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Abstract: Line-of-sight clarity and assurance are essential because they are
considered the golden rule in wireless network planning, allowing the direct
propagation path to connect the transmitter and receiver and retain the
strength of the signal to be received. Despite the increasing literature on
the line of sight with different scenarios, no comprehensive study focuses
on the multiplicity of parameters and basic concepts that must be taken
into account when studying such a topic as it affects the results and their
accuracy. Therefore, this research aims to find limited values that ensure that
the signal reaches the future efficiently and enhances the accuracy of these
values’ results. We have designed MATLAB simulation and programming
programs by Visual Basic .NET for a semi-realistic communication system.
It includes all the basic parameters of this system, taking into account the
environment’s diversity and the characteristics of the obstacle between the
transmitting station and the receiving station. Then we verified the correctness
of the system’s work. Moreover, we begin by analyzing and studying multiple
and branching cases to achieve the goal. We get several values from the results,
which are finite values, which are a useful reference for engineers and designers
of wireless networks.

Keywords: Line of sight; obstacle margin; wireless networks; communication
link; radio wave propagation

1 Introduction

The process of having an unobstructed line of sight (LOS) between the transmitter antenna and
the receiving antenna between them is a fundamental basis for designing the RF link. The direct path
of the electromagnetic waves between the transmitter and receiver is called the LOS propagation path.
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This explicit path is the communication link of radio frequency (RF), and at the same time, it contains
the bulk of the received signal in the receiving antenna [1-3]. It must meet the condition that there are
no obstacles or blocking the direct propagation path so that the signal level is not affected. Therefore,
it is typical for the propagation path to encounter physical elements (mountains, buildings, metal
structures, and other obstacles). Involves the signal level or signal interruption. Even water bodies
and the overlapping terrain surface influence the propagation path [4]. The phenomenon of the sum
of the phase angle and the amplitude of the electric fields, and if the sum of the wave waves reaches
zero, the signal is not received [5—8].

When designing the RF links and several analyzes and procedures implemented, one of the
necessary analyzes and calculations (free space loss, link budget, rain attenuation, multi-path fade,
fade margin, and Fresnel zones) is performed before fixation of the microwave link [9—13].

In recent years, there has been a fair amount of line-of-sight literature, for example, a prop-
agation prediction technique for predicting propagation mechanisms for fixed line-of-sight radio
links, remarkably proposed for rural environments. They report a short-term prevalence measurement
campaign that has been carried out in the Ankara region, Turkey. Field measurements were performed
at a frequency of 2.536 GHz for three months in summer 2015. It notes that the difference between
the measurement data and the expected average received power is less than the standard deviation
value provided in Recommendation ITU-R P. 1546. And [14], it has been observed that the state of
LOS influences the atmospheric factor, causing a critical signal loss. The different propagation loss
mechanisms are also briefly described on the Link Balancing Tool (LBT). It can determine the effect of
signal loss and expected performance according to the distances between link propagation conditions
based on many system parameters.

From the above, it is clear that the signal strength and attenuation are greatly influenced by the
nominal range or the distance between the transmitters. From this standpoint, the research aims to
analyze and study the most critical factors that affect the line of sight. It is the effect of the obstacle
margin and its impact, finding solutions, and knowing the characteristics of the signal when it is
present in several forms, considering the parameters and communication link through the design
and simulation [15-20]. All these parameters (more than nineteen transactions and obtain ten results)
design, develop, manipulate, or predict the signal’s behavior in multiple frameworks for environmental
conditions to achieve accurate results that enhance the importance of this research.

The remainder of the article is structured. In Section 2, we explain the proposed system model.
Implementation and simulation are provided in Section 3. Results analysis and discussion are provided
in Section 4, and finally, we conclude the article in Section 5.

2 System Model

Suppose a system model has four core parts are analyses of the relationship between occlusion
and antenna heights, analysis of the relationship between the length of the antennas, analysis of the
effect of building loss on margin, and a multi-track margin and fades analysis.

