Turkish Journal of Computer and Mathematics Education  Vol.12 No.13 (2021), 2842-2847

Research Article

A Study on Radar Target Detection using Space Time Adaptive Processing Algorithm
and LCMV Algorithm

Kwan-HyeongL ee!

IDivision of Human IT Convergence, DagjinUniv.,POCHEON, Republic of Korea khlee@daejin.ac.kr

Article History: Received: 11 January 2021; Revised: 12 February 2021; Accepted: 27 March 2021; Published
online: 4 June 2021

Abstract: In this paper, we study the direction of arrival estimation of the desired target in adaptive array MV
algorithm to update the weight, and the optimized weight removes the interference signal. The target signal is estimated using
the optimized weight vector and the high resolution the direction of arrival estimation MUSIC algorithm. We calculate the
inverse of the correlation matrix using the QR method to reduce the processing power consumption of the optimized weight.
The optimal weight vector is applied to the proposed algorithm to estimate the desired target direction from the output power
spectrum. The performance of the proposed method is compared with the existing method by simulation. The experimental
method estimates three targets from the antenna received signal. The existing method did not estimate the three desired targets
at [-30°,-20, -10°]. The proposed method accurately estimates the desired three targets at [-30°,-20, -10°]. In the [-10°, 0, 10°]
target estimation, the existing method reduces the estimated resolution of the target, but the proposed method accurately
estimates the target. We proved that the proposed method in the simulation was superior to the existing method.
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1. Introduction

Signal processing technology has been studied to remove interference and noise signals in order to detect the
desired signal from the signal received by the antenna system [1-2]. It is essential to remove interference and noise
signals in order to detect the desired signal in wireless communication system. The existing interference signal
removal method have been studied to reduce the power of interference signals with the antenna design changes
and signal processing filtering technology. Information signal detection is called signal processing technology.
This technology has been studied in radar, sonar, and mobile communication fields, and research to detect objects
in a specific direction is called a target estimation method [3-[4]. One of the target estimation methods can detect
the desired target using the arrival direction estimation technique. The target estimation method is a technique of
radiating radio waves and detecting a desired signal from a signal received by a receiving antenna [5]. The target
estimation method is a technique of removing interference and noise a received signal using a direction of arrival
estimation algorithm. The direction of arrival estimation algorithm is a method of accurately estimating a desired
information signal by minimizing a desired signal extraction error and considering characteristics of the signal.

The adaptive array antenna system has an advantage of eliminating interference signals, minimizing noise
power, and avoiding frequency dependent phase distortion on the spread width signal [6-14]. However, broadband
requires temporary filtering of array signal processing to suppress interference signals. The adaptive array system
can use the beam-steering and beam-forming processing methods together to eliminate interference and accurately
detect the desired signals [7-15]. The beam-steering method uses the desired signal direction as a complex weight
at each tap output of the time-space processing algorithm. This method should be informed in advance of the
location and direction of the receiving system. The beam directed method is full correlation technique that does
not require reference signal detection in order to calculate weights by weighting the phase and gain for each tap of
each antenna array element. The beam-forming is called post-correlation method as a method of detecting a signal
using the adaptive algorithm to calculate the weight and maximizing the signal-to-nose ratio. The adaptive array
system also improves the processing gain of the receivers. It maximized the method of having signal characteristics
of expansion / non-expansion by reducing the unexpanded signal bandwidth to a minimum. Designing the
bandwidth of the receiver's code/carrier tracking loop in a narrow band improves interference removal. However,
reducing the bandwidth of code/carrier tracking loops slows down the response speed, which reduces the tracking
loop performance and reduces the ability to eliminate signal interception. Conversely, expanding bandwidth makes
it difficult to effectively block outside noise [8].

In this stud, we use space time processing algorithm and Linear Constraint Minimum Variance (LCMV)
algorithm in adaptive array antenna system to detect the desired signal. This research method applies the LCMV
algorithm to the adaptive array antenna system to complement characteristics sensitive to differences in RF
characteristics between channels and remove the interference and noise signals to detect the desired target signal.
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The composition of this paper is as follow. Section 2 describes the signal analysis of the LCMV algorithm, and
Section 3 proposes a LCMV algorithm of matrix inversion. Section 4 analysis the performance of the proposed
algorithm, and closes the paper in section 5.

