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Abstract:

The Beidou satellite signal of Beidou navigation positioning system is constantly changing,
receiving signal processing before a priori information is not easy to judge the satellite signal.
Therefore, the choice of the received signal power inversion algorithm of interference
suppression effect is good under the condition of the environment. However, under a weak
interference signal, the power strength is similar to the navigation signal, terminal receiving
antenna sank in the position of jamming signal form zero with the navigation signal of zero in
the same. It can't be differentiated! Therefore, this paper adopts the idea of matrix
decomposition to extract the sub-matrix eigenvector values of interference and noise
respectively, and then the algorithm is optimized by the judgment processing of the matrix. At
the same time, the antenna adaptive interference power inversion method framework and
process are designed, and the code was written and simulated with MATLAB software. The
simulation results show that the optimization algorithm can eliminate the signal in the case of
strong interference and weak interference.
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L. INTRODUCTION
The global satellite navigation system has the characteristics of precise timing, high
positioning accuracy and strong real-time performance. Therefore, it is widely used in scientific
research, agriculture, military and other fields [1,2]. However, the satellite is far away from the
earth's surface, the signal transmission power is weak, at the same time, Human intentional or
unintentional interference is increasing day by day, which makes the navigation signal received
by the user segment poor and cannot be accurately positioned, Aiming at this situation, building
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a complete scheme of anti-jamming satellite signals the user segment, finding a method to
realize the high efficiency, low cost, strong stability, designing a even in the case of
electromagnetic interference environment is relatively poor, still can restrain interference,
capture navigation signal, normal precise positioning of anti-jamming product is very important
[3-5].

By analyzing the signal characteristics of Beidou navigation messages, the power inversion
algorithm based on multi-linear constrained minimum variance criterion to suppress the
interference signal was decided to us [6,7]. However, on the Power Inversion (PI) iterative
algorithm principle analysis, formula deduction, the traditional PI algorithm of strong
interference signal suppression effect was found obvious and the weak interference signal
suppression was found not good [8]. For this kind of situation, this paper presents a matrix
decomposition to extract noise interference of matrix and matrix method to the judgment
matrix, and thus made under the condition of weak interference of the signal by PI algorithm
can weaken the filter [9,10].

II. POWER IINVERSION ALGORITHM
PI algorithm is an easy to implement algorithm in adaptive anti-interference algorithm.
According to the LCMYV standard, for the purpose of obtain the minimum output power of the

array, the obtained power signal should be inverted and used as the error signal. Formula (1) is a

T

constraint condition, where s =[1,0,...,0]" is the direction vector of the desired signal [11].

{Mi" P, =[yof] (1)
st o’s=1

The idea of PI algorithm is to first acquire and suppress stronger signals, and then suppress
weaker signals. In other words, the algorithm suppresses both the navigation signal and the
interference signal, but the suppression effect is different. Therefore, when receiving different
signals from different azimuths, zero depression will be generated in the beam pattern.

The stronger the power intensity of the interference signal and the useful signal, the deeper
the zero trap formed on the beam forming diagram. Since the power intensity of the interference
signal in the Beidou satellite navigation system far exceeds the navigation signal, the zero
depression caused by the interference signal is deeper than other signals [12]. From another
perspective, the interference signals at the deeper trap have been suppressed, that is, the s/n ratio
at the output of the navigation receiver has been improved.

PI algorithm based on uniform linear array is also a simple structure of spatial filter, as
shown in Fig 1 [13].

The input vector of the M elements in the graph is X;,X,,",X;,, which means that each time
can capture useful signals. Assume that:

X=[xl,x2,~-,xM]T=a(¢9,gp)-s (2)
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Fig 1: Power inversion matrix diagram
Where: a(9,¢) is the manipulating vector of antenna array elements (guide vector), s is the

vector of the incoming signal (including interference signals and useful signals). For a uniform
linear array, the steering vector is:

_ Jkd sin@cos J(M -1 )kd sin O cos ¢
a(ea q)) - [Le " 'ae ] (3)
Expression 3 is the guide factor of the antenna array element (that is matrix factor).
w,,w,,-,w, represents the adaptive weighting factor of each time, and the array output is y.