The first part is focusing on analyses the relationships between occlusion height and antenna
heights for the diagnosis of three cases; the obstacle height is smaller than the antennas, the obstacle
height is equal to that of each antenna, and the obstacle height is equal to the length of one of the
antennas and the other antenna is smaller or the obstacle is greater than the two of them.

The second part provides an analysis of the relationship between the length of the first antenna
and the second antenna with the value of the margin. The third part introduces the effect of building
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loss on margin for diagnosing two situations; the length of the obstacle is changed and building loss
20 and 10 dB. The fourth part provides a multi-track margin and fades analysis of third cases; Free-
Space-Path loss, values calculated for the three links (900 MHz, 2.4, and 5.8 GHz), the minimum
signal-to-noise ratio required to satisfy data rates of Binary Phase-shift keying (BPSK), Quadrature
Phase Shift Keying (QPSK), and Quadrature Amplitude Modulation (QAM) (BPSK 1/2, BPSK 3/4,
QPSK 1/2, QPSK 3/4, QPSK 3/4, 16-QAM 1/2, 16-QAM 3/4, 64-QAM 2/3, 64-QAM 3/4), and the
data rates vs. estimated maximum distance.

The communication system model has been designed, implemented, and simulated using a self-
developed program and simulation software. They consist of the main parameters for developing a
communication system, consisting of two main parts (values and variables for receivers, transmitters,
deals, and variables related to the surrounding environment, etc.), to achieve accurate results that
enhance the importance of this research. Fig. | illustrates the general structure of the system model.
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Figure 1: The main components of the proposed system model

3 Implementation and Simulation

To calculate the radio wave propagation and evaluate the effect of obstacle margin on line-of-
sight and its effect on the efficiency of wireless communication, the self-developed software has been
developed using Visual Basic.net programming language. The simulated software has been developed
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using MATLAB environment. This section explains in detail the developed and simulation software.
Fig. 2 shows the core parameters of the developed software of the proposed system model.
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Figure 2: The core parameters of the developed software of the proposed system model

The developed software contains a control panel to set up the initial parameters that control
the spread of waves. It can be modified to reach the desired result to ensure the quality of the
transmission and reception of the communication system. The components of the proposed model
of the communication system can be categorized into three main parts as follow:

- Parameters of the receiver and transmitter devices.
- Parameters related to the surrounding environment.
- Parameters for calculation of the propagation results.

The following subsections explain in detail all these parts.

3.1 Parameters of the Receiver and Transmitter Devices

This subsection explains the parameters for values and variables of receiver and transmitter
devices as shown in Tab. 1.
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3.2 Parameters Related to the Surrounding Environment

This subsection explains the parameters for values and variables related to the surrounding

environment are shown in Tab. 2.

Table 1: Parameters for values and variables for receiver and transmitter devices

Parameter (symbol) [measuring unit]

Description

Temperature (7') [K]
Carrier frequency (f.) [Hz]
Transmitter antenna gain (G;) [dBi]

Transmitter power (P;) [dBw]

Receiver antenna gain (Gy) [dBi]

Receiver noise figure (NF) [dB]

Rx required detector signal to noise (S/N)
(S/NRx(required)) [dB]

Receiver sensitivity

(RX powermin)) [dBm]

Signal bandwidth (BW)
[Hz]

Transmitter to obstruction distance (d;) [m]

Obstruction to receiver distance (d,) [m]

The temperature is used for calculating the
thermal noise generated at the receiver.

The frequency of the radio wave being
transmitted.

The gain of the transmitter’s antenna in dBi
(relative to an isotropic antenna).

The RF power transmitted by the antenna (after
transmitter to the antenna cable losses have been
allowed for).

The gain of the receiver’s antenna in dBi (relative
to an isotropic antenna).

The amount by which the receiver noise
(equivalent noise referred to the antenna input)
exceeds the noise that would be generated by
thermal noise in an otherwise noise-free receiver.
This is the signal-to-noise ratio required for a
specified performance level (e.g., bit error rate).
Is a calculated result rather than an input term,
is the minimum power required at the receiver
input.

