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In the dynamic point-to-point communication, to track and aim at antenna fast and accurately is the guarantee of high quality
communication signal. In order to solve the problem of antenna alignment, we used the least square method (LSM) to fit the
optimal level signal value (LSV) point which is based on coordinate coarse tracking alignment and matrix scanning strategy
to find the LSV in this paper. Antenna is driven by two-dimensional turntable (azimuth and elevation angle (AE)): the two-
dimensional turntable is decomposed into two independent one-dimensional turntables, and the LSV in AE direction are obtained
by scanning, respectively. The optimal LSV point of two-dimensional turntable can be find by combing optimal LSV point of two
independent one-dimensional turntables.Themethod has the advantages of high precision and easy implementation and canmeet
the requirement of fast and accurately alignment in dynamic point-to-point communication antenna engineering.

1. Introduction

Directional antennas are commonly used for point-to-point
communication in microwaves to reduce transmission and
receiving power.The basic principle of alignment is that both
stations can receive and transmit microwave signal. However,
it is difficult to align the communication antenna at a long
distance with the narrow beam angle of antenna, especially
when there is relative motion at both stations. At present,
the coordinate tracking control method (TCM)[1, 2] and the
signal TCM [3, 4] (extreme tracking control) are mostly used
to control the directional antenna alignment. Literature [5]
proposed a joint two TCM, the antenna was controlled by
the coordinate trackingmethod to reach the coarse alignment
quickly, then the signal TCMwas used to control the antenna
to reach the beamfine alignment, and the antenna adjustment
range is only within the main lobe of beam with using the
signal TCM. In other words, it is only necessary to search
for the maximum LSV within the coarse alignment errors
range. However, due to noise and interference, these will
result in the power value of the antenna alignment that may
be less than the measurement power value of misalignment
[6].Therefore, the best LSV point is obtained by a single scan

measurement thatmay be inaccurate.Thesewill result in poor
communication or even inability to establish communication
links. Because of the limitation of measuring time, a good
algorithm is needed to quickly realize the mutual alignment
of two pairs of antenna beam centers. In this paper, we used
the LSM [7] to fit the antenna optimal communication signal
point of two stations within the coarse alignment errors range
which is based on coordinate coarse tracking alignment and
matrix scanning strategy to find the LSV.

In this paper, the problem of antenna tracking and align-
ment is analyzed under the movement of directional antenna
for two stations; the solution and implementation scheme
are proposed.The engineering method of antenna alignment
is based on the known geographic latitude and longitude of
both stations of communication, which is instructive for engi-
neering realization of microwave communication antenna
alignment.

2. Processing Parameters

2.1. Azimuth, Pitch Angle, and Distance Calculation. Both
sides of the communication (two stations) obtain the local
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Figure 1: Matrix scan for finding the optimal LSV.

longitude, latitude, and altitude data throughGPS [8] devices.
In order to facilitate the calculation and control of antenna
tracking alignment angle, the AE of the antenna pointing to
the other antenna should be calculated [9, 10] through GPS
data. The AE of the antenna are measured by a local station
angle sensor [11].

2.2. Matrix Scan and Find the Optimal LSV. The matrix
scan is shown in Figure 1(b). The vertical line represents the
search direction of elevation which is indicated by the solid
black line. The horizontal represents the search direction
of azimuth which is indicated by dotted line. The arrows
represent the scan order. Point A shows the position of the
coarse alignment in Figure 1(b). Figure 1(a) shows how to find
the optimal LSV. If the LSV is not found at point A. We need
to do a matrix scan until find the LSV and then set this point
as pointA. If the level signal value is found at pointA, amatrix
scan starts from point A and finds all the value of level signal
test points. According to the schematic diagram of Figure 1,
the scan angle of AE is two times of the antenna 3db beam

angle which taking point A as the origin, respectively. Point
B is the end point. If so, we can fit the all test points to find
the maximum value of the level signal by LSM.