Take the input signal of the first array element as the reference signal 4 = x,, assume that:

XX =[x, 5%, 1 4)
The correlation matrix between X and the reference signal is:
r, =E{Xex]} )
The auto-correlation matrix of X is:
R,, = E{XeX'} (6)
The weighting coefficients of each antenna array element are as follows:
o=[Lo,l (7)

Which o,, =[w,,w;,--,w, ], The weighted output and reference signals of the element 2~M
obey the minimum mean square error (LMS) criterion. Here, the output of the array is:
y=x-0"X ®)
Based on the LCMYV criterion, the performance functions of the signal output power can be
obtained as follows:

P, =E[le[ 1= E[[d[ ]-2Re[o"r, ]+ 0"R .0 9)

The weighted vector from element 2 to element M can be expressed as:
®,, =P, R, (10)
P =("R.s)” (11)

The gradient estimates of power are also obtained as follows:
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Va)Pvut = 2Rxxm (12)
In this case, the gradient method is used to make the performance function decrease most
rapidly in the direction of the power function, so that the input signal reduces the matrix

inversion operation, and then the recursive formula can be obtained [14].
T

ok+1)=0(k) -V P, +u>-V P (13)
SSs
Taking the formula 11 into 12, the iterative relation of the power inversion algorithm based
on LMS can be obtained as follows:

ok+)=m(k)-2u( —i)vaw, =o(k)-2u( —ﬁ)x X'ok) (14)
s's s's

In the adaptive nulling array element antenna, all array elements are adjustable except that
the weighting factor of the first array element is a fixed value of 1. The output power can be
minimized by adjusting the weighting factor, so that the trap generated by the interference
signal direction on the factor beam pattern is deeper.

The PI algorithm follows the LCMV guidelines, so the system signal can maintain a certain
fixed value in the constraint direction, but it will suppress the signal in the system to some
extent. Since the interference signal has the highest power and the signal has the deepest zero
depression on the beam pattern, the interference signal can obtain a higher signal-to-noise ratio.

II1. IMPROVED ALGORITHM OPTIMTIZATION
The conventional PI algorithm does not need to care about or know the information of the
target signal instead of it directly to interfere with the suppression. PI algorithm, however, there
is inadequate: when the power strength of the weaker interference signal is similar to the
navigation signal strength, terminal receiving antenna in the direction of jamming signal form
zero trapped and navigation signal of zero phase at the same time, it is impossible to distinguish
between filter. Therefore, the optimization of the algorithm is improved.
3.1 Receive Weak Interference and Enhance Suppression Signal
Separating the interference subspace and the noise subspace in the covariance matrix of the
input signal relies on the matrix space decomposition method, so that interference signals of
different intensities can be suppressed.
Firstly, the covariance vector array of array signal reception is processed by eigen
decomposition method, such as formula (15):
R =3 anp! =S anp! + Y Snl (15)
i=1 i=1 i=g+1
Then it can be obtained:
R =347 pp + ﬁ: s, pp (16)
i=1 i=q+1

Then, taking the formula 16 into formula 12, we can get:
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q N
wop/ :poul[zﬂ“;]p[pi” + Z 5;2p[pi” ]rxd (17)

i=1 i=q+l

1

q N
S A e+ Y. 6"
i=1

i=q+1

(18)

p out =

The above equation is explained as follows:
A is the eigenvalue of the Q-th order sub-array of the captured signal matrix R, and &° is

the eigenvalue of the N-Q-th order sub-array of matrix R, and these eigenvalues are called

white noise.

The optimal value of the weight of the PI algorithm refers to the addition of the weight of
the characteristic value of the interference signal and the useful signal. In equation (17), it can
be seen that the first term and the second term correspond to the eigenvalue vector values of the
interference and noise signals. Under strong interference, the eigenvalue of the first term is
relatively large, which has a small impact on the optimal value, and can form a zero valley in
the interference direction, thereby improving the output signal-to-noise ratio. When the power
of the interference signal is close to the power of the noise, the eigenvalues of the two items are
close. The measure taken at this time is to keep the second item and use it to calculate the best
value. The zero depression formed in the interference direction will be deeper.

In the algorithm design, for increasing the judgment function. The first step is to input signal
covariance matrix, eigenvalue extraction for noise signal and interference signal eigenvalue, the
discriminant. Use the following formula to compare with the threshold, and the threshold is ¢*.

A |
_52 (9)

If r<e’, it means that the power of interference signal and the noise signal are

T

similar.Therefore, the forward element space array in the direct equation (17) is carried out
directly for subsequent calculation. If r <¢®, it means that the interference signal is strong and it
can be distinguished from the noise signal,the first item is retained, which can suppress the
signal strongly. The whole algorithm flow is shown in Fig 2. If r<¢’, it means that the
interference signal can be well distinguished from the noise signal, and the first item needs to be
kept. Fig 2 shows the flow of the algorithm.