The effective bandwidth for the overall baseband
signal transmission path, normally dominated
by the receiver filter bandwidth.

This distance is measured between the
transmitter location and obstruction location
points as projected onto the baseline.

This distance is measured between the
obstruction location and receiver location points
as projected onto the baseline.

(Continued)
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Table 1: Continued

Parameter (symbol) [measuring unit]

Description

Input intercept (input intercept) [dB]

Path loss at nominal range (L) [dB]
Transmitter antenna height (4,) [m]
Receiver antenna height (/,) [m]

Obstruction height (/) [m]
Obstruction radius (/) [m]

The intercept point is an extrapolated fictitious
level of signals producing intermodulation and
the intermodulation to the level where all are
equal.

The total loss of the signal between the Tx and
Rx antennas.

The Height of the transmitting antenna is above
sea level.

The Height of the receiving antenna is above sea
level.

The Height of the obstruction is above sea level.
The radius of the obstruction.

Table 2: Parameters for values and variables related to the surrounding environment

Parameter (symbol) [measuring unit]

Description

Nominal range (d\..) [dB]

Fading margin (F.g,) [dB]

Building loss (L,) [dB]
Diffraction loss (L,) [dB]

Propagation range law (P range law) [unitless]

This is the range that is required between the
transmitter and receiver.

Fading occurs when wave interference occurs at
the receiver as a result of transmitted waves
having traveled via different paths.

This is a loss factor included in the attenuation
factors taken into account in the signal path.
This loss is caused by the type of obstruction
which causes different diffractions for the signal.
Radio waves travel in free space according to an
inverse square law.

3.3 Parameters for the Calculation the Propagation Results

This subsection presents the parameters required as inputs for calculation of the propagation
results of the proposed telecommunications system as shown in Tab. 3.

Table 3: Parameters for calculation the propagation results

Calculate the propagation results

Wavelength [m]
Thermal noise at Rx i/p [w]
Thermal noise at Rx i/p [dBw]

Path loss at nominal range [dB]
Receiver power [w]
Receiver power [dBm]

(Continued)
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Table 3: Continued
Calculate the propagation results

Thermal noise Rx noise [w] First Fresnel Ry, [m]
Thermal noise Rx noise [dBw] Margin at nominal range [dB]

Calculate the diffraction results

First option Second option
Rough Hill Smooth Hill

Fig. 3 illustrates the core parameters for the calculation of the propagation results of the proposed
telecommunications system.
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Figure 3: The core parameters for calculation of the propagation results of the proposed system

The multiplication of results values in the program proves the accuracy of the results and the size
of the program. Also, the values of the program inputs to design a communication link enhance the
size and quality of the wireless communication link to be designed [21-23].

Here we can say the main rule when determining that the communication link is sufficient to
transmit data under perfect conditions if the resigned power is enormous about the receiver sensitivity.
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4 Results and Discussion

The obstacle of the proposed system and the simulation software represents a mountain, a
building, or a house, etc. Assuming an isotropic antenna (the gain is zero) and the rest of the parameters
and their related values are built into the developed software of the proposed communication system
are shown in Tab. 4.

Table 4: Parameters and their related values as built into simulation software

Parameter Value

2.45 GHz Carrier frequency
1 MHz Signal bandwidth
6 dB Rx noise fig

20 Fading margin
0dB Building loss

290 K Temperature

2 Propagation law
—10dB Tx Power

The parameters values shown in Tab. 4 above are assumed in the following three cases:

- In the first case, we think that the height of the obstacle is smaller than the two antennas.

- In the second case, we assume that the height of the barrier is equal to the lengths of the two
antennas.

- In the third case, we believe that the obstacle height is similar to the length of one of the
antennas, and the other antenna is smaller, or the obstacle is more significant than the two
of them.

4.1 Case 1: The Obstacle Height is Smaller than the Antennas

Assuming that the nominal range is 100 m, the noise figure of the receiver equals 6 dB and the
length of both antennas is the same and longer than the length of the obstacle as follows:

- Nominal range: d,,,, = 100 m.

