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Abstract: Performance evaluation of a cooperative wireless communication network depends on several parameters.
Many of the studies, in fact, take a limited number of performance metrics individually to reach a conclusion about
the performance of a network. Besides, in general, some performance metrics might be in conflict. Thus, ignoring the
combined effect of all performance criteria in the network may lead to an incorrect conception of the overall communication
performance of the network. Therefore, in this study, a comprehensive evaluation methodology in terms of various metrics
is proposed to calculate the performance of a cooperative wireless communication network deployment using a real terrain
map. The proposed methodology, based on desirability functions, is discussed in terms of signal quality, signal quality
with hopping, average number of hopping, hopping duty, and deployment altitude. In addition to individual scores for
each performance criterion, an overall performance score is also obtained. Furthermore, the effects of the desirability
function’s ambition factor, terrain characteristics, and connectivity requirement rate on the score are also presented. The
simulation results show that the desirability function-based performance evaluation approach could support a flexible
evaluation as well as provide an agreement on the conflicting performance metrics.
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1. Introduction
Unlike cellular networks, a typical wireless communication network may consist of many devices that have to
communicate with each other without utilizing a base station. Communication between any two devices is
provided when the receiver is within the transmission range of the transmitter. Conversely, a direct link among
all the devices hardly exists due to propagation losses and terrain characteristics; however, as a cost-effective
solution, a cooperative wireless network that allows multihop transmission may be employed to connect all the
devices in the network [1–4].

Cooperative wireless networks may be found in both civil and military applications [5]. For example,
for disaster relief, randomly deployed communication devices are essential and probably the only solution to
provide communication in an emergency situation. On the other hand, the predefined deployment plan may be
the primary and permanent aspect for the network. Thus, if redeployment of the devices in the network is not
possible, a cooperative wireless network that allows multihop transmission is the only solution.

In the literature, coverage and the number of devices are generally the most common performance
indicators to define the performance of a wireless network via optimization algorithms. In [6], quality of
∗Correspondence: aakbulut@ankara.edu.tr
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coverage and the number of sensors are used for the performance evaluation of a wireless sensor network on
three-dimensional terrain. In [7] the performance of a communication network over a real terrain is calculated
based on two different metrics. The first metric considers the coverage, whereas the second metric computes
the average signal quality. In [8] coverage is used as the main performance metric of a wireless sensor network
and mobility is considered on a synthetically generated terrain. In [9] the performance metric is chosen as
coverage. Although some studies such as [10] took the effect of propagation loss and the characteristics of a real
environment, there is a lack of studies that take the performance evaluation problem of a cooperative wireless
network in terms of overall communication activity in an aggregated manner.

An accurate performance evaluation of a cooperative wireless network is critical for the success and
maintainability of the communication activity in the network. Since several parameters can be used to calculate
the performance of a network, in many cases these parameters may have different units and they may conflict
with each other [1, 11]. Derringer and Suich [12] introduced individual desirability functions to evaluate multiple
responses, which is a simple and flexible solution to obtain a fair adjustment among several metrics. After
calculating individual scores for different performance parameters, an overall desirability score is obtained by
considering all the metrics [13].

The scope of this study is to propose a methodology to evaluate the performance of a wireless cooperative
communication network in which the devices are already deployed and relocating the devices is not probable or
desired. Accordingly, devices are randomly deployed over an environment by using a real terrain map having
latitude, longitude, and altitude information. Since the performance of a wireless network mainly depends on
the communication link efficiency, a detailed propagation loss calculation considering the characteristics of the
terrain is performed. Performance parameters are defined as signal quality, signal quality with hopping, number
of hops, hopping duty, and deployment altitude. With respect to these performance parameters, desirability
functions are defined to calculate the individual scores. However, evaluating these performance metrics individ-
ually may be contradictory or misleading. Thus, one may prefer to evaluate the overall performance score of
a cooperative wireless communication network. To the best knowledge of the authors, performance evaluation
of a cooperative wireless network deployment over an environment using a real terrain map in this manner has
not been deeply studied in the literature.

The organization of this study is as follows. In Section 2, we discuss the cooperative wireless commu-
nication network model in terms of propagation loss, connectivity matrices, and desirability functions. The
proposed performance evaluation approach is also given in Section 2. The simulation parameters and results
are given in Section 3. Finally, results of this study are concluded in Section 4.

