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Abstract
In broadband beamforming, interference signals entering from the mainlobe di-
rection cause mainlobe distortion and elevated sidelobe levels, thereby severely
degrading beamforming performance. To address these issues, a broadband
beamforming algorithm based on covariance matrix reconstruction and eigen-
projection preprocessing (EMP) is proposed. The algorithm first employs the
EMP algorithm to obtain a blocking matrix, which performs interference can-
cellation preprocessing on the received signal to block mainlobe interference.
Subsequently, a reasonable covariance matrix is obtained through the coher-
ent signal subspace (CSM) method and covariance matrix reconstruction. Fi-
nally, beamforming is performed. In scenarios with simultaneous mainlobe and
sidelobe interference, the algorithm can adaptively block mainlobe interference
while suppressing sidelobe interference, thereby resolving the waveform distor-
tion problem in broadband beamforming under mainlobe interference conditions.
Computer simulations validate the effectiveness of the proposed algorithm.

Full Text
A Broadband Beamforming Algorithm Based on Covari-
ance Matrix Reconstruction and EMP
Mao Ruida, Li Jiyang, Luo Ming
(Key Laboratory of Electronic Information Countermeasure and Simulation
Technology, Ministry of Education, Xidian University, Xi’an 710071, China)

Abstract: In broadband beamforming, when interference signals enter from
the mainlobe direction, they cause mainlobe distortion and elevated sidelobe
levels, severely degrading beam performance. To address these issues, this pa-
per proposes a broadband beamforming algorithm based on eigen-projection
preprocessing (EMP) and covariance matrix reconstruction. The algorithm first

chinarxiv.org/items/chinaxiv-201805.00050 Machine Translation

https://chinarxiv.org/items/chinaxiv-201805.00050
https://chinarxiv.org/items/chinaxiv-201805.00050


employs EMP to construct a blocking matrix that cancels mainlobe interference
through preprocessing. It then obtains a proper covariance matrix using the co-
herent signal-subspace method (CSM) and covariance matrix reconstruction. Fi-
nally, beamforming is performed. In scenarios with both mainlobe and sidelobe
interference, the algorithm adaptively blocks mainlobe interference while sup-
pressing sidelobe interference, thereby solving the waveform distortion problem
in broadband beamforming under mainlobe interference conditions. Computer
simulations verify the effectiveness of the proposed algorithm.

Keywords: broadband beamforming; mainlobe interference; eigen-projection
preprocessing; covariance matrix reconstruction

0 Introduction
Broadband beamforming algorithms are widely used in radar, communications,
and electronic countermeasures [1-3]. In recent years, many scholars have pro-
posed numerous algorithms for suppressing sidelobe interference. Reference [4]
discussed sidelobe interference suppression algorithms for sparse arrays, while
reference [5] studied Capon beamforming based on interference-noise matrices
to achieve higher output signal-to-interference-plus-noise ratio (SINR). Refer-
ences [6] and [7] respectively applied compressive sensing and robust Capon
algorithms to improve output SINR with enhanced robustness.

When interference signals enter from the mainlobe direction in beamforming,
two serious problems occur: (a) elevated sidelobe levels, and (b) severe dis-
tortion of the main beam. Reference [8] proposed two methods for blocking
mainlobe interference: (a) beamforming based on blocking matrix preprocessing
(BMP), and (b) beamforming based on eigen-projection preprocessing (EMP).
The BMP algorithm suffers from several drawbacks: high sidelobes and strict
requirements for the estimated angle of mainlobe interference. The EMP algo-
rithm also exhibits peak shift problems. Reference [9] improved upon the EMP
algorithm from reference [8] by addressing the peak shift issue. For broadband
beamforming under mainlobe interference, reference [10] presented a processing
method, but it suffers from high sidelobe levels, which leads to a sharp increase
in false alarm probability.

This paper addresses the peak shift problem in the EMP algorithm from refer-
ence [8] through covariance matrix reconstruction and extends the EMP algo-
rithm to broadband signals.