2.3. LSVTrackingDetection. Know the latitude and longitude
of both stations communication platform, use the coordinate
TCM for coarse alignment of the antenna, and then use
the signal tracking method for high-precision secondary
alignment, designers generally to monitor the strength of the
receive signal by detecting the amplitude of the intermediate
frequency signal. In this paper, the microwave signal theory
to measure the strength of the receive LSV is written in Friis
[12, 13] Equation in the following form:

𝑝 (𝑡) = 𝑝
𝑇
𝑔
𝑇
(𝑡) 𝑔
𝑅
(𝑡) ( 𝜆4𝜋𝑑

𝑠

)2 1𝜌 (1)

In (1), 𝑝
𝑇
for transmit power, 𝑔

𝑇
(𝑡) is transmit antenna

gain, 𝑔
𝑅
(𝑡) is receive antenna gain, 𝜌 is antenna power loss;𝑑

𝑠
is the communication distance between two stations; 𝜆 is

the electromagnetic wavelength.
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It can be known from (1) that the antenna gains will
change, because of the different alignment angles of both
stations. Substituting all parameters into (1), then calculate
the receive power at both stations. From (1), it can be conclud-
ed that if the two antennas are aligned in a straight line, the
SLV will be larger. Due to the existence of noise and inter-
ference, it is difficult to find out that the actual receive LSV
is close to the theoretical LSV. Therefore, our paper proposes
using the LSM to fit these receiving LSV points that get the
optimal LSV point.

3. Analysis and Simulation

The LSM is a form of mathematical regression analysis that
finds the line of optimal fit for a dataset, providing a visual
demonstration of the relationship between the data points.
Weused the LSMfitting large amounts of data points by linear
polynomial in the paper in which the method has proved
that the distance errors between the fitted curve and the
data point are the smallest [14]. In the process of point-to-
point communication, to track and aim at antenna fast and
accurately is the precondition of high quality communication
signal.Therewill be big errors in the coarse alignment.There-
fore, fine alignment is needed. It is only necessary to search
the AE for the “power maximum” in the errors range of the
coarse alignment. But the problem is that there are noise and
interference, so the maximum power of any measurement
has a certain errors. The feasible solution is to increase the
number of measurements in the same angle of the antenna,
and average these measurements. The measurement errors
are linearly reduced with the increase of the square root of
the measurement time. In this paper, the LSV in AE direction
are obtained by scanning, respectively.Theoptimal LSVpoint
of two-dimensional can be found by combing optimal LSV
point of two independent one-dimensional turntables. Rotate
the antenna to the optimal LSV point of AE, this point is the
best communication location. The premise of the algorithm
is that the measurement errors is Gaussian distribution [15];
it is clear that the actual communication noise is to meet
the requirements. One of the advantages of LSM is that
there is no requirement for the variance of measurement
errors and measurement the uniformity of the coordinates.
The algorithm can make full use of all measurement point
information to fit the optimal LSV point.

Defining the alignment center of antenna as the optimal
LSV point, the LSV can be expressed as a polynomial:

𝑝 (𝛼, 𝛽, 𝑛) = −𝐴𝑟2 + 𝑝max + 𝑁𝑛 (2)

𝛼, 𝛽 indicate the AE errors in the case of antenna align-
ment, respectively. 𝑛 represents the number ofmeasurements.𝐴 is the power drop coefficient, 𝑟 is the “distance” of AE
errors, 𝑟 = √𝛼2 + 𝛽2, 𝑝max indicates the receive power, and𝑁
𝑛
represents the measurement errors. Equation (2) shows

that the measured LSV is maximum with the antenna align-
ment completely.

Equation (2) represents the optimal LSV of two-dimen-
sional turntable. The two-dimensional turntables can be

decomposed into two independent one-dimensional turnta-
bles. Equation (2) rewrites

𝑝 (𝑥, 𝑛) = −𝐴𝑥𝑥2 + 𝑝𝑥 max + 𝑁𝑛 (3)𝑥 represents AE in (3); it represents the coefficient of the
x-coordinate.

If alignment center the antenna is in the position of 𝑥 = 𝑏,𝑏 is a constant and (3) can be written as

𝑝 (𝑥, 𝑛) = −𝐴𝑥 (𝑥 − 𝑥𝑐𝑒𝑛𝑡𝑒𝑟)2 + 𝑝𝑥 max + 𝑁𝑛 (4)

According to the conventional polynomial, (4) can be
expressed as 𝑦 = 𝑎

2
𝑥2 + 𝑎

1
𝑥 + 𝑎
0

(5)

So we need to solve the value of a
2
/ a
1
/ a
0
, which accord-

ing to (5) can solve the center coordinates value of (4):

𝑥
𝑐𝑒𝑛𝑡𝑒𝑟

= − 𝑎12𝑎
2

(6)

According to the LSM principle𝐴𝑥 = 𝑏 (7)

Here 𝐴 is an𝑚 × 𝑛matrix.
According to (7)

𝐴𝑇𝐴𝑥 = 𝐴𝑇𝑏 (8)

Equation (8) has a unique solution:

