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Wireless Sensor Network Deployment: Performance
Analysis
Ghaith N. Hattab

Abstract—Node deployment in wireless sensor network (WSN)
has become a fundamental design element that can significantly
improve the network performance. It plays a major role in net-
work lifetime, cost, connectivity, and coverage. In this paper, both
deterministic and random deployment techniques are explored.
In the former, two node deployment models are parsed, namely a
square-grid model and a pattern-based Tri-Hexagon Tiling (THT)
model. In the latter, uniform random deployment is analyzed.
These deployment techniques are evaluated based on two critical
performance metrics: coverage and energy consumption. Simu-
lation results of the aforementioned deployment techniques over
large-scale WSNs are presented, and the tradeoffs between their
performances are outlined.

Index Terms—Coverage, energy consumption, energy effi-
ciency, performance analysis, wireless sensor networks.

I. INTRODUCTION

W IRELESS sensor networks (WSNs) have proliferated
over the last decade due to the rich applications they

offer in variety of fields such as military, environmental
research, monitoring, medicine, etc. WSNs consist of hundreds
of sensor nodes that have become affordable in large quantities
due to their small size and cheap cost. However, these devices
are energy-constrained as they are powered by small non-
replenishable batteries. Therefore, among numerous challenges
faced while designing architectures and protocols, maintaining
connectivity and maximizing the network lifetime stand out as
critical considerations.

Energy-efficiency of WSNs is of paramount importance to
prolong the network lifetime, and hence, reduce the inevitable
maintenance and the cost of replacing the sensor nodes.
There have been many proposed energy-aware solutions in
the literature such as energy-aware protocols at the data link
layer (i.e. MAC protocols), or at the network layer (i.e. routing
protocols), as well as the introduction of more powerful de-
vices known as data collectors. Beside these post-deployment
solutions, pre-deployment solutions have become a major area
since the deployment of nodes can effectively improve the
performance of the wireless sensor network.

Node deployment has become a fundamental design element
that plays a major role in network lifetime, cost, connectivity,
and coverage. Node deployment can be classified into two
categories: deterministic deployment (also known as controlled
deployment) and random deployment (also known as non-
deterministic deployment) [1]. In deterministic deployment,
the nodes are precisely deployed over a predefined pattern.
However, in random deployment, the nodes are randomly
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deployed over the desired region. Intuitively, deterministic
deployment can be optimized such that a minimum number
of nodes is used to cover a certain region. However, this
deployment strategy is time consuming, and in certain occa-
sions it becomes infeasible to implement especially for very
large-scale networks. In contrary, the random deployment is
more practical to implement over harsh environments where
humans cannot reach them (i.e. scattering nodes from an
airplane over a hostile environment). Nevertheless, it may lead
to irregular sensing coverage as well as additional network
complexity. In [2], Poe and Schmitt have analyzed three
different deployment strategies. Two of them are deterministic
strategies, namely square-grid deployment, and Tri-Hexagon
Tiling (THT) deployment. In addition, uniform distribution
is studied as a random deployment strategy. They evaluated
the deployment techniques in terms of coverage, energy con-
sumption, and worst-case message delay. In this paper, the
deployment strategies presented in [2] are simulated over a
large-scale WSN, and their performance is analyzed based on
coverage and energy consumption.

The paper is organized as follows. Section II provides a fun-
damental background of each deployment strategy. Section III
presents the coverage performance metric. Section IV analyzes
the energy model. Simulation results of the aforementioned
deployment techniques are presented in Section V. Finally, the
conclusions are outlined in Section VI.

II. PRELIMINARIES

The three different deployment techniques to be analyzed
are shown in Fig. 1. We assume a large-scale WSN that
consists of n nodes, and they are deployed within a circular
region of radius R. Furthermore, each sensor node has a
circular sensing field of radius rsense.

A. Square Grid Model

In this deployment strategy, it is assumed that the sensor
nodes are precisely placed in a square grid pattern (i.e. the
sensors are placed on the corners of each square as shown in
Fig. 1). Without loss of generality, it is assumed that rsense
is equal to the length of a square cell. Therefore, the sensing
field, which is calculated based on the area of a square cell,
is expressed as

rsense =

√
πR2

n
. (1)

If any pair of the three variables: rsense, R, and n, is known,
the third one can be approximated based on (1).
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Fig. 1. The three different node deployment techniques.