1 Wideband Signal Model
Assume a uniform linear array with 𝑁 elements. The total number of signal
sources is 𝐷, all sharing the same bandwidth 𝐵. The noise is Gaussian white
noise with the same bandwidth as the source signals. The array output data
vector 𝑥(𝑡) is given by:
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𝑥(𝑡) = [𝑥1(𝑡), ⋯ , 𝑥𝑁(𝑡)]𝑇

Through fast discrete Fourier transform (DFT) decomposition, this is divided
into 𝐽 sub-bands. The data vector in the sub-band with center frequency 𝑓𝑗
can be expressed as:

𝑋(𝑓𝑗) = 𝐴(𝑓𝑗) ⋅ 𝑆(𝑓𝑗) + 𝑁(𝑓𝑗) 𝑗 = 1, 2, ⋯ , 𝐽

where 𝑓𝑗 is the center frequency of the 𝑗-th sub-band signal; 𝑋(𝑓𝑗) is the
𝑁 × 1 sub-band received signal vector; 𝑆(𝑓𝑗) is the spectral component of
the signal in the 𝑗-th sub-band; 𝑁(𝑓𝑗) is an 𝑁 × 1 vector representing the
noise spectral vector at 𝑓𝑗; and 𝐴(𝑓𝑗) = [𝑎(𝜃1, 𝑓𝑗), 𝑎(𝜃2, 𝑓𝑗), ⋯ , 𝑎(𝜃𝐷, 𝑓𝑗)]
is the direction matrix of signals in the 𝑗-th sub-band, with 𝑎(𝜃𝑖, 𝑓𝑖) =
[1, 𝑒−𝑗2𝜋(𝑑/𝜆) sin 𝜃𝑖 , ⋯ , 𝑒−𝑗2𝜋(𝑑/𝜆)(𝑁−1) sin 𝜃𝑖 ]𝑇 , where 𝜃𝑖 is the incident angle of the
𝑖-th signal relative to the array elements, 𝑖 = 1, 2, … , 𝐷, and 𝐷 is the number
of signal sources.

2 Sub-band Interference Cancellation Preprocessing
Assume there are 𝑃 sidelobe interference signals and one mainlobe interference
signal in space. The covariance matrix containing only interference and noise
in the 𝑗-th sub-band is 𝑅𝑋(𝑓𝑗), with eigenvalue decomposition given by:

𝑅𝑋(𝑓𝑗) =
𝑁

∑
𝑖=1

𝜆𝑖𝑢𝑖𝑢𝐻
𝑖 = 𝑈𝑠Λ𝑠𝑈𝐻

𝑠 + 𝑈𝑚Λ𝑚𝑈𝐻
𝑚

where 𝜆𝑖(𝑖 = 1, 2, … , 𝑁) are the eigenvalues of 𝑅𝑋(𝑓𝑗) with 𝜆1 ≥ 𝜆2 ≥
⋯ ≥ 𝜆𝑃 ≥ 𝜆𝑃+1 ≥ ⋯ 𝜆𝑁 ; 𝑢𝑖 is the eigenvector corresponding to eigenvalue
𝜆𝑖; 𝑢1, 𝑢2, ⋯ , 𝑢𝑃+1 span the interference subspace; 𝑢𝑃+2, 𝑢𝑃+3, ⋯ , 𝑢𝑁 span
the noise subspace; 𝑈𝑠 = [𝑢1, 𝑢2, ⋯ , 𝑢𝑃+1], Λ𝑠 = diag(𝜆1, 𝜆2, ⋯ , 𝜆𝑃+1),
𝑈𝑛 = [𝑢𝑃+2, 𝑢𝑃+3, ⋯ , 𝑢𝑁 ], and Λ𝑛 = diag(𝜆𝑃+2, 𝜆𝑃+3, ⋯ , 𝜆𝑁). In practice,
𝑅𝑋(𝑓𝑗) can be replaced by the actual received signal covariance matrix 𝑅̂𝑋(𝑓𝑗),
i.e.,

𝑅̂𝑋(𝑓𝑗) = 1
𝐾 𝑋(𝑓𝑗)𝑋𝐻(𝑓𝑗)

where 𝐾 represents the number of training snapshots.

The blocking matrix 𝐵(𝑓𝑗) for the 𝑗-th channel can be expressed as:

𝐵(𝑓𝑗) = 𝐼 − 𝑢𝑚(𝑢𝐻
𝑚𝑢𝑚)−1𝑢𝐻

𝑚
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where 𝑢𝑚 represents the eigenvector corresponding to mainlobe interference,
and 𝐼 is the 𝑁 × 𝑁 identity matrix. 𝑢𝑚 is determined by:

|𝜌(𝑢𝑚, 𝑎(𝜃𝑠, 𝑓𝑗))| = max
𝑖

|𝜌(𝑢𝑖, 𝑎(𝜃𝑠, 𝑓𝑗))|

where 𝜌(𝑎1, 𝑎2) denotes the correlation coefficient between vectors 𝑎1 and 𝑎2,
defined as:

𝜌(𝑎1, 𝑎2) ≜ |𝑎𝐻
1 𝑎2|

‖𝑎1‖‖𝑎2‖

and 𝑎(𝜃𝑠, 𝑓𝑗) is the steering vector of the desired signal at direction 𝜃𝑠 and
frequency 𝑓𝑗.