2. Materials and methods
2.1. Network model
A wireless network consisting of n equivalent devices having the same transmission powers and antenna heights
is considered in this study. All communication devices in the network can send and receive data among each
other and they all have hopping capability. Therefore, multihop transmission is employed to provide connections
among the devices when there is not a direct link between any two devices. The topology of a sample network
having 10 nodes is given in Figure 1. In this figure the lines indicate the required connections.

A digital terrain elevation data (DTED) map [14] is considered to represent a real environment charac-
teristics. Each point on the map is defined with p(x, y, z), where x, y, and z show the latitude, longitude, and
altitude values, respectively. Since the deployment of the communication devices in the network is performed
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randomly, there is no guarantee for the existence of a reliable communication link among the devices due to
obstacles and the propagation loss.

A directed communication graph, G(V, E), can be used to model the wireless network deployment. An
edge (i, j) ∈ E is a directed link from device i to device j. E is the set of all possible links in the network and
devices ni ∈ V in the network are represented with the set of vertices, V. The haversine distance, considering
the earth’s curvature, between device i and device j is represented by d(i, j) [10].

  1

  2

  3

  4   5

  6

  7

  8

  9

  10

Figure 1. An example network topology representing desired connections among the devices.

The transmission range of a device determines the presence of a communication link between any two
devices. Since the considered environment is a three-dimensional (3D) terrain, considering only the distance
between the transmitter and receiver is not sufficient to describe the existence of a communication link. In this
study, we employ the received power of the devices, which depends on the propagation loss between two devices,
to determine the reliability of a communication link. Therefore, defining the received power at device j from
the transmitter i as Pij and a threshold power for a reliable communication as δ , the set of edges must satisfy
the following condition to provide a communication link:

(i, j) ∈ E ↔ Pij ≥ δ. (1)

Although the main aim of a wireless communication network is to ensure that all devices are connected
to each other, a communication link for all pairs of devices may not be obtained due to degradation in the
received power. Therefore, a multihop transmission is considered as a low-cost solution rather than relocating
devices. A maximum number of hops for each connection is defined not to increase the overhead in the network.
With the help of multihop transmission, eventually we may have an all-connected communication network.

2.2. Propagation loss model

Line of sight (LoS) and terrain profile analysis are crucial while calculating the propagation loss in a terrain
due to the obstacles through the propagation path. The locations and the number of obstacles are required
to calculate the diffraction loss [15]. Since the locations of the devices may not be on the grid points, the
interpolation method given in [16] is employed to calculate the latitude, longitude, and altitude values of any
point between two locations defined in the gridded structure of the DTED maps.

We employ the propagation by the diffraction model recommended by the International Telecommuni-
cations Union [15], which is used to predict the propagation loss due to the obstacles existing in the terrain in
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addition to free space or flat earth path loss. Then the propagation loss, PL, is calculated as:

PL = max(PLfree + PLflat) + PLdiff , (2)

where free space and flat earth path loss are denoted by PLfree and PLflat , respectively. PLdiff represents
the diffraction loss due to the obstacles. Free space path loss is defined in (3), where d is the distance in
kilometers between communication devices and f is the transmission frequency in MHz:

PLfree = 32.44 + 20 log10 d+ 20 log10 f. (3)

Similarly, flat earth path loss is given as:

PLflat = 120− 20 log10 htx − 20 log10 hrx + 40 log10 d, (4)

where htx and hrx are the antenna heights of the transmitter and receiver devices, respectively. To calculate
the diffraction loss, we obtain the path profiles and use the model described in detail in [15].

Now, PLij is the total propagation loss from device i to device j and the transmitter power of the device
i is defined as Pi . Therefore, the received power at device j, Pij , is given in (5):

Pij = Pi − PLij . (5)

In brief, the propagation loss simply depends on terrain elevation values, transmitter and receiver antenna
heights, and transmission frequency.

2.3. Connectivity matrix model
The desired connectivity, actual connectivity, hopping connectivity, and accessibility matrices will be introduced
to represent the directed communication graph.