B. Tri-Hexagon Tiling (THT) Model

This deployment strategy is based on tiling. Tiling (also
known as tessellations) is the process of covering a plane with
non-overlapping tiles that consist of different non-overlapping
shapes [3]. Each tile may consist of one or more regular or
semi-regular shapes. In [2], the tiling pattern used is a semi-
regular tiling based on two different shapes: triangles and
hexagons. To be more specific, a 3-6-3-6 Tri-Hexagon tiling
is used as shown in Fig. 1. The 3-6-3-6 pattern refers to the
number of sides each regular polygon has if we go around a
sensor node. In other words, each sensor node is surrounded
by a pair of equilateral triangles (three-sided shapes), and a
pair of hexagons (six-sided shapes). It is assumed in [2] that
each side of the two shapes have the same length, and it is
equal to rsense. The radius of the sensing field of any sensor
node is expressed as

rsense =

√
4πR2

3
√
3n
. (2)

C. Uniform Random Model

Uniform random distribution is fundamentally a random
distribution where each sensor node has an equal probability
of being located at any point within a predefined region [4]. In
other words, if there are m possible locations in the circular
region, the probability that the sensor node will be located at
any location is equal to 1/m. Random deployment is more
feasible, and it is more preferred when deploying a sensor
network over a hostile environment as the nodes are scattered
from an airplane or by an artillery. However, in practice, the
nodes are non-uniformly distributed due to the nature of the
environment (e.g., presence of objects in some areas), yet for
simplicity, a uniform network deployment is assumed in the
simulations.

III. COVERAGE ANALYSIS

In this section, the coverage performance metric for each
deployment strategy is analyzed. It is common to analyze the
coverage of a deployment strategy based on the k-coverage
concept, which means that each point in the sensing region
will be at least covered by k sensor nodes [2]. However, the

authors in [2] claim that using the minimum k-coverage solely
does not give meaningful results when a comparison between
the deployment strategies is required. Thus, another concept,
namely the relative frequency of an exact k-coverage is
implemented instead of the minimum k-coverage. The concept
of exact k-coverage relies on a k-coverage map, which is used
to check all the possible coverage areas to analyze the relative
frequency of exactly k-covered points. This is a more useful
metric for comparing the different deployment strategies.

Next, the k-coverage map for square and THT deployments
are addressed. The following assumptions are denoted. First,
rsense is the same for both the square grid and the THT tiling.
Second, a point in the circular region is covered by a node if
it lies within the sensing range, or if it is a tangent point to
the sensing field of that node.

A. Square Grid k-coverage Map

The k-coverage map of a square cell is shown in Fig. 2.
For example, a point in the 2-coverage region indicates that it
would be covered by exactly two sensor nodes. It is intuitive
to observe that the center of the square cell is a 4-coverage
region. The procedure for finding the relative frequency of
exactly k-covered points is described next.

First, the area of the intersection between two circles such
that the circumference of one of them passes through the origin

Fig. 2. Square cell k-coverage map.
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of the other is calculated as

A1 =

[
4π − 3

√
3

6

]
× r2sense. (3)

Next, the area between circle x2+(y−rsense)2 = r2sense, and
circle (x− rsense)2 + y2 = r2sense is computed as

A2 =

[
π − 2

2

]
× r2sense. (4)

Then, the difference between an area of a quarter circle and a
half of area A1 is expressed as

A3 =
πr2sense

4
− 0.5A1, (5)

which also represents the area of the combination of 2-
coverage and 3-coverage. Therefore, the 2-coverage area is
given by

A4 =

[
r2sense −

πr2sense
4

]
−A3, (6)

and the 3-coverage area is given by

A5 = A3 −A4. (7)

Finally the 4-coverage area is given by

A6 = A2 − 2A5. (8)

Overall, it is observed that the area of a single square cell is
composed of 4A4 + 4A5 +A6.

B. THT k-coverage Map

The k-coverage map of a THT cell is illustrated in Fig. 3.
It is observed that each cell consists of 6 equilateral triangles
and one regular hexagon. All the sides have an equal length
of rsense. The procedure for obtaining the relative frequency
of exactly k-covered points is described next.

First, the area of the center hexagon is computed as

AH =
3
√
3

2
r2sense, (9)

and the area of one of the equilateral triangles is expressed as

AT =

√
3

4
r2sense. (10)

Fig. 3. THT cell k-coverage map.

