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Abstract

In this article, the modeling of an automatic link generation device or ALE using neural networks or artificial intelligence is
introduced.

In general, the performance of an ALE device can be modeled.

The goal of modeling is to design this device using new methods and implement it using existing tools and, as a result, to make it
local.

In this regard, this paper attempts to model and implement the overall performance of the ALE device using neural networks and
the MLP algorithm.

First, after examining the communication channels and the effects of nonlinearity and noise on data transmission, a model for data
transmission in communication channels is introduced and coded in the required software environment. Then, the types of neural
networks and their applications are introduced and the best algorithm for modeling the ALE device is selected.

In the following, several models are implemented and compared using the required software tools and MLP algorithm coding.

Finally, the proposed model based on the MLP algorithm can predict the appropriate channel with the least error, instead of a new
output. The proposed models, after optimization, can be implemented on FPGA and provide a way to build this device within the
country.
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1. Introduction
Automatic Link Equipment* or (ALE) is a communications
protocol used in radio communications to establish and maintain a
link between two or more stations. ALE is designed to provide
reliable communications over long distances and under adverse
conditions such as interference, noise, and fading.

ALE uses a set of algorithms to automatically select the best
frequency and modulation scheme for a given communication link.

The system continuously monitors the quality of the link and
adjusts the necessary parameters to maintain optimal performance.

One of the key advantages of ALE is its ability to operate in a
dynamic environment.

As conditions change, such as ionospheric conditions or the
presence of interference, ALE can be adapted to maintain a
consistent link.

This makes it particularly useful in military and emergency
communications, where reliable communications are critical. ALE
is used in a variety of radio systems, including HF and VHF
radios.

It is also used in some satellite communications systems..2

Satellite communications are still too expensive for widespread use
in the battlefield.

Their vulnerability is also a concern. Traditional VHF/UHF links
are not capable of meeting the requirements for communications
beyond line of sight.

For all practical purposes, UHF is limited to line of sight and can
only be used successfully when there is visual contact.

VHF, although better than UHF in this respect, also suffers from
filtering problems.

The only reliable means of communication must use surface waves
or short-range sky waves.

Such communications can best be accomplished using the low-
frequency end of the HF band. For example, man-portable HF-SSB
transmitters are sometimes more useful than VHF sets, especially
in dense jungle or rugged terrain.

Although satellite terminals are becoming more common for some
naval fleets for long-range maritime communications, a significant
amount of traffic is still carried over HF and ship-to-shore
broadcast networks.

Communications within a strike group are mainly carried out by
HF ground wave.’

Coordination with aircraft at long ranges still plays an important
role for HF skywave.*

Artificial neural networks are models for information processing
that are built by imitating biological neural networks such as the
human brain.

! Coleman, C. J. (2002).

2 pederick, L. H., & Cervera, M. A. (2016).

3 Lutsenko, V. I., Lutsenko, I. V., Sobolyak, A. V., Popov, I. V.,
Ahn, N. X., & Luo, Y. (2020).

4 Holma, H., Heikkinen, S., Lehtinen, O. A., & Toskala, A. (2000).

These networks are made up of a large number of neurons with
strong internal connections that work together to solve specific
problems.

Humans have long sought to understand the biophysiology of the
brain, as the question of human intelligence and the brain's ability
to learn, generalize, be creative, flexible, and parallel processing
has always been of interest to humans, and the application of these
capabilities to machines has been highly desirable.

Algorithmic methods are not suitable for implementing these
features in machines.As a result, methods should be based on the
same biological models.

ANNSs learn using examples, just like humans. Today, neural
networks are used in various applications such as pattern
recognition problems, which themselves include problems such as
line recognition, speech recognition, and image processing, as well
as problems of acquisition, function approximation, control, or
modeling of systems that have unknown or very complex internal
structures. For example, an ANN can be used to control a motor, in
which case the neural network will learn the control function itself.

The main advantage of using a neural network in any of the above
problems is the neural network's extraordinary ability to learn and
also the neural network's resilience to small input disturbances.

For example, if we use conventional methods to recognize a
person's handwriting, it is possible that due to a slight hand tremor,
these methods will lead to an incorrect diagnosis,® while a properly
trained neural network will reach the correct answer even in the
presence of such a disturbance.®

Among the uses of artificial neural networks is in modeling
nonlinear systems and networks in the living environment.
Therefore, previous works have seen applications such as
classification models and predictive models.”