Since all devices in the system are not necessarily required to communicate with each other, a desired
connectivity matrix D is introduced to represent the required connections among the devices in the network.
The diagonal elements of this matrix have a value of 0. The (i,j) entry of the matrix has a value of 1 if device
i and device j are desired to be connected. On the other hand, the entries that take the value of 0 represent
nonmandatory connections. Besides, the connectivity requirement rate of the network is also defined as the
ratio of number of connections that are desired to the number of all possible connections in the matrix. For
example, for a network consisting of n devices having n(n −1) possible connections, and if only two connections
are required, the connectivity requirement rate is equal to 2n/(n −1). The desired connectivity matrix D is
given as:

D =



0 0 1 1 1 1 1 0 1 1
0 0 0 0 0 0 0 1 0 0
1 0 0 0 0 0 1 0 1 1
1 0 0 0 1 1 0 0 1 0
1 0 0 1 0 1 0 0 1 0
1 0 0 1 1 0 0 1 1 0
1 0 1 0 0 0 0 0 1 1
0 1 0 0 0 1 0 0 0 0
1 0 1 1 1 1 1 0 0 1
1 0 1 0 0 0 1 0 1 0


,

for the corresponding topology of the network given in Figure 1.
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The actual connectivity matrix, C, is proposed to represent the actual connection status of the network.
Therefore, each entry of the actual connectivity matrix can be obtained according to the threshold value and
the received power at the corresponding device, as given in (6). In other words, if the received power at device
j is greater than the threshold then this corresponding (i,j) entry is set to 1, whereas the entries of the matrix
when the received power is less than the threshold are determined as 0. The diagonal elements of the matrix
are also set to 0.

cij =

{
1, Pij ≥ δ
0, Pij < δ

(6)

Now we will present a sample actual connectivity matrix with respect to (6) as follows:

C =



0 0 0 0 0 0 0 1 0 0
0 0 1 0 0 0 0 0 0 0
0 1 0 1 0 1 1 0 0 0
0 0 1 0 0 1 1 0 1 1
0 0 0 0 0 0 0 1 0 0
0 0 1 1 0 0 1 0 1 1
0 0 1 1 0 1 0 1 0 1
1 0 0 0 1 0 1 0 0 0
0 0 0 1 0 1 0 0 0 1
0 0 0 1 0 1 1 0 1 0


,

for the same network discussed in Figure 1. The topology of the actual connectivity matrix is now given in
Figure 2. Note that Figure 1 and Figure 2 only represent the desired and actual connections in the network,
respectively, not the positions of the devices.

Besides, if any entry of the desired connectivity matrix has a value of 1 when the corresponding entry of
the actual connectivity matrix is 0, this is a contradiction for the desired connectivity status. Since multihop
transmission is a viable solution to get the desired connectivity, a hopping connectivity matrix H is introduced
as:

H = C + C2 + ...+ Ck, (7)

where k ≥ 2 represents the maximum number of allowed hops to provide a connection between any two devices
[17]. Namely, the H matrix is obtained by summing the C matrix with its square, third, and other kth powers.
Thus, the entries of matrix H have nonzero integer values, which represent the number of available paths to
provide the connection at entry (i,j).

Since the hopping connectivity matrix does not give any information about which path should be selected,
the Floyd–Warshall algorithm [18] is employed to find the shortest hopping route between transmitter i and
receiver j. In this context, the shortest path is determined in terms of number of hops. An accessibility matrix
A is introduced to represent the required number of hops for each (i,j) entry to obtain the connections in the
desired connectivity matrix. If any entry of the C matrix is equal to 1, then the corresponding entry of the
A matrix will also be 1 since there is a direct connection for these devices and no hopping is required for the
corresponding link. On the other hand, if any entry of the C matrix is equal to 0, the corresponding entry of
matrix A will be calculated by means of summing the kth powers of the C matrix. This summation can be
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Figure 2. An example network topology representing actual connections among the devices.

done in two steps:

[
H = C + C2 + ...+ C(k−1)

]
ij
= 0, (8)

[
H = C + C2 + ...+ C(k−1) + Ck

]
ij
̸= 0. (9)

Namely, if (8) and (9) are both satisfied, then the corresponding entry of matrix A will be k; otherwise,
it takes the value of 0. Therefore, the connection between device i and device j can be provided by (k - 1)
hopping.

Since received power values of the devices are required to define the actual connectivity matrix, matrices
for device-to-device received power, P, and end-to-end received power, E, are also introduced. The device-
to-device received power matrix has a structure such that each entry represents the received power from the
transmitter device i at the receiver device j for the corresponding (i,j) entry. On the other hand, entries of the
end-to-end received power matrix describe the received power when multihop transmission is performed for the
corresponding entries.

