This section investigates the effects of mote deployment
density on network lifetime. To investigate these effects we
conducted several simulations using EESR and PEDAP-PA
with and without the discrete radio model. For each sim-
ulation the number of motes was kept constant while the
network size was increased from a 10 x 10 meter field up
to a 200 x 200 meter field in increments of 10 meters. Each
simulation was run over 100 different random networks to
ensure that the simulations were fair and avoided favour-
ing conditions for any single algorithm. Our simulations
used 10, 25 and 50 motes which generated very sparse net-
works and more dense networks. The base station was al-
ways placed in the center of the field.

3.0.1 Network Faults

During these simulations it was quite common to generate
networks in which a spanning tree was impossible using the
discrete radio model for connectivity which we will refer to
as faults. Faults occur due to the discrete radio model incor-
porating restrictions on the distances that a mote can com-
municate over. To overcome these faults, each generated
network was evaluated to determine if it was possible to cre-
ate a spanning tree rooted at the base station. If this was not
possible a new random network was generated until a valid
network configuration was found. While this process en-
sures that only valid networks are used, it also creates some
bias in just how random the networks are. For instance, by
ensuring that the networks are valid indicates that they are
more likely to be clustered together in a particular section
of the graph or they are placed in close proximity to the base
station. Due to this we have generated Figure 1 comparing
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Figure 1: Number of faults per network as the network size
increases

how many faults were encountered per network generated.
The y-axis represents how many faults were encountered
before generating a valid network. The x-axis is the width
and height of the network area in meters. This graph com-
pares the number of faults encountered for 10, 25, 50 and
100 motes. From the graph we can see that the number of
faults grows exponentially as the network size increases. As
the number of motes increase the number of faults remains
at 0 longer however there is always a point where faults will
occur no matter how many motes are deployed.

3.1 Simulation Results

Figure 2 displays the network lifetime as the network size
increases for 10 motes. The x-axis of the graph relates to
the size of the network width and height. To find the ac-
tual size of the network it would be the width squared. The
y-axis is the network lifetime, represented in the number of
rounds until the first node death occurs. As network size in-
creases, the mote density decreases, which causes network
lifetime to also decrease as shown in the graph. An interest-
ing portion of the graph is the discrete EESR and discrete
PEDAP-PA curves. Notice how both these algorithms de-
crease at a normal rate until a network size of 50 meters,
then hovers just shy of 5000 rounds until 90 meters where
the curve continues it’s downward slope. At these ranges,
single hop communication is still being used and thus the
network performance is based entirely upon the transmis-
sion power level being used. From the CC2420 specifica-
tions [2] we can see that the lower power levels have signif-
icant gaps in transmission power whereas the higher power
levels have smaller changes in transmission power. Once
motes are transmitting near the top of the power level chain,
the transmission cost remains relatively constant as there
isn’t a large distance increase for using the highest power
levels. Once the network size increase to 90 meters, it be-
comes too large for all motes to use single hop communica-
tion and multihop communication must be used. As more
multihop communication is used, the network lifetime con-
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Figure 2: Lifetime as network size increases (10 Motes)
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Figure 3: Lifetime as network size increases (25 Motes)

tinues to decrease due to the expensive costs for receiving
a packet which is required for multihop to occur. Figure 4
shows the network lifetime for networks with 100 motes.
Notice how the both graphs look very similar and we ac-
tually see a slight decrease in network lifetime, as we ap-
proach 200 meters, for 100 motes as compared to 10 motes.
This occurs due to the restriction we placed upon the net-
work configuration where only valid networks were used.
As showing in Figure 1, 10 motes has a high number of
faults before finding a valid network. This prevents net-
work lifetime for 10 motes from continuing it’s descent and
reaching a lifetime of zero. With 100 motes, even at 200
meters, there are no network faults which means that the
lifetime is not biased at all and experience the large effects
of multihop communication over longer distances.