𝑥 = (𝐴𝑇𝐴)−1 𝐴𝑇𝑏 (9)

According to the multiple measured values of 𝑥 and 𝑦 and (5)
the following equations can be derived:

𝑎
2
𝑥
1

2 + 𝑎
1
𝑥
1
+ 𝑎
0
= 𝑦
1𝑎
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𝑥
2
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𝑥
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+ 𝑎
0
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𝑥
𝑛

2 + 𝑎
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𝑥
𝑛
+ 𝑎
0
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𝑛

(10)

As a solution to the overdetermined equation of (10), calculate
the values of 𝑎, 𝑎

1
, 𝑎
2
by (9). The value of 𝑎, 𝑎

1
, 𝑎
2
can be

written as

[[[
𝑎
0𝑎
1𝑎
2

]]] = (VTV)−1 VT𝑢
= ([[[[

1 ⋅ ⋅ ⋅ 1𝑥
1
⋅ ⋅ ⋅ 𝑥

𝑛𝑥
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𝑛
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]]]]
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1
𝑥
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−1



4 Mathematical Problems in Engineering

−3 −2 −1 0 1 2 3

−200

−150

−100

−50

0

Le
ve

l s
in

ga
l v

al
ue

Azimuth angle (∘)

Figure 2: Fitting diagram of theoretical and noise measurement
value.

⋅ [[[[
1 ⋅ ⋅ ⋅ 1𝑥
1
⋅ ⋅ ⋅ 𝑥

𝑛𝑥12 ⋅ ⋅ ⋅ 𝑥𝑛2
]]]]
[[[
𝑦1⋅ ⋅ ⋅𝑦
𝑛

]]]
= ([[[[

𝑛 ∑𝑥i ∑𝑥i2∑𝑥i ∑𝑥i2 ∑𝑥i3∑𝑥i2 ∑𝑥i3 ∑𝑥i4
]]]])
−1 [[[[

∑𝑦i∑ xi𝑦i∑ xi
2𝑦i
]]]]

(11)

In this paper, the AE direction is scanned within a certain
errors range, respectively, fitting the optimal LSV of AE by
LSM. Figure 2 shows the simulation result of theoretical
measurement with noise and interference in azimuth angle.
Elevation angle measurement is similar with azimuth angle,
so this article will not repeat the simulation of elevation
direction.

The theoretical center value of the antenna is set to 1deg
in Figure 2. Simulation results of LSV by curve fitting of LSM
are shown in Figure 2. As we can see from Figure 2, the
green dots indicate the LSV of antenna scanning point, the
blue dots represent the LSV points of correction by fitting,
and the red curve is obtained by fitting of LSM. Through the
simulation analysis, an interesting feature seen in Figure 2, it
is found that the maximum value of the curve fitting is always
around the abscissa of 1deg. The LSV reaches the maximum
on the ordinate, approximately -45.85dbm. The fitted value
is 1.0135deg, which is very close to the theoretical center
value 1deg. According to our simulation results, the optimal
alignment point of antennas of both stations can be realized
by curve fitting of LSM.

However, there may be some coincidence that one or
several times optimal values are close to theoretical value by
fitting of LSM. Therefore, our paper analyzed the value that
the optimal points of 20 times and then compared these
values with theoretical value.The light blue line is angle of the
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Figure 3: Analysis of actualmeasurements and theoreticalmeasure-
ments after multiple measurements.

theoretical center value of the antenna, and the 20 red dots are
the different optimal value by multiplex fitting of LSM in Fig-
ure 3. As shown in Figure 3 it is found that the fitted value and
the theoretical center value are always relatively close, and it
can be seen from Figure 3 that the fitted dots always fluctuate
slightly around the theoretical value center 1deg, although
there are noise and interference. The simulation result shows
that it is very reliable method to obtain the optimal value by
fitting of LSM.

4. Conclusion

Because of the noise and interference in the dynamic point-
to-point communication it is difficult to align the commu-
nication antenna at a long distance with the narrow beam
angle of antenna. In this paper, amethod based on coordinate
tracking coarse alignment and matrix scanning to find the
level is proposed; the LSM fitting is used to find the optimal
LSV. Antenna is driven by two-dimensional turntable; the
two-dimensional turntable is decomposed into two indepen-
dent one-dimensional turntables, and the optimal LSV of
AE direction is obtained, respectively. The simulation result
shows that obtaining the optimal value by fitting of LSM is
very reliable method.Themethod of LSMfitting canmeet the
requirement of fast alignment in antenna automatic tracking
when two stations are stationary or in fast motion.
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