2. Spatial Adaptive Processing

The LCMV algorithm in as minimizes the power of signal received from the adaptive array antenna. It is an
effective signal suppression method for strong interference signals because a smaller gain is set in the direction in
which the interference signal is present. However, the LCMV algorithm poses a risk factor that will suppress the
desired signal because it does not use any information compared to other space time adaptive processing (STAP)
algorithms. This algorithm should set constraints on gains in the desired signal direction to prevent suppression of
these desired signals. In addition, the LCMV algorithm is basically developed on the premise that each of the delay
characteristics from each antenna element through RF and IF circuits to digital circuits are exactly matched, and
this is sensitive to these characteristics [9].When the number of arrays in the antenna is K and the tab delay is P,
the receiving signal vector can be expressed as follows:

x(t) = [x1(£), %, (0), -, % (D]" (1)

The output signal of the adaptive array antenna is expressed as follows by the antenna reception signal and
weight [10].

K P-1
YO = )Y xilt = Dwig = WHO (0 @
k=1 j=0
Here, () is the hermit matrix, and the weight vector W is expressed as follows:
W() = [w(t), wo (), -+, wi (D]" 3)
The expectation of the output power signal of the adaptive array antenna can be expressed as follows:
H
EIN®P] = E[(WH(©) x®)(WH© x©)"] (4)
= WHE[ x(Ox(®"] W (5)
= WH(® C(OW(D) (6)

Here, C(t) = E[ x(t)x(t)!] is the array correlation matrix including spatial correlation of signals received from
the antenna array element. The array signal should be optimized to fit the weight vector to the desired gain
constraint in order to minimize the output power signal [11]. The gain constraint is as follows:

WH(MD=g 7

Here, D = [51,52, ---,sL] is a steering matrix. This steering matrix is a matrix containing L steering vector for
which L gain constraints are set. The vector G means fixed gain in the constraint direction, and each L vectors in
the steering matrix form one constraint. The method of setting constraint for beamforming is divided into single
LCMYV beam-former, multiple LCMV beam-former, and unconstrained power minimization [12-13]. The signal
LCMYV beam-former constraint is as follows:

Wit d=g ®

Here, d represents one steering vector for single beamforming. This condition applies the same weight vector
for all signals source directions. The multiple LCMV beam-former constraint is as follows:

WM D =g €))

Here, D represents multiple steering vector for multiple beamforming. This condition applies different weight
vector for all signal source directions. The unconstrained power minimization LCMV beam-former constraint is
as follows:

wHid=1 (10)

In equation (10), d= [1,0 ---,0]" must have a weight of 1 for the reference element of the antenna. N nulls can
be used for suppression an interference signal by using one degree of freedom as a constraint. The unconstrained
power minimization operates only in a direction that minimizes the input signal, so the weighted vector w=0.
Considering the weighted vector, the unconstrained power minimization constraint is set at g=1. The unconstrained
power minimization constraint greatly increases the risk of suppressing the desired signal, but decreases the
likelihood that the desired signal will be suppressed because the power of the information signal is smaller than
the noise level. This paper applies the unconstrained power minimization constraint which can use N-1 nulls.

3. Proposal LCMV Algorithm of Matrix Inversion
The LCMV algorithm is divided into spatial-nulling algorithm and STAP algorithm according to covariance
matrix. Obtain the weight of the inverse matrix from the covariance matrix. It is divided into inverse matrix
algorithm and QR algorithm that performs a direct inverse sequence according to the method of calculation of the

2843



Turkish Journal of Computer and Mathematics Education  Vol.12 No.13 (2021), 2842-2847

Research Article

inverse matrix. The interference and noise signals are removed by obtaining the optimal weight of each algorithm.
Figure 1 shows block diagram of the LCMV algorithm. The LCMV algorithm is applied by converting the
intermediate frequency signal to digital signal (ADC). At this time, LCMV algorithm calculates the covariance
matrix using spatial nailing and STAP to obtain the optimal weight. The optimal weight acquisition method
calculates the covariance matrix using the correlation matrix and uses the inverse of the covariance matrix to obtain
the optimal weight.
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Figure 1. Spatial Adaptive Processing System.

This study uses the unconstrained power minimization constraint method for beamforming. When the
unconstrained power minimization constraint is used to minimize the output signal of the adaptive array antenna,
the output signal can be expressed as follows using Lagrange multiplier.