Although calculation of device-to-device received power is straightforward, as described in (5), end-to-
end received power calculation depends on the individual received power of the devices that are utilized at the
determined hopping route by the Floyd–Warshall algorithm. The end-to-end received power can be calculated
as [19]:

Eij = min
{
Pil1 , Pl1l2 , ..., Plk−1j

}
, (10)

where li ∈ Y ⊂ V and Y is the set of devices that are employed in the multihop transmission to provide a
connection between device i and device j, in which there is not a direct connection between these two devices.

2.4. Desirability function approach

In this study, for a cooperative wireless communication network, signal quality, signal quality with hopping,
number of hops, hopping duty, and deployment altitude are employed as performance metrics. Signal quality
and signal quality with hopping performance metrics describe the average device-to-device and end-to-end
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received power values, respectively. Number of hops indicates the average number of hops performed whereas
hopping duty represents the number of hopping tasks of the device that has the maximum number of hops in
the network. Finally, the deployment altitude metric defines the ratio of the number of devices that are located
above a specific altitude threshold to the total number of devices.

The performance metrics may have different aims, such as to be maximum or minimum; for example,
average received power is desired to be as high as possible for good quality of communication whereas the
hopping duty of a device is to be as low as possible to decrease the hopping load of the corresponding device.
Therefore, we will first define two desirability functions for the criteria desired to be minimum or maximum, in
(11) and (12), respectively. In the desirability function approach, d(y) takes the value of 1 for the most desired
case whereas 0 represents an undesired result or a dissatisfaction of the requirement.

dmin(y) =


1, y < yl(

y−yu

yl−yu

)r

, yl ≤ y ≤ yu

0, y > yu

(11)

dmax(y) =


1, y > yu(

y−yl

yu−yl

)r

, yl ≤ y ≤ yu

0, y < yu

(12)

In (11) and (12), the exponent r is a user-defined ambition factor to determine the response of the
desirability function. yu and yl are the upper and lower limits of the desirability functions, respectively [13].

Since we are proposing an aggregated performance evaluation, the individual desirability function scores
of di can be employed in a geometric mean to calculate the overall desirability score, DS:

DS =

[
m∏
i=1

di(y)

] 1
m

, (13)

where m is the number of individual desirability functions scores.

2.5. Proposed performance evaluation methodology

The proposed performance evaluation methodology is summarized in Figure 3 in a flowchart. To verify that the
required connections indicated by the desired connectivity matrix D are fulfilled, the entries of matrix H greater
than 1 are set to 1 and defined as the H

′ matrix. As shown in the flowchart, we will first describe a desirability
connectivity matrix, which represents the required or mandatory connections in the network. After calculating
received power at each device according to the propagation loss, we will obtain the actual connectivity matrix.
This matrix shows the connectivity status of the devices in the network. If all mandatory connections in the
network are satisfied, the A , E , and H

′ matrices are constructed to calculate the performance of the network.
Otherwise, the hopping process is performed and the same procedure is repeated.

Consequently, we define five different inputs, y1 , y2 , y3 , y4 , and y5 , for the desirability function scores,
d1 , d2 , d3 , d4 , and d5 , respectively. It is preferable that the y1 and y2 input values be as high as possible,
whereas the y3 , y4 , and y5 input values are as low as possible.
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High average received power in the network is essential for good quality transmission. Therefore, the
signal quality desirability score shall be calculated by (12). The input of this function in terms of average
device-to-device received power is determined as:

y1 =
1

n(n− 1)

 n∑
i=1

n∑
j=1
i̸=j

Pij

 , (14)

where n/(n −1) represents the number of possible connections in the network.
The signal quality desirability score will approach 1, which indicates the most desirable performance, if

y1 is close to yu , whereas the signal quality desirability score becomes zero when the average device-to-device
received power value is less than yl .