The signal after interference cancellation preprocessing in the sub-band with
center frequency 𝑓𝑗 is:

𝑌 𝑏(𝑓𝑗) = 𝐵(𝑓𝑗)𝑋(𝑓𝑗)

where 𝑋(𝑓𝑗) can be viewed as the combination of multiple spatial signals:

𝑋(𝑓𝑗) = 𝑎(𝜃𝑠, 𝑓𝑗)𝑠(𝜃𝑠, 𝑓𝑗) +
𝑃

∑
𝑖=1

𝑎(𝜃𝑖, 𝑓𝑗)𝑠(𝜃𝑖, 𝑓𝑗) + 𝑁(𝑓𝑗)

where 𝑠(𝜃𝑠, 𝑓𝑗) represents the complex envelope of the desired signal in the 𝑗-th
channel, 𝑠(𝜃𝑃+1, 𝑓𝑗) represents the complex envelope of the mainlobe interfer-
ence in the 𝑗-th channel, and 𝑠(𝜃𝑖, 𝑓𝑗)(𝑗 = 1, 2, ⋯ , 𝑃 ) represents the complex
envelope of sidelobe interference.

The preprocessed signal is given by:

𝑌 𝑏(𝑓𝑗) =
𝑃

∑
𝑖=1

[𝑎(𝜃𝑖, 𝑓𝑗)−𝑢𝑚(𝑢𝐻
𝑚𝑢𝑚)−1𝑢𝐻

𝑚𝑎(𝜃𝑖, 𝑓𝑗)]𝑠(𝜃𝑖, 𝑓𝑗)+[𝑎(𝜃𝑃+1, 𝑓𝑗)−𝑢𝑚(𝑢𝐻
𝑚𝑢𝑚)−1𝑢𝐻

𝑚𝑎(𝜃𝑃+1, 𝑓𝑗)]𝑠(𝜃𝑃+1, 𝑓𝑗)+𝑎(𝜃𝑠, 𝑓𝑗)𝑠(𝜃𝑠, 𝑓𝑗)−𝑢𝑚(𝑢𝐻
𝑚𝑢𝑚)−1𝑢𝐻

𝑚𝑎(𝜃𝑠, 𝑓𝑗)𝑠(𝜃𝑠, 𝑓𝑗)+𝑁̄(𝑓𝑗)

where 𝑁̄(𝑓𝑗) = 𝐵(𝑓𝑗)𝑁(𝑓𝑗) is the noise after preprocessing. Since 𝑢𝑚 is the
eigenvector corresponding to mainlobe interference, we have:

𝑢𝐻
𝑚𝑎(𝜃𝑖, 𝑓𝑗) ≈ 0 𝑖 = 1, 2, ⋯ , 𝑃

and

𝑢𝐻
𝑚𝑎(𝜃𝑃+1, 𝑓𝑗) ≈ 𝑎(𝜃𝑃+1, 𝑓𝑗)
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Therefore, the preprocessed sub-band signal vector becomes:

𝑌 𝑏(𝑓𝑗) = 𝑎(𝜃𝑠, 𝑓𝑗)𝑠(𝜃𝑠, 𝑓𝑗) +
𝑃

∑
𝑖=1

𝑎(𝜃𝑖, 𝑓𝑗)𝑠(𝜃𝑖, 𝑓𝑗) + 𝑁̄(𝑓𝑗)

It can be seen that after sub-band interference cancellation preprocessing, the
mainlobe interference component in the 𝑗-th sub-band array received data is
blocked while sidelobe interference components are preserved, facilitating sub-
sequent beamforming.