- Noise figure: NF=6 dB.

- Transmitting antenna height: #, =2 m.
- Receiving antenna height: 4, =2 m.

- Obstacle height: 4, =1 m.

The location of the obstacle has been changed and the provided results are shown in Tab. 5.

Table 5: Results when the location of the obstacle is changed and (h1 =h2) > ho

Tx Rx Result

Obstruction distance (m) Obstruction distance (m) Margin at Nom. range
17.914 50 50

18.002 60 40

(Continued)
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Table 5: Continued

Tx Rx Result

Obstruction distance (m) Obstruction distance (m) Margin at Nom. range
18.28 70 30

18.78 80 20

18.9 90 10

16.66 95 5

17.755 99 1

At the nominal range, the value of the margin changes by the location of the obstacle (only if
it is length is smaller than the length of the antenna), and it is independent of the smoothness of
the obstacle (soft or rough), so it gives the same results for the soft or rough obstacle. The highest
value for the margin is obtained at (Tx, Rx) = (20, 80) or (80, 20). As we see, there is no difference
whether the distance 20 m is between the obstacle and the transmitter or between the obstacle and the
receiver. Both give the same results for the margin. Also, we note that when the obstacle approaches
the sending or receiving antennas, the values of the margin swing up and fall back at (Tx, Rx) = (1,
99). Still, practically this is unviable because no obstacle can be placed in this arrangement.

4.2 Case 2: The Obstacle Height is Equal to that of Each Antenna
Assuming the previous initial conditions for casel but this time the height of the obstacle is the
same as the antennas as follows:

- Nominal range: d,,,, = 100 m.

- Noise figure: NF=6 dB.

- Transmitting antenna height: #, =2 m.
- Receiving antenna height: 4, =2 m.

- Obstacle height: 4, =2 m.

The location of the obstacle has been changed and the provided results are shown in Tab. 6.

Table 6: Results when the location of the obstacle is changed and (hl =h2=ho=2m)

Tx Rx Result
Obstruction distance (m) Obstruction distance (m) Margin at nom. range
50 50 11.7257
40 60 11.7257
30 70 11.7257
11.7257

From the results shown in Tab. 6 above, we conclude that the value of the margin did not change
with the obstacle’s location. It remained constant because the height of both the antennae and the
barrier is equal. The obstacle width does not affect the margin because the obstacle height is similar
or smaller than the antenna. Again, in this case, the margin value is independent of the obstacle’s
smoothness, soft or rough, so it gives the same results for a smooth or rough barrier.
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4.3 Case 3: The Obstacle Height is Equal to the Length of One of the Antennas and the Other Antenna
is Smaller or the Obstacle is Greater Than the Two of Them

Assuming the initial conditions for casel but this time the obstacle height is equal to the length of
one of the antennas and the other antenna is smaller, or the obstacle is greater than the two of them
as follows:

- Nominal range: d,,,, = 100 m.

- Noise figure: NF=6 dB.

- Transmitting antenna height: #, =2 m.

- Receiving antenna height: ;,=1m or 4, =2 m.
- Obstacle height: #,=2 m or h, =4 m.

The results of this case can be summarized as follows:

- A change in the location of the obstacle between the transmitter and receiver changes the value
of the margin.

- The margin value is dependent on the smoothness of the impediment to the soft or coarse
surface.

- The rough surface gives a more considerable margin than the smooth surface because the rough
surface can make several refractories and reflections.

- The margin is different from the width of the barrier (Radius), which is inversely proportional
to the width of the barrier.

4.4 The Relationship Between the Length of the First Antenna and the Second Antenna with the Value
of the Margin

Assuming that, the length of the transmitting antenna equals 2 meters, which is proven on the
whole experiment to study the length ratio of the receiving antenna, which will give the largest value
of the margin as shown in Tab. 7.