Then, the difference between one-sixth area of a circle of
radius rsense, and the area of a triangle, AT , is computed
as

A′
1 =

πr2sense
6

−AT , (11)

which represents a 3-coverage area located between a 2-
coverage area and a triangle as illustrated in Fig. 3. In addition
to that, and due to the symmetric tessellations within the
hexagon, the 3-coverage area located between any pair of 2-
coverage areas is computed as

A′
2 = 2A′

1. (12)

Therefore, the total 3-coverage area inside the hexagon is equal
to

A′
3 = 6A′

1 + 6A′
2. (13)

Using (12), we can rewrite (13) as

A′
3 = 9A′

2, (14)

Finally, subtracting the total 3-coverage area from the area of
the hexagon will result in the total 2-coverage area, which is
expressed as

A′
4 = AH − [A′

3 + ε], (15)

where ε is a single point that represents the 6-coverage area.
For a perfect THT, we have ε→ 0 [2].

Table I compares between the k-coverage map of the square
cell and the THT cell. In a square cell, there are three different
regions, and they are: 2-coverage, 3-coverage, and 4-coverage
regions. In THT, if the 6-coverage point is ignored, then there
are only two regions: 2-coverage and 3-coverage regions.

The algorithms used to obtain the relative frequency of ex-
actly k-covered points of the square and the THT deployments
are shown in Fig. 4 and Fig. 5, respectively. The procedure
is similar for both, and it is as follows. First, we compute R
using (1) and (2) for the square and the THT cells, respectively.
Then, the area of the circular region is calculated. To compute
the number of cells, we divide the total area of the circular
region by the area of a single cell. Using (3)-(8) and (9)-(15),
we compute the k-coverage areas in a square cell and a THT
cell, respectively. Since we have the total number of cells, the
relative frequency of exactly k-covered points as well as the
average k-coverage can be obtained.

TABLE I
A COMPARISON BETWEEN THE k-COVERAGE MAP OF A SQUALL CELL AND

A THT CELL

Area Square Cell THT Cell

2-Coverage 4A4 A′
4

3-Coverage 4A5 6AT +A′
3

4-Coverage A6 φ

6-Coverage φ A point

Total Area r2sense 6AT +AH
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procedure SQUARE GRID k-COVERAGE(rsense, n)
Input: The radius of the sensing field, rsense, and a vector n that contains different network sizes.
Output: The relative frequency of exactly k-covered points as well as the average k-coverage.

Compute: AS = r2sense. . The area of a unit square of length rsense.
Compute: The areas A1, A2, A3, A4, A5, and A6 from (3)-(8).
for i = 1→ length(n) do

Compute R(i) using (1). . The radius of the circular region.
Compute AR(i) = πR2(i). . The area of the circular region.
Compute cells(i) = AR(i)

AS
. . The number of square cells in the circular region.

for k = 2→ 4 do
Compute ACoverage(k, i). . The total k-coverage area in the circular region.
Compute KRF

Coverage(k, i) =
ACoverage(k,i)

AR(i) . . The relative frequency of the k-th coverage.
end for
Compute KAvg

Coverage(i). . The weighted average k-coverage.
end for

end procedure

Fig. 4. Square cell k-coverage algorithm.

procedure THT GRID K-COVERAGE(rsense, n)
Input: The radius of the sensing field, rsense, and a vector n that contains different network sizes.
Output: The relative frequency of exactly k-covered points as well as the average k-coverage.

Compute: AH using (9) . The area of a single hexagon.
Compute: AT using (10) . The area of a single equilateral triangle.
Compute: ATHT = 6AT +AH . The total area of a single THT cell.
Compute: The areas A′

1, A′
2, A′

3, and A′
4, using (11)-(15).

for i = 1→ length(n) do
Compute R(i) using (2). . The radius of the circular region.
Compute AR(i) = πR2(i). . The area of the circular region.
Compute cells(i) = AR(i)

ATHT
. . The number of square cells in the circular region.

for k = 2, 3 do
Compute ACoverage(k, i). . The total k-coverage area in the circular region.
Compute KRF

Coverage(k, i) =
ACoverage(k,i)

AR(i) . . The relative frequency of the k-th coverage.
end for
Compute KAvg

Coverage(i). . The weighted average k-coverage.
end for

end procedure

Fig. 5. THT cell k-coverage algorithm.

C. Uniform Random Deployment

Due to the random nature of this deployment strategy,
the sensor nodes can be located at any point within the
circular region. Therefore, it is infeasible to use the k-coverage
map concept. To alleviate this problem, the circular region is
sampled by small square cells.