VW E[Y® ] + g] = Vi, (WH(®) C(t) W(©) + AWH(D) d) (11)
COWH+ rd=0 (12)

When the weight vector is obtained for the smallest point of equation (11), the optimized weight vector is as

follows:

Wop(H) = —4 C1(D) (13)
dHW,, () = — & dHCI() = g (14)
_ g
—h= dic-1(t) d (15)
_gC'(vd
Wop (D) = PIETOY (16)

The optimal weight vector obtained in equation (16) has a lot of processing power due to the inverse of the
vector. We apply QR algorithm for an efficient methods with low processing power consumption. The input signal
vector of the antenna is separated into two matrices of QR decomposition.

x(t) = QR 17)

Here Q and R are orthogonal matrix and upper triangular matrix, respectively. The input signal vector of the
antenna from QQ = Q#Q = 1,Q" = Q1 is as follows:

X1 = R—lQ—l — R—IQH (18)

We apply the modified Gram-Schmidt QR factorization to obtain the inverse of the upper triangulation of
equation (17). Classical Gram-Schmidt QR factorization has the advantage of relatively low error in fixed precision
calculation than the modified Gram-Schmidt QR factorization. The modified Gram-Schmidt algorithm is
developed as pseudo code to find the inverse of the upper triangle. When the inverse of the upper triangle is
calculated, the inverse of the antenna input signal is obtained by multiplying the Q matrix by the Hermitian
transpose.

4. Computer Simulation

This chapter analysis the performance of the methods proposed in this study with general methods through
simulation. The existing general method is the MUSIC method, and the proposed method is applied the LCMV
algorithm to the MUSIC method. The receiving system used an adaptive array linear antenna, and the array element
spacing was set at half wavelengths to avoid the grading lobes. The signal-to-noise ratio was 20 dB and the array
element was eight. Figure 2 and 3 estimate the target using a signal-to-noise ratio of 20dB and 8 antenna array at
[-30°, -20°, -10°].Figure 2 shows the three predicted results using only the MUISC method. Figure 3 did not
accurately estimate the desired three targets. Three main lobes of the beam shall be represented in the desired target
direction. However, it can be seen in Figure 2 that about one beam staple appeared. The desired target estimation
accuracy shows good performance by improving resolution by increasing transmission power or number of
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antennas. However, it is not efficient in the system to increase the number of antenna array elements and increase
the transmission power. Figure 3 shows a graph of the desired target estimates by the method proposed in this
study. It can be seen that the beam main salts are accurate compared to Figure 2.Figures 4 and 5 show a graph of
three desired targets at [-10°, 0°, -10°]using 10 array elements. Figure 5 is the result of three predictions using only
the MUISC method, which increases the number of antennas, resulting in better resolution than Figure 2.After
increasing the number of antennas, three desired targets were estimated. That is, comparing Figure 4 with Figure
2, it can be seen that the resolution is improved by increasing the number of antennas. However, the three main
lobes of the beam did not appear exactly at the desired target. Figure 5 is a graph that estimates desired target using
the method proposed in this study. It accurately estimates three targets.
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Figure 2. Existing MUSIC DoAat [-30°, -20°, -10°]
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Figure 4. Existing MUSIC DoAat [-10°, 0°, 10°]
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Figure 5. Proposed Algorithm DoAat [-10°, 0°, 10°]
5. Conclusion

In this study, the STAP- LCMV algorithm was proposed to estimate the direction of arrival of the target when
an interference waves existed in the radio channel.When an interference signal is received, the target signal is
attenuated and an error occurs between the sample angle and the interference signal that forms the directional
matrix, resulting in a significant degradation of the receiver's performance.This study estimated the direction of
arrival of desired targets in space using optimal weight and QR inverse. The MUSIC method was used to estimate
the direction of arrival. This is because the MUSIC method has better resolution than other conventional methods
of estimating direction of arrival. The performance of the proposed method was compared with the existing MUSIC
method to confirm.To increase resolution to less than 3 degrees using MUSIC method, the number of array
antennas should increase or the signal-to-noise ratio should be high. The difference between the existing methods
of estimating the direction of arrival is the superiority of the method proposed in this study in the accuracy of the
estimation of the direction of arrival. The reason for this was that the maximum signal-to-interference noise ratio
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was calculated at each moment to calculate the optimal weight. In this study, the direction of arrival was accurately
estimated over the existing method and the resolution was also improved. In addition, the method proposed in this
study was proven to be superior to the existing method when only correlation interference signals were present in
radio channels.
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