Then, since we assume that all the devices have hopping capability, after multihop transmission, we can
propose the signal quality with the hopping desirability metric. This performance metric is also calculated by
(12); however, now it depends on the average end-to-end received powers of the devices in the network. The
input to the end-to-end received power desirability function is given in (15):

y2 =
1

n(n− 1)

 n∑
i=1

n∑
j=1
i̸=j

Eij

 . (15)

Although multihop transmission eventually may provide all the required connections, a large number of
hops will degrade the performance of the network. Therefore, for the hopping desirability score that will be
calculated by (11) to indicate the performance of the network in terms of average number of hops, the input
value is given in (16):

y3 =
1

n

 n∑
i=1

n∑
j=1
i ̸=j

(Aij − 1)

 . (16)

The average number of hops performed in the network is calculated according to the accessibility matrix
entries. Since allowing a high number of hops in the network will adversely affect the communication traffic,
the hopping desirability function score is going to be decreased by the increasing number of hops.

Due to the characteristics of the environment, some of the devices in the network may have an excessive
hopping duty to provide the connection. Therefore, a large number of hops for a single device will yield
performance degradation in that device, which also degrades the performance of the whole system. In this
context, the hopping duty desirability score shall be calculated by (11) and the input value is given as:

y4 =
max(mi)

n(n− 1)
, i = 1, ..., n, (17)

where mi represents the number of hops performed for each device i. If the device has no hopping duty, the
value of m for the corresponding device is set to zero. Consequently, for the input given in (17), the desirability
function score increases when the hopping duty decreases. Finally, we define an altitude threshold because it
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Figure 3. Flowchart of the proposed performance evaluation methodology.

is physically difficult to deploy the devices at high altitudes. Thus, it is preferable that the number of devices
below the threshold be as high as possible. Therefore, for the altitude desirability score that will be calculated
by (11), the input value is given as:

y5 =
n

′

n
, (18)

where n
′ represents the number of devices that are located above the threshold whereas n is the number of all

devices in the network.
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3. Results
Simulation results are given to show the effects of individual desirability scores on calculating the overall
performance score of the cooperative wireless network as well as the impact of ambition factor, number of
devices, and terrain characteristics. Random deployment of the devices over different terrain characteristics and
various connectivity requirement rates are employed for different numbers of devices. Simulations are repeated
200 times and results are averaged. Simulation parameters are given in the Table.

Table. Simulation parameters.
Transmission power of the devices 20 W
Number of communication devices 30, 60, 120
Terrain dimensions 10162 m × 10286 m
Connectivity requirement rate, % 20, 40, 100
Maximum number of hopping 5
Power threshold for reliable communication link –103 dBm
Transmission frequency 400 MHz
Desirability function ambition factors 0.3, 3
Signal quality and signal quality with hopping desirability function lower
and upper limits

–125 dBm, –40 dBm

Hopping desirability function lower and upper limits 0, 5
Hopping duty desirability function lower and upper limits 0, 1
Altitude threshold value 1950 m
Altitude desirability function lower and upper limits 0, 1

We compute the performance of a wireless cooperative communication network consisting of n devices
randomly deployed over two different terrains having hilly and mountainous characteristics, as shown in Figure 4
and Figure 5, respectively.
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Figure 4. DTED map for a hilly terrain and a random
deployment of 30 devices.

Figure 5. DTED map for a mountainous terrain and a
random deployment of 30 devices.

Communication network performance is evaluated for three different connectivity requirements rates of
20%, 40%, and 100%. A DTED map has a grid structure and each grid is a 1◦ by 1◦ cell. There are basically
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three DTED maps, such as Level 0, 1, and 2, with different resolutions. Specifically, DTED Level 2 maps,
consisting of 3601-by-3601 grids, containing one arc second grid with a dimension of approximately 30 m, have
been used in this study.

Figure 6 and Figure 7 show the desirability performance scores of a network consisting of 30 devices with
three different connectivity requirement rates, deployed over a hilly terrain when the ambition factor is set to
0.3 and 3 for each desirability function.
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Figure 6. Performance scores for the network consisting
of 30 devices deployed randomly over a hilly terrain when
the desirability function’s ambition factor is 0.3.

Figure 7. Performance scores for the network consisting
of 30 devices deployed randomly over a hilly terrain when
the desirability function’s ambition factor is 3.

According to Figure 6, when the connectivity rate is increased from 20% to 40% and from 40% to 100%,
the hopping score is decreased by 1.6% and 6.0%, respectively. Therefore, increasing the number of devices that
need to be connected in the network increases the need for hopping. Besides, in Figure 7, the hopping scores
are decreased by 14.5% and 47.9% with the increased connectivity rates. On the other hand, there is not a
noticeable change in other scores. Hopping score is decreased by 14.3%, 25.5%, and 58.7% for the connectivity
rates of 20%, 40%, and 100%, respectively, when the ambition factor is switched from 0.3 to 3. The altitude
score has no effect on the overall performance calculation since none of the devices have been located at an
altitude that is higher than the threshold.