Fig. 6 shows the algorithm used to obtain the exact k-
coverage of a uniform random deployment. First, n nodes
are generated randomly within a circular region of radius
R. Then, square samples are generated on the same fashion.
For each individual square sample, the distances between all
points on the square sample and all the nodes in the network
are calculated. If the separation distance between a point in
the square sample and a sensor node is less than rsense (i.e.
the sample lies in the sensing field of the sensor node), then
a counter is incremented by one. In other words, for each
square sample, we count how many sensors have sensing

fields that overlap with the sample. Therefore, each square will
have its own counter. Each counter will indicate the exact k-
coverage in that particular sample. For example, if a counter
of a square sample is 4, it means that the point, where the
sample is located, is a 4-coverage point. After that, we count
the occurrence of each k-covered point. Eventually, an average
value for each exactly k-covered point as well as the average
k-coverage are found.

IV. ENERGY MODEL

A. Energy Model

Energy efficiency is crucial in WSN, and node deployment
is necessary to optimize energy consumption [2]. A sensor
node is basically composed of a transceiver unit, a processing
unit, a sensing unit, and a power source. Each unit consumes a
different level of power. In this paper, we are concerned with
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procedure UNIFORM RANDOM k-COVERAGE(rsense, n, s, w,N )
Input: The radius of the sensing field, rsense, a vector n that contains different network sizes, the number of generated
samples, s, the width of each sample, w, and the number of trials N .
Output: The relative frequency of exactly k-covered points as well as the average k-coverage.

Compute R using (1). . The radius of the circular region.
for i = 1→ length(N) do

[X,Y ] = RandomDeployment(n,R) . A function that returns the (x, y) coordinates of n nodes such that
they are uniformly distributed over a circular region of radius R.

for k = 1→ length(s) do
[A,B] = RandomDeployment(1, R) . A function that returns the (x, y) coordinates of a generated sample

such that the location of the sample is uniformly distributed over a
circular region of radius R.

squareX = [A− (w/2) , A , A+ (w/2)] . Convert the sample point to a square of width w.
SquareY = [B − (w/2) , B , B + (w/2)]
for j = 1→ length(X) do

. Find the distance between a sensor located at (X(j),Y (j)), and a point within the square sample. If any
point in the square sample is within the sensing field of the sensor node, then increment the counter,
otherwise, do not increment. Once this is done, move to another sensor node and repeat the process. Once
all the sensor nodes are checked, create another square sample and repeat the process all over again.

for m = 1→ 3 do
for l = 1→ 3 do

d(m, l) =
√

(squareX(m)−X(j))2 + (squareY(l)− Y (j))2

if d(m, l) < rsense ‖ d(m, l) = rsense then
break

end if
end for
if d(m, l) < rsense ‖ d(m, l) = rsense then

break
end if

end for
if d(m, l) < rsense ‖ d(m, l) = rsense then

counter(k) = counter(k) + 1
end if

end for
end for
Compute: Unique(i) . Check the unique values obtained from the counter.
Compute: Count(i) . Count the number of occurrence for each unique element.
Compute KRF

Coverage(k, i) =
Count(i)
length(s) . . The relative frequency of the k-th coverage of an individual trial.

Reset: counter(k)
Compute KAvg

Coverage(i). . The weighted average k-coverage of an individual trial.
end for
Compute KTotalRF

Coverage. . The average relative frequency of the k-th coverage of all the trials.
Compute KTotalAvg

Coverage . . The weighted average k-coverage of all the trials.
end procedure

Fig. 6. Uniform random k-coverage algorithm.

the total energy consumption in the system, which is expressed
as [2]

Etotal =

n∑
i=1

( li∑
j=1

ej

)
, (16)

where ej is the energy consumption per hop, and li is the
number of hops in the i-th data flow. In [2], the energy
consumption per hop is expressed as

ej = eTx + eRx + esense, (17)

where eTx, eRx, and esense are the energy consumed by
the transmitter, receiver, and sensing, respectively. However,
in this paper we assume that the sensing load is equally
distributed across the network (i.e. each sensor node will
consume the same energy for sensing), and hence, esense can
be removed from (17). Furthermore, we assume that there are
other sources in the transceiver unit that also consume small,
but not negligible, energy, and they are as follows.

1) Idle State Energy: The transceiver unit drains small
current when it is in an idle state. This energy consumption
is denoted by eidle.
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2) Clear Channel Assessment Energy (CCA): It is also
known as channel sensing, and it is an essential part in wireless
sensor networks. Therefore, each node consumes eCCA when
it senses the wireless channel.

3) Switching Energy: Each transceiver unit consumes en-
ergy when it switches states (e.g., from idle to active), and
this energy is denoted by eSW .