Table 7: Results of the margin assuming reception antenna height are constant changed =2 m

Height Tx Height Rx Gain dB
2 2 11.7257
4 2 17.913

6 2 17.75

8 2 18.431
10 2 17.913
12 2 17.46

14 2 17.77

Note that the most massive value of the margin is obtained when the ratio of the length of the first
antenna to the second antenna is equal to 8/2, and this means that the wavelength equals four.

4.5 Building Loss Effect on the Margin

The loss factor here includes attenuation coefficients taking into account the path of the signal. For
an unobstructed direct line of sight, the building loss factor can be set to zero. The loss of penetration
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from inside to outside the wall is measured. Reference [24] provides detailed maps of substantial
multi-story buildings, low-rise concrete construction, and building structures. Tab. & summarizes these
results.

Table 8: Building loss effect

Structural attenuation (dB)

Frequency (MHz) Multi-story Single-story Residential
E H E H E H
01 32 >80 10 >40 1 33
1 41 68 10 26 0 16
3 38 52 12 19 1 12
10 31 32 18 18 3 10
30 20 20 16 16 4 9
70 17 17 10 10 3 8
100 16 16 8 8 3 6
150 16 16 5 5 3 5
400 17 17 4 4 6 6

The sample of standard deviations varies in these surveys but is generally less than or equal to
10.3 dB as shown in Tab. 9.

Table 9: Fixed parameters for this case

Parameters Value Parameters Value
Nominal range 200 m NF 6 dB

G, = Gy dBi 4 BW le + 006 Hz.
Radius 0.05m S/N 16 dB

h,=h, 5m T 290 K

P, —10dB Input intercept 5dBm

F 2.45¢ + 009 Hz Poin 91.9772 dBm-
MF 20 dB

As the obtained results are shown in Tabs. 10 and 11 above, the results can be summarized as
follows:

- The more significant the building loss (L), the higher loss the signal will encounter.

- The more significant the L, the less energy received.

- The more significant the length of the obstacle, the less energy received.

- When L, was more massive, although the height of the barrier was less than the length of the
antenna, there was no reception of the transmitted energy.
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- When L, decreases to 10 dB, there is a decrease in the margin at nom. range by the same

amount.

- If the length of an antenna varies, we notice a slight decrease in the transmitted power.

Table 10: Results when the length of the obstacle is changed and building loss (Lb =20 dB)

L,=20dB
Length of the Max range Margin at nom. range P,
obstacle (m) (dB) (dB)
2 90.714 —6.86711 —98.884
4 83.3263 —7.60496 —99.5822
6 27.174 —17.3375 —109.22
8 11.3685 —24.9066 —116.598
10 6.54086 —29.7079 —121.209
12 4.40699 —33.1378 —124.49
14 3.22665 —35.8456 —126.966
16 2.48414 —38.1171 —129.047
18 1.97764 —40.0976 —130.838
20 1.61251 —41.8705 —132.24

Table 11: Results when the length of the obstacle is changed and building loss (Lb =10 dB)

L,=20dB
Length of the Max range Margin at nom. range P,
obstacle (m) (dB) (dB)
2 289.863 3.13289 —88.884
4 263.501 2.39504 —89.5822
6 85.9318 —7.33742 —-99.22
8 35.9503 —14.9066 —106.598
10 20.684 —19.7079 —111.209
12 13.9361 —23.1378 —114.49
14 10.2038 —25.8458 —116.966
16 7.85554 —28.1171 —119.047
18 6.25385 —30.0976 —120.838
20 5.09922 —31.8705 —122.24

4.6 Multipath and Fade Margin

It is also known that when the waves travel in different paths than the direct line-of-sight path,
which often causes the waves’ interference or causes the problem of vanishing when the different paths
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of the waves end with the exit of the phase angle and cancel each other. There are several solutions
to this problem; the most important of them (changing the antenna location or increasing the power
capacity), these and other solutions reduce multipath. The addition of the amount of wireless energy
that is radiated by the transmitter to overcome the fading margin phenomenon must be accurate.