Figures 8 and 9 and Figures 10 and 11 give the performance scores when the number of devices in a
hilly terrain deployment network is 60 and 120, respectively. Hopping duty score is increased by 5.2% when
the number of devices is increased from 30 to 120 at a connectivity rate of 20%, since the hopping duty is more
likely to be shared by devices and the score is improved. The performance evaluation of the network deployed
on a mountainous terrain is given in Figure 12 and Figure 13 for two different ambition factors of 0.3 and 3 and
for three different connectivity rates.

According to the results given in Figures 6–13, changing the ambition factor from 0.3 to 3 results in
a significant performance score variation due to the structure of the desirability function despite the same
network being discussed. Accordingly, the simulation results simply show the impact of the ambition factor on
the performance scores of the desirability functions.

To assess the effects of the terrain and the number of devices, Figures 14 and 15 are respectively given.
In Figure 14, over a mountainous terrain hopping, signal quality, and hopping duty scores are decreased by
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Figure 8. Performance scores for the network consisting
of 60 devices deployed randomly over a hilly terrain when
the desirability function’s ambition factor is 0.3.

Figure 9. Performance scores for the network consisting
of 60 devices deployed randomly over a hilly terrain when
the desirability function’s ambition factor is 3.
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Figure 10. Performance scores for the network consisting
of 120 devices deployed randomly over a hilly terrain when
the desirability function’s ambition factor is 0.3.

Figure 11. Performance scores for the network consisting
of 120 devices deployed randomly over a hilly terrain when
the desirability function’s ambition factor is 3.

5.4%, 45.6%, and 3.4%, respectively, for ambition factor of 0.3 and connectivity rate of 100%.
Therefore, the mountainous terrain deployment significantly degrades the signal quality performance due

to the increased roughness of the terrain. On the other hand, in Figure 15, there is a slight increase in the
overall score when the number of devices is getting larger. However, scores of hopping and hopping duty are
increased by 21.1% and 53.8%, respectively, when the number of devices is increased from 30 to 120.

As a result, it is observed that increasing the connectivity requirement rate does not have an adverse
effect alone on the signal quality score, whereas the terrain type has the major impact on the signal quality.
Furthermore, the altitude score has no effect on the overall performance score of the hilly terrain because all
altitudes remain below the threshold. However, the overall score is adversely influenced by the altitude score in
a mountainous terrain deployment.
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Figure 12. Performance scores for the network consist-
ing of 60 devices deployed randomly over a mountainous
terrain when the desirability function ambition factor is
0.3.

Figure 13. Performance scores for the network consist-
ing of 60 devices deployed randomly over a mountainous
terrain when the desirability functions ambition factor is
3.
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Figure 14. Performance scores for the network consisting
of 60 devices with a connectivity rate of 100% deployed
randomly when the desirability function ambition factor
is 0.3.

Figure 15. Performance scores for the network with a
connectivity rate of 100% deployed randomly over a hilly
terrain when the desirability function ambition factor is 3.

4. Conclusions
We present a desirability function-based methodology to evaluate the performance of a cooperative wireless
communication network. The performance of the network is evaluated in two different terrains with three
different numbers of devices and three connectivity requirement rates. Five distinct desirability functions are
defined to evaluate the performance of the network in individual scores and an overall score is also obtained.
Simulation results show that the ambition factor of desirability functions inherently affects the overall and
particular performance scores. In addition, performance of the network depends on the terrain characteristics,
number of devices in the network, and number of devices required to be connected with each other.

A remarkable result that shows the convenience of the desirability function methodology can be recognized
when the scores are compared. The performance of the network according to a single metric might be pretty
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good, whereas the overall score might indicate a quite poor performance and vice versa. By the proposed
performance evaluation approach, we integrate the individual scores into a single overall network performance
score. Besides, according to the results, the desirability function-based performance evaluation methodology
could support a flexible assessment approach as well as provide a settlement on the conflicting performance
metrics.