3 Focusing Processing
This algorithm employs the RSS (rotational signal subspace) algorithm from
reference [11] to solve for the focusing matrix. In the RSS algorithm:

𝑇 (𝑓𝑗) = 𝑉 (𝑓𝑗)𝑈𝐻(𝑓𝑗)

where 𝑉 (𝑓𝑗) is the left singular vector of 𝐴(𝑓0, 𝜃𝑠)𝐴𝐻(𝑓𝑗, 𝜃𝑠), and 𝑈(𝑓𝑗) is the
right singular vector of 𝐴(𝑓0, 𝜃𝑠)𝐴𝐻(𝑓𝑗, 𝜃𝑠), with 𝜃𝑠 being the direction of the
desired signal. Here:

𝐴(𝑓𝑗, 𝜃𝑠) = [1, 𝑒−𝑗2𝜋( 𝑑
𝜆𝑗

) sin 𝜃𝑠 , ⋯ , 𝑒−𝑗2𝜋((𝑀−1) 𝑑
𝜆𝑗

) sin 𝜃𝑠 ]𝑇

𝐴(𝑓0, 𝜃𝑠) = [1, 𝑒−𝑗2𝜋( 𝑑
𝜆0 ) sin 𝜃𝑠 , ⋯ , 𝑒−𝑗2𝜋((𝑀−1) 𝑑

𝜆0 ) sin 𝜃𝑠 ]𝑇

The final output of the 𝑗-th channel after focusing is:

𝑌 (𝑓𝑗) = 𝑇 (𝑓𝑗)(𝐵(𝑓𝑗)𝑋(𝑓𝑗))

The signal covariance matrix at this point is:

𝑅𝑌 (𝑓𝑗) = 𝑌 (𝑓𝑗)𝑌 𝐻(𝑓𝑗)

4 Covariance Matrix Reconstruction
If the classical SMI (sample matrix inversion) algorithm from reference [12] is
used to obtain the weight vector, the adaptive weight vector for the 𝑗-th sub-
band is:

𝑤𝑗 = 𝑅−1
𝑌 (𝑓𝑗)𝑎(𝜃𝑠, 𝑓𝑗)

𝑎𝐻(𝜃𝑠, 𝑓𝑗)𝑅−1
𝑌 (𝑓𝑗)𝑎(𝜃𝑠, 𝑓𝑗)

chinarxiv.org/items/chinaxiv-201805.00050 Machine Translation

https://chinarxiv.org/items/chinaxiv-201805.00050


Let 𝜇 = 1/𝑎𝐻(𝜃𝑠, 𝑓𝑗)𝑅−1
𝑌 (𝑓𝑗)𝑎(𝜃𝑠, 𝑓𝑗). Through eigenvalue decomposition of the

covariance matrix, this can be written as:

𝑤𝑗 = 𝜇
𝑁

∑
𝑖=1

1
𝜆𝑖

𝑢𝑖𝑢𝐻
𝑖 𝑎(𝜃𝑠, 𝑓𝑗) = 𝜇 [ 1

𝜆𝑚
𝑢𝑚𝑢𝐻

𝑚𝑎(𝜃𝑠, 𝑓𝑗) +
𝑃+1
∑

𝑖=1,𝑖≠𝑚

1
𝜆𝑖

𝑢𝑖𝑢𝐻
𝑖 𝑎(𝜃𝑠, 𝑓𝑗) +

𝑁
∑

𝑖=𝑃+2

1
𝜆𝑖

𝑢𝑖𝑢𝐻
𝑖 𝑎(𝜃𝑠, 𝑓𝑗)]

The adaptive pattern is obtained as:

𝐹𝑎(𝜃, 𝑓𝑗) = 𝑤𝐻
𝑗 𝑎(𝜃, 𝑓𝑗) = 𝜇 [𝐹𝑞(𝜃, 𝑓𝑗) −

𝑃+1
∑
𝑖=1

𝜆𝑖 − 𝜆min
𝜆𝑖

[𝑎𝐻(𝜃𝑠, 𝑓𝑗)𝑢𝑖]𝐹𝑖(𝜃, 𝑓𝑗)]

where 𝐹𝑎(𝜃, 𝑓𝑗) is the adaptive pattern in the 𝑗-th sub-band; 𝐹𝑞(𝜃, 𝑓𝑗) is the qui-
escent pattern; 𝐹𝑖(𝜃, 𝑓𝑗) are the eigen-beams with 𝐹𝑞(𝜃, 𝑓𝑗) = 𝑎𝐻(𝜃𝑠, 𝑓𝑗)𝑎(𝜃, 𝑓𝑗)
and 𝐹𝑖(𝜃, 𝑓𝑗) = 𝑢𝐻