In addition to that, we focus on the energy consumed by
each individual sensor instead of the energy consumed by the
data flows. Therefore, (16) will become

Etotal =

n∑
i=1

esi , (18)

where esi is the total energy consumed by an individual sensor,
and it is expressed as

esi = eTx + eRx + eidle + eCCA + eSW . (19)

To summarize, the only source of energy consumption is the
transceiver unit. Both the processing and sensing units are
assumed to consume the same energy across all the sensors in
the network, and hence, they are neglected.

B. Energy Model Setup

Fig. 7 shows the energy framework. It consists of an energy
source, and a device energy model [5]. Basically, the device
energy model of each sensor node (in this case the transceiver
unit) drains energy from the energy source of the node (in
this case the battery). The energy consumed by the transceiver
depends on the operation (e.g., transmitting, receiving, channel
sensing) or the state of a node (e.g., idle, switching, etc.). We
use a simple linear battery model. This battery model has a
user-specified capacity (in Joules), and it discharges linearly
until it depletes.

To summarize, a simple energy model with linear battery
is used. It differs from the energy model proposed in [2] in
the following. First, we have additional sources that consume
energy. Second, we find the total energy consumed by each
sensor node rather than the energy consumption of the data
flows. Third, the energy per hop in [2] is dependent on the
distance. That is, the energy consumed of two data flows might
be different even if they have the same number of hops due

Fig. 7. The energy framework.

to the different distances between the hops. The two models
are similar in the following. The energy consumed by the
processing and sensing units is ignored. In addition, the energy
consumption of transmitting one bit is equivalent to the energy
consumed by receiving one bit.

V. SIMULATION RESULTS

In this section, the three deployment techniques are evalu-
ated based on coverage and energy. Two powerful simulation
tools have been used: MATLAB and Network Simulator 3
(NS-3). The former is used to analyze the coverage, whereas
the latter is used to analyze the energy consumption. We
assume that rsense = 11m for all the experiments.

A. Coverage

In [2], the authors claim that a single square cell is sufficient
to get the exact k-coverage of the square grid deployment.
Therefore, we run two experiments. The first one is the exact
k-coverage of a single square cell, and the second one is the
exact k-coverage of large-scale WSN where the number of
nodes is varied from 100 to 1200. Fig. 8 shows the results
obtained for the two experiments. It is observed that the two
experiments give almost identical results. This is because the
circular region can be safely decomposed into square cells
with very small areas that float outside the perimeter. It is
observed that half of the circular region is always covered by
three nodes. In addition, the square grid has an average of
3.14-coverage with a standard deviation of 0.0080.

Similarly, Fig. 9 illustrates the results obtained for the THT
grid. It is observed that the majority of the circular region is
always covered by 3 sensors. Also, THT grid has an average of
2.79-coverage with standard deviation of 0.0323. Even though
it has less average k-coverage compared to the square grid,
we note that the center of a hexagon (6-coverage point) is a
potential location for the sink nodes, and hence, it has the best
balanced coverage performance [2].

The average k-coverage results match the results in [2].
However, we have obtained different relative frequencies of
the THT k-coverage. This is because we assume that the THT
cells perfectly fit a circle (only 0.9% spans out of the circle,
and it is ignored). In other words, in our simulations, we create
THT cells, and then we have a circle that covers these cells
while in [2], they start with a circular region, and then the cells
are created inside the region; therefore and due to the irregular
areas near the circular perimeter (i.e. at the boundaries), our
results will slightly differ. Nevertheless, our results provide
the same insights in [2], where the majority of the network is
covered by three nodes.

For random deployment, there are several parameters that
play a role in determining the k-coverage, and they are: the
number of trials, the number of samples in each trial, and the
sample size. It is important to differentiate between the number
of samples and the number of trials. In each trial, we generate
n nodes that are randomly distributed. Then, the network is
sampled. In the next trial, we regenerate the n nodes again to
update their locations, and then we sample the network again.
Clearly, increasing the number of samples will make the results
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Fig. 8. The exact k-coverage of square grid deployment.