However, the use of artificial neural networks in military devices, -
* and HF and military communication devices, is a significant
challenge that has not been seen in previous works. In this regard,®
this article has attempted to introduce and simulate two models
based on classification and situation prediction using MLP neural
networks for the automatic link generation device in order to build
and localize this device.®

2. Classification model using required

tools
In this case, no coding knowledge is required and a simple space is
specified that can handle the data.In this case, the nnstart code is
first typed in the required command window section, then the
Pattern recognition app option is selected in the neural network
start window.

In the select data section, the Excel files prepared from the
variables between the two hypothetical states are used.Here, it is
necessary for the target section to group the entries as zeros and
ones as follows:

5 Koski, E., Chen, S., Pudlewski, S., & Melodia, T. (2012,
® Suriano, D., & Prato, M. (2023)

" Suriano, D., & Prato, M. (2023)

8 MASLIN, Nicholas. HF communications. Pitman, 1987.
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Figure (1) Grouping outputs (selecting channels) in an Excel file
which only one channel is selected in each sample, which is

As can be seen from the figure above, six rows are considered for distinguished by the number 1.

six different frequency channels. The number of samples is 104, in
The input data is also classified as follows:
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Figure (2) Grouping of entries for a city in an Excel file
absence of clouds, thunder and lightning, sunspots, and presence

It is clear from the figure above that the number of variables - .
and absence of crisis conditions.

considered is 15 and the number of samples is 104. The variables
include longitude and latitude, distance to the origin, altitude, The figure below shows a visual representation of the data with the
month, season, hour, temperature, humidity, S, N R, presence and variables:
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Figure (3) Grouping of entries for a city next to the names of the variables used

As can be seen from the figure above, more variables can be
considered for the origin and destination cities.

It is also clear that several variables are constant for a city, such as
longitude and latitude, altitude, and distance between origin and
destination. Variables that have a constant number can be omitted,
or input with a feedback loop that specifies only the city name. As
a result, these variables can be ignored.

Using tools requires this advantage that there is no need to
normalize the inputs for network learning and it can classify the
outputs without normalizing the inputs. The modeling process was
carried out by the required program and the results were as
follows:

- In the first test, 10 neurons were used in the hidden layer of the
network and 6 neurons were used for classification in the output
layer for classification. The results are as follows:
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The confusion matrix shows the results of the classification based
on the available real data.

Now, based on these values, various criteria for evaluating the
classification and measuring the accuracy can be defined.

As is clear from the shape of the confusion results, after several
loadings of the network, the best answer is 45% accurate and there
is 55% error.

This amount of error is too large and the network will not be
usable. The results of the Receiver Operating Characteristics
(ROC) curve are a graph that is calculated to show the evaluation
capability of a binary classification system whose detection
threshold is also variable.

©  Window

Crmort = 0. 067289, ot epoch 34

Vasdamion Chocks = 6 = epoch 34

In these graphs, the classes identified by the colored lines are
closer to the point on the left and top of the graph, the higher the
accuracy. As the shape of the ROC results is clear, the classes are
close to 0.75 at best, which is not an acceptable result.

- One of the limitations of the tools required for neural networks is
the number of hidden layers, which cannot be adjusted.

However, the number of neurons in each layer can be increased.
By increasing the number of neurons in a layer, the error rate can
be greatly reduced.

After several continuous simulations, and considering 1000
neurons in a layer, the results are as follows:

Best Validation Performance is 12340 at epoch 28

Tamt ROC

[ JF

L4

Figure (5) The designed network based on 1000 neurons in the hidden layer and a summary of its results.
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Figure (6) Results of the matrix of the scattering per 1000 neurons.
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Figure (7) ROC results per 1000 neurons

As can be seen from the figures above, and compared to the
previous simulation, increasing the number of neurons by a factor
of 100 significantly reduced the error rate and increased the
accuracy of the network by 75% for all data. However, increasing
the number of neurons by more than 1000 did not have a
significant effect or improvement in the accuracy of the network.

As a result, the use of the required tools for modeling the ALE
automatic link generation device is not very responsive.

But as is clear, in this case, that is, using the required program
tools, there is a limit to the number of layers for designing a neural
network.

That is, only one hidden layer can be used. In the previous
experiment, 1000 neurons were required in one layer for a
noticeable reduction in error.