The optimization part is embedded in the PI algorithm as a sub-process to update the
iteration, so that the algorithm is intelligent and adaptive. No matter the input interference
signal is strong or weak, it can form a deep zero depression in the interference direction in the
beam pattern.

3.2 The Framework and Process of the Optimization Algorithm

3.2.1 Optimization of PI Algorithm Framework

The algorithm framework is shown in Fig 3. In the design, the first step is to generate signal
source, including satellite useful signal and interference noise signal, the second step is to select
the antenna array model (linear array, rectangular array, circle array), the third step is to capture
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the signal under the weighted synthesis, orthogonal frequency conversion process, then carries
on the pretreatment of sampling and adopted the digital signal processing, the fourth step of PI
algorithm related operations. In the correlation operation of PI algorithm, the optimization
algorithm is added, and then the signal of the adaptive array output anti-interference processing
is performed after the weighted synthesis.

R Matrix
decomposition

Extract eigenvalues
A and §?

Y \ 4

Preserving Abandon
Alpp! || Appl

]

\ 4

Follow up
operation

Fig 2: Optimization part of the flowchart
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Fig 3: Optimized block diagram of PI algorithm
3.2.2 The Design Process of Optimized the PI Algorithm
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Process steps of adaptive anti-interference PI algorithm:

1) When N=0, the antenna is initialized, and the weight value of the reference signal path is
assigned to 0 respectively.

2) N= 1,2, start the following cycle iteration:

a) Filtering process: in the chip in the weight parameter setting, the weights of N-1 time is
used to generate the weights of the output of the next moment, and then after frequency
conversion module and the ADC sampling and digital pretreatment process of the error signal is
generated;

b) Adaptive updating calculation: based on the array input data and error data, the relevant
data operation is performed to calculate the relevant amount of the updated weight value and
generate the new weight. Then, the weight of each channel signal is weighted, and the data
signal of noise reduction processing is output.

The flowchart is shown in Fig 4.

Initialization vector
W =[1,0,0,0]
*':
Calculation input
Y= WmXxm

v

Updated iterative
weight vector
W (1) = W () — 242 () X (i)

End

Fig 4: Optimized block diagram of PI algorithm

3.3 The Simulation of the Optimization Algorithm

The simulation conditions are as follows:

1) Uniforming linear Array with 4 Array elements;

2) The central frequency of array antenna array elements is 1268.52 mhz;

3) The spacing of the array is the half wavelength (0.51);

4) Noise selection Gaussian white noise, power is §° =1;

5) The signal-to-noise ratio of the input signal is always -30db;

6) The incident azimuth Angle of the useful signal is 160, and the azimuth of the
interference signal is 60.

3.3.1 Simulation in the Strong Interference Environment

Under strong jamming, the input signal is -50db. At this time, by comparing and analyzing
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the simulation results of whether the PI algorithm is optimized, which can obtain the
interference suppression zero depression.
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Fig 5: Algorithm simulation in strong interference environment
The Fig 5 shows that both the not optimized PI algorithm and the optimized PI algorithm
have a zero depression with a depth of -98.56dB, with good anti-interference performance,
under strong interference. In the strong interference environment, the optimization of PI
algorithm and the un-optimized result did not change significantly.
3.3.2 Simulation in a Weak Interference Environment
Under the condition of weak interference, the input signal is -70db. In the same way, the
interference suppression in the simulation of two algorithms is shown as follows.

L] 100 120 o % 180 7 | i | H H
Azimuth 0 2 w ] 80 3 2 "W 10 180

(a) (b)
Fig 6: Algorithm simulation in weak interference environment
The simulation diagram shows the azimuth Angle of 60° (jamming signal to wave
direction), the Fig 6(a) shows that the zero depth of 10.23 dB, the Fig 6(b) shows that the zero
depth is 55.12 dB. It can be concluded that the optimized PI algorithm has very good anti-
interference performance in the weak interference condition environment.

g 2 w &
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IV. CONCLUSIONS

In this paper, the adaptive interference suppression performance of the PI algorithm is
compared and analyzed.

Firstly, the principle of PI algorithm is theoretically analyzed and inferred. Secondly, in
view of the low resolution of the PI algorithm in a weak interference environment, the
interference subspace and the noise subspace are separated, so that the interference signal can
be processed in a targeted manner. Therefore, it can be used to suppress both strong and weak
interference. Then, the optimized PI algorithm is designed and described. Finally, the
simulation results show that the optimized PI algorithm can eliminate the signal in the case of
strong interference and weak interference.
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