4 Discrete Radio Model Real World
Application

The discrete radio model provides more realistic simula-
tions however in real world deployments one cannot count
on simuation estimates alone for selecting the proper power
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Figure 4: Lifetime as network size increases (100 Motes)

procedure TransmissionCost(T,R)

1: connected← false
2: for each i ∈ P do
3: T.PowerLevel← i
4: if (EstimateRSSI(T,R) ≥ RSSImin) then
5: connected ← true
6: break
7: end if
8: end for
9: return getCost(T.PowerLevel)

Figure 5: Discrete power level transmission cost algorithm

level. In real world deployments there may be obstacles
and environment conditions that prevent accurate estima-
tion. Due to this, the estimated power levels for transmis-
sion between nodes can only be used as a starting point
however must be verified and adjusted to consider external
effects.

4.1 Power Level Selection Technique

Figure 5, as given in [6], propose a procedure for select-
ing the most appropriate power level for communication
between two motes in a simulation environment. While
this works well when performing simulations, it is not ideal
when selecting power levels for real world applications. If
one were to run that procedure each time it was to trans-
mit a packet there would be significant overhead due to
many transmissions and receptions not to mention that the
receiver must notify the transmitter of the power level that
should be used.
As most data dissemination algorithms depend upon a cen-
tralized base station configuration we will focus upon these
types of networks. This network configuration provides
some major advantages for discrete power level selection.
Firstly, only the base station needs to track and store which
nodes are can communicate and at which power levels. This
frees up memory and storage space, which is limited on
each mote, allowing for more data aggregation to occur or
storing more data before transmitting it back to the base
station. Secondly, with a centralized configuration the base
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Figure 6: Average number of packets received by each mote
during initialization period (150x150m field)

station will know the exact power levels each mote is using
for transmitting and therefore the exact energy cost.
In order to select the best power levels in a real world de-
ployment we propose that a network initialization period is
used. In this period, each mote takes a turn and broadcasts a
packet at each power level with the assigned mote id and the
transmission power level being used. Each other mote in the
network will listen for the packet and track the lowest power
that can be used for communication from that mote. Once
every mote has participated in the initialization period, they
generate a packet containing their mote id and an array of
incoming packet information. This incoming packet infor-
mation will contain the incoming mote id, lowest received
power level and the associated RSSI. This packet is trans-
mitted to the base station for storage and processing, which
relieves the mote from storing the information. With this
information at the base station, the data dissemination al-
gorithms can be optimized for the exact costs and the base
station can dictate which power levels should be used when
it broadcasts schedules to motes in the network.
The overhead involved in this process consists of the cost
for each mote to transmit a packet at each power level, the
cost of surrounding motes to receive each packet and the
cost to submit the data back to the base station. For any
mote utilizing the CC2420 radio chip, this results in a min-
imum of 9 transmissions, one for each power level (8) and
one for transmitting back to the base station. As for the
number of packets received, this depends on the number of
nodes in the network and deployment density. As the mote
density increases, there will be more packets received by
each mote thus causing a larger initialization cost.
To show the relation between the number of received pack-
ets compared to network density, a simulation was per-
formed on a 150x150 meter field. Figure 6 shows the av-
erage number of packets received by a mote in the network
during the initialization period. The simulation was run 20
times for each number of motes to avoid any anomalies in
the data. Interestingly the relationship appears to be lin-
ear which suggests that the overhead from packets received

during the initialization period is proportional to the mote
density. Such a relation indicates that over deploying will
negatively impact the network life time due to the initializa-
tion needed. One should evaluate the needs of the network
when deciding the mote density used for deployment.

5 Conclusion

In this work, the effects of mote deployment density were
investigated which have shown that it may take many net-
work configuration attempts in order to generate networks
where it is possible to connect all motes to the base station.
We have shown that increasing the number of motes re-
duces network faults however it does not result in improved
network lifetime. We have also described techniques that
the discrete radio model might be used in a real world de-
ployment and considered the overhead created by such de-
ployments.
Our plans for future work includes deploying a wireless
sensor network utilizing the discrete radio modeling tech-
nique to compare against network lifetimes suggested by
simulations and comparing the simulation results to those
of globally accepted simulators such as J-SIM.
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