As a result, the required program tools are used only for simple
classifications, and for designs with more than 3 classes, a higher
number of hidden layers are needed. After complete coding, the
final proposed design was used.

The recommended model codes for the ALE device are as follows:

3. First proposed design and its results

Figure (8) Output results from the first proposed design
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In this design, the matrix p is the percentage of the initial inputs,
the matrix t is the percentage of the outputs over the inputs of the
matrix p.

The matrix p is the percentage of the initial inputs, and the matrix
tte is the percentage of the outputs over the inputs of the matrix p.

In this design, 70% of the inputs are used to train the network and
30% of the inputs are used to test the network.

This test section is the same as the target section, which is divided
into two sections: test and validation. A matrix is defined as y that
predicts the output for a new input. For this design, three hidden
layers are formed, which have 5, 11, and 5 neurons, respectively. It
is noted that if the input data is not normalized, a large number of
neurons and hidden layers and

also high eoch points are required.

As a result, to reduce the cost and increase the speed of the
network, the data is normalized. The normalization process is such
that in each column of the samples, the data is divided into the
largest number of columns.

As a result, the total data is between the two numbers 0 and 1.

The outputs are also in the same way. The results obtained from
this design are as follows.

Best Tramming Performance is 0 065681 a2 epoch 1-

Moan Suared Evor (mis)

Outpu == 090 Target + 0079
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As can be seen from the figure, for a few epochs, the network 4. Second Proposed DeS'Qn and
converges to the inputs. For a new input that was not present in the Evaluation of Its Results

previous inputs, an output of yy=0.5204 is predicted. Considering
that six channels are considered, they are normalized as 1 to 6, i.e.
0.834, 0.667, 0.5, 0.167, and 1, resulting in an output number of
0.5204 for channel 3.

In the first design, an attempt has been made to introduce a simple
model for the ALE automatic link generation device using an MLP
neural network.For two layers, each layer having three neurons,
after several simulations, the best response is as follows:
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Figure (9) Results from thve>second proposed design

Better results have been obtained with two hidden layers with the The following figure shows a summary of these results.
number of neurons of 3 and 5, respectively.
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In order to evaluate the performance of the network, the regression
results and the RMSE and MSE values have been examined. The
main task of the regression algorithm here is to find a line that has
the best position with respect to the points.

The best position is the line that has the least distance to all the
points.

In other words, the best position is the lowest RMSE.

Training: R=0.99996

QOutput ~=1"Target +0.00014

Target

Test: R=-0.53891

QOutput ~=-0.83'Target +1.3

Target

Figure (11) Regression results

In the form of regression results, these graphs show y as the vector
of equations between the predicted value and the target value,
where the output is the dependent variable and the target is the
independent variable.

These equations can be used to show the level of capability of the
MLP network.

The Target coefficient shows the correlation between the output
and the targets, so for a good MLP performance it should be as
close to unity as possible.

The second term, which is a constant, is the error or residual that
must be added to the scaled target to bring it as close as possible to
the predicted output, ideally it should be zero or as small as
possible. The heading indicates the regression coefficient between
the target and the output.

In the figure above, the lines indicate the prediction of the most
proposed network with inputs from the city of Tashkent.

That is, the overall behavior of an automatic link generator is
approximated by this line and an output is predicted for a new
input. In order to accurately estimate this line, the MSE and RMSE
values should be very low, which are minimized based on the
proposed model. Of course, it should be noted that for this design,
all data have been normalized due to the data values that differ
greatly from each other. In this way, all the data is divided into the
largest number of samples and placed. In this case, the design
accuracy of the network between 1 and 0 of the total data increases.

5. Conclusion
This article deals with the implementation of the proposed model
for the ALE device. Two models are introduced using RPM and
MLP neural networks.

Also, the MSE is the mean, the network MSE and RMSE are the
sum of the squared errors.

The more accurate the values are, the more accurate we are.

According to the figure above, the values are acceptable and
indicate the accuracy of the proposed model. It is also clear from
the target graph that the output results are matched to the target
data with high accuracy.

Validation: R=0.48206

Output == 0.43‘Target + -0.58

2
Target

All: R=0.92738

Qutput == 1*Target + 0,12

Target

First, an attempt has been made to classify the outputs without
coding using the tools plugin or the required program.

Then, the modeling of the ALE device using the MLP neural
network has been introduced.
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