This study also shows that the desirability functions can be used to develop rule-based or heuristic
algorithms to improve the communication quality of a network when employing a classical multiobjective
optimization algorithm is not feasible. As a future work, a rule-based algorithm will be developed to improve
the performance of the network by changing device locations, which can yield higher desirability scores.

Acknowledgment

This work was supported by an ASELSAN Inc. grant. The authors would like to express their gratitude for
this support and the valuable suggestions of the ASELSAN DST members, Miase Örümlü and Ali Kılınç.

References

[1] Toumpis S, Toumpakaris D. Wireless ad hoc networks and related topologies: applications and research challenges.
Elektrotechnik & Informationstechnik 2006; 123 (6): 232-241.

[2] Younis M, Akkaya, K. Strategies and techniques for node placement in wireless sensor networks: a survey. Ad Hoc
Networks 2008, 6: 612-635.

[3] Flushing EF, Di Caro GA. Relay node placement for performance enhancement with uncertain demand: a robust
optimization approach. In: 11th International Symposium and Workshops on Modeling and Optimization in Mobile,
Ad Hoc and Wireless Networks; Tsukuba Science City, Japan; 2013. pp. 556-563.

[4] Hasna MO, Alouini MS. Outage probability of multihop transmission over Nakagami fading channels. IEEE
Communications Letters 2003; 7: 216-218.

[5] Hoebeke J, Moerman I, Dhoedt B, Demeester P. An overview of mobile ad hoc networks: Applications and
challenges. Journal of Communications and Networks 2004; 3: 60-66.

[6] Temel S, Unaldi N, Kaynak O. On deployment of wireless sensors on 3-D terrains to maximize sensing coverage
by utilizing cat swarm optimization with wavelet transform. IEEE Transactions on Systems, Man, and Cybernetics
2014; 44: 111-120.

[7] Schmidt-Dumont T, van Vuuren JH. Optimisation of radio transmitter locations in mobile telecommunication
networks. South African Journal of Industrial Engineering 2016; 27: 160-176.

[8] Sweidan HI, Havens TC. Coverage optimization in a terrain-aware wireless sensor network. In: IEEE Congressium
on Evolutionary Computation; Vancouver, Canada; 2016. pp. 3687-3694.

[9] Nicholas PJ, Anderson DL. Fast, effective transmitter placement in wireless mesh networks. Military Operations
Research 2012; 17: 69-84.

[10] Al-Shehri SM, Loskot P, Hirsch MJ. Enabling connectivity for tactical networks in mountainous areas by aerial
relays. Telecommunication Systems 2019; 71: 561–575.

[11] Lee DL, Jeong IJ, Kim KJ. A desirability function method for optimizing mean and variability of multiple responses
using a posterior preference articulation approach. Quality and Reliability Engineering International 2018; 34: 360-
376.

[12] Derringer G, Suich R. Simultaneous optimization of several response variables. Quality Technology 1980: 12; 214-
219.

3381



KALAYCIOĞLU et al./Turk J Elec Eng & Comp Sci

[13] Costa NR, Lourenço J, Pereira ZL. Desirability function approach: a review and performance evaluation in adverse
conditions. Chemometrics and Intelligent Laboratory Systems 2011; 107: 234-244.

[14] MIL-PRF-89020B, Performance Specification Digital Terrain Elevation Data (DTED), Department of Defense,
Index of Specifications, 2000.

[15] Recommendation ITU-R P.526-13, P Series, Radiowave Propagation, Propagation by Diffraction, 11/2013.

[16] Proctor MD, Gerber WJ. Line-of-sight attributes for a generalized application program interface. Journal of Defense
Modeling and Simulation 2004; 1: 43-57.

[17] Ulrychova E. Several simple real-world applications of linear algebra tools. In: Proceedings of Contributed Papers,
Part I; 2006. pp.31-34.

[18] Cormen TH, Leiserson CE, Rivest RL, Stein C. Introduction to Algorithms. 3rd ed. Cambridge, MA, USA: MIT
Press; 2009.

[19] Alghorani Y, Kaddoum G, Muhaidat S, Pierre S, Al-Dhahir N. On the performance of multihop-intervehicular
communication systems over n*Rayleigh fading channels. IEEE Wireless Communications Letters 2016; 5: 116-119.

3382


	Introduction
	Materials and methods
	Network model
	Propagation loss model
	Connectivity matrix model
	Desirability function approach
	Proposed performance evaluation methodology

	Results
	Conclusions