𝑖 𝑎(𝜃, 𝑓𝑗). The 𝐹𝑖(𝜃, 𝑓𝑗)(𝑖 = 1, 2, ⋯ , 𝑃 + 1) are the eigen-beams
corresponding to 𝑃 + 1 interference signals, where 𝐹𝑖(𝜃, 𝑓𝑗) has maximum gain
in the direction of the 𝑖-th interference signal and zero gain in other interference
directions; and 𝜆min is the minimum eigenvalue of 𝑅𝑌 (𝑓𝑗).
When 𝜆𝑖 corresponds to interference signals (𝑖 = 1, 2, ⋯ , 𝑃 + 1), 𝜆𝑖 is much
larger than 𝜆min, therefore:

𝜆𝑖 − 𝜆min
𝜆𝑖

≈ 1 𝑖 = 1, ⋯ , 𝑃 + 1

This shows that eigenvector 𝜆𝑖 forms a null in the direction of its corresponding
interference. However, if 𝜆𝑖 is set as the eigenvalue corresponding to noise
(𝑖 = 𝑃 + 2, 𝑃 + 3, ⋯ , 𝑁), then 𝜆𝑖 is approximately equal to 𝜆min:

𝜆𝑖 − 𝜆min
𝜆𝑖

≈ 0 𝑖 = 𝑃 + 2, ⋯ , 𝑁

Therefore, if the mainlobe interference eigenvalue is changed to a noise eigen-
value, the resulting weight vector will be affected by mainlobe interference, thus
avoiding the peak shift problem. In the proposed algorithm, as shown in equa-
tion (23), the eigenvalue 𝜆𝑚 corresponding to mainlobe interference is set to the
mean value 𝜆̃𝑚 of the noise eigenvalues, thereby reducing the mainlobe interfer-
ence eigenvalue to the level of background noise and eliminating its influence on
the weight vector:

𝜆̃𝑚 = 𝜎̃2
𝑛 = 𝜆𝑃+2 + ⋯ + 𝜆𝑁

𝑁 − 𝑃 − 1
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where 𝜎̃2
𝑛 represents the average of the noise eigenvalues. Since the eigenvalues

corresponding to noise exhibit fluctuations that can raise the sidelobe levels of
the antenna pattern and affect beamforming performance, to eliminate noise
jitter, the noise eigenvalues of the covariance matrix are modified as:

𝜆̃𝑃+2 = ⋯ = 𝜆̃𝑁 = 𝜎̃2
𝑛

The reconstructed covariance matrix for the 𝑗-th sub-band can be expressed as:

𝑅̃𝑌 (𝑓𝑗) = 𝑈Λ̃𝑈𝐻

where Λ̃ is the reconstructed eigenvalue matrix:

Λ̃ = diag(𝜆1, ⋯ , 𝜆̃𝑚, ⋯ , 𝜆𝑃+1, 𝜎̃2
𝑛, ⋯ , 𝜎̃2

𝑛)

In this algorithm, the eigenvectors remain unchanged. After focusing processing,
the covariance matrix becomes:

𝑅̃𝑌 =
𝐽

∑
𝑗=1

𝑇 (𝑓𝑗)𝑅̃𝑌 (𝑓𝑗)𝑇 𝐻(𝑓𝑗)

According to the MVDR (minimum variance distortionless response) algorithm,
the weight vector for broadband beamforming is:

𝑤̃(𝑓0) = ̃𝜇𝑅̃−1
𝑌 𝑎(𝜃𝑠, 𝑓0)

where ̃𝜇 = 1/𝑎𝐻(𝜃𝑠, 𝑓0)𝑈Λ̃
−1

𝑈𝐻𝑎(𝜃𝑠, 𝑓0) is a scalar. It can be seen that when
calculating the weight vector, the influence of the mainlobe interference eigen-
value has been eliminated, so the weight vector will not cause peak shift in
the antenna pattern. Since Λ̃ is a diagonal matrix, its inversion only requires
taking the reciprocal of the diagonal elements, avoiding complex matrix in-
version operations and significantly reducing computational complexity com-
pared to matrix inversion. The final frequency-domain output of the array is
𝑍(𝑓) = [𝑤̃𝐻(𝑓0)𝑌 (𝑓1), ⋯ , 𝑤̃𝐻(𝑓0)𝑌 (𝑓𝑗), … , 𝑤̃𝐻(𝑓0)𝑌 (𝑓𝐽)], and the time-domain
output is 𝑧(𝑡) = IDFT[𝑍(𝑓)