To obtain the exact amount of fade margin for the wireless link, we will analyze several things,
which can be summarized in five arithmetic stages (Free-Space-Path loss (PLFSPL), Received Power,
Signal-to-Noise Ratio (SNR), Maximum Channel Noise, and Check Link Margin by Rayleigh’s
Fading Model). All of these stages (calculations) to find the required reliability of the link is to maintain
(20 dB) to (30 dB) from the fade margin at all times. Fig. 4 shows the Free-Space-Path loss (PLFSPL),
values calculated for the three links (900 MHz, 2.4, and 5.8 GHz).
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Figure 4: The values of free-space-path loss

The other losses in the radio system must be taken into account when designing the network and
calculating its budget. These losses are in the antenna cables and connectors, which were calculated
with units Transco’s integrated to use integrated antennas. It was a loss (0.25 dB) for each conductor
and a loss (0.25 dB) for every three meters of the station antenna type (LMR 400), which should be a
loss (0.75 dB) included for every three meters according to the manual and specifications for the cable
type and system design.

Tab. 12 shows the Rayleigh Fading model, which shows the relationship between the available
margin of correlation and the correlation of availability.

Table 12: The fading models for Rayleigh

Time availability (%) Frarein [AB]
90 8

99 18

99.9 28

99.99 38

99.999 48

An essential aspect of determining system reliability is the signal-to-noise ratio (SNR) of the
given modulation technique. It achieves a certain level of reliability in the receiving station error rate
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(BER) conditions. We find that there is always a comparison between data rates and distance. When
comparing, for example, between (64-QAM) and (BPSK), we find that (64-QAM) requires a more
excellent (SNR) ratio and it is, of course, considered more efficient compared to (BPSK) which requires
a ratio ( SNR) is lower, as it is more resistant to channel noise.

Therefore, calculations were made to know the minimum signal-to-noise ratio required to satisfy
data rates, as shown in Tab. 13.

Table 13: The minimum signal-to-noise ratio required to satisfy data rates

Modulation & Data transfer rates S/Ngyrequireay [dB]
encoding scheme [Mbps]

BPSK ,,, 6 8

BPSK ,, 9 9

QPSK ,, 12 11

QPSK ;4 18 13

16-QAM ,,, 24 16

16-QAM ., 36 20

64-QAM ,; 48 24

64-QAM ., 54 25

Since the radio received sensitivity varies according to the different modulation and data transfer
rates. Therefore, it is calculated with the determination of the estimated maximum distance (Dgy),
Receiver Sensitivity (Rxs), minimum received power (RX,oyermin), and maximum free-space path loss
(PLgsprvax))> @s shown in Tab. 14,

Table 14: The data rates vs. estimated maximum distance

Data transfer rate [Mbps]

6 9 12 18 24 36 48 54

Rx, [dBm] —90 —88 —86 —84 —82 —78 ~75 =72
RX povorimiy [dBM] =70 —68 —66 —64 —62 —58 —55  —52
PLyspr vtar) [AB] 141 139 137 135 133 129 126 123
Dy, [km] 46.14 3665 2911 2312 1837 1159 820 581

5 Conclusion

This work aims to analyze and study the effect of the obstacle on a line of sight. As indicated by
the results, the nominal range hurts the reception. With the large frequencies, the higher the barrier
is the lower the communication efficiency, and the lower the communication efficiency. In the middle
is the Link. This medium contains several factors such as rain, dust, and fog, forcing us to increase
the dwindling margin, i.e., increases the difference between the transmitted power and the minimum
power required to be sent. When the building loss decreases to 10 dB, there is a decrease in the margin
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at nom. range by the same amount. If the length of an antenna varies, we notice a slight reduction
in the transmitted power. Also, the signal-to-noise ratio has been determined for each of the different
data rates, and the maximum distance has been selected for the lowest receiving reception capacity.
The other results constitute a guide for designers of the wireless communication system concerning
point-to-point Link. The software program design is not the main subject of this research, as indicated
by this research title. Still, it is considered an auxiliary part, and we will develop the program in several
aspects, and it will be published as independent research.
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