Fig. 9. The exact k-coverage of THT grid deployment.

more deterministic rather than just being randomly fluctuating.
We assume a square sample with a length of 0.5m, and the
number of nodes is varied from 100 to 1200. Fig. 10 illustrates
the simulation results. We note that around 95% of the network
is between 1-coverage to 8-coverage, 4.5% are not covered by
any nodes (i.e. 0-coverage), and 0.5% are covered by more
than 8 nodes (e.g., for networks larger than 500 nodes, few
locations have up to 11-coverage). The average k-coverage is
3.147 with standard deviation of 0.05. We note that average
k-coverage decreases when the number of nodes decreases
(e.g., for 100-200 nodes networks, the average k-coverage is
around 3.00). In [2], the authors only considered a sample size
of 0.5m. However, the sampling size has a an effect on the
granularity of the results. For example Fig. 11 shows how the
results is varied if the sample size is changed from a point
sample to a square sample of length 10m. Clearly, the smaller
the sample, the more accurate the results. Nevertheless, the
authors in [2] claim that 0.5m square sample is sufficient.
Finally, a summary of the coverage results is given in Table
II.

B. Energy Consumption

Two networks of size 100 nodes and 500 nodes are simu-
lated. We assume that each sensor node transmits one 1-byte
packet to the closest sink using Ad hoc On-Demand Distance

TABLE II
A COMPARISON BETWEEN THE k-COVERAGE OF THE THREE

DEPLOYMENTS

Area Square Cell THT Cell Random

2-Coverage 17.33% 18.45% 20.63%

3-Coverage 51.05% 80.65% 21.82%

4-Coverage 31.46% φ 17.60%

Average K-Coverage 3.14 2.79 3.147

Fig. 10. The exact k-coverage of uniform random deployment.

Fig. 11. The effect of varying the size of the square sample on the coverage
performance.

Vector (AODV) routing protocol. Furthermore, we assume that
both the transmitter and the receiver drain 9.2mA per packet.
In addition, idle state, CCA busy state, and switching state
currents drain 426µA each.

Fig. 12 and Fig. 13 show the simulation results of the
deterministic deployments for both 100 nodes and 500 nodes,
respectively. It is observed that THT deployment outperforms
the square deployment. This is because the triangle and
hexagon tiling reduces the number of hops required for the
data flows [2]. Furthermore, placing the sink nodes on the
center of the hexagon provides better energy balance because
the hexagon center is a 6-coverage point.

We note that the sink deployment in [2] has an independent
strategy based on the Center of Gravity of a Sector of a Circle
(CGSC), and it changes according to the number of nodes
in the network. However, we use square grid deployment for
the sinks in all the three different experiments. Unfortunately,
sink square grid deployment is not flexible, and it requires
manual tuning as the number of sensors or sinks changes.
However, our results for deterministic deployments give the
same insights presented in [2]. The effect of the sink de-
ployment is illustrated in Fig. 14 where different sink square

Fig. 12. Energy Consumption of a network of 100 nodes using deterministic
deployment.
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Fig. 13. Energy Consumption of a network of 500 nodes using deterministic
deployment.

Fig. 14. Square grid deployment where different square patterns are used for
the sinks.

grid deployments are simulated for a square grid deployment.
Clearly, the deployment of sinks is very critical because, as
observed, it has a direct impact on the energy consumption.
Another issue is the THT deployment, which is implemented
using multiple square grids in NS-3 (see the Appendix for
more details).

In addition, Fig. 15 and 16 show the energy consumption
of random deployment of 100 nodes and 500 nodes, respec-
tively. A direct comparison between random and deterministic
deployments may not be feasible due to the sink deployment
approach used.

VI. CONCLUSION

Node deployment in WSN has significant impact on both
the coverage and the energy consumption. Three deployments
are investigated, two of which are deterministic and they
are square grid and THT grid, and the other one is random
deployment based on uniform distribution. We show that
square grid provides better coverage compared to the other
strategies. Also, the random deployment has very comparable
coverage performance with the square grid. Even though THT
grid has the least average k-coverage, it outperforms the square
grid in terms of energy consumption because the triangles and
hexagons decrease the number of hops of the data flow. In
addition, the 6-coverage point in THT is a potential point for
sink deployment.

APPENDIX
THT GRID DEPLOYMENT IN NS-3

Since there are no available THT position allocators in NS-
3, we have used multiple square grid position allocators to
simulate the THT grid. Fig. 17 depicts the three square grids
used to create the THT grid, where each side of the shapes has

Fig. 15. Energy consumption of a network of 100 nodes using random
deployment.

Fig. 16. Energy consumption of a network of 500 nodes using random
deployment.

an length length of r. This will prevent implementing the THT
grid inside a perfect circular region because the square root
operation is used to distribute the nodes in three different grids,
and the square grid allocator merely accepts integer arguments.
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Fig. 17. Three square grids are used to implement the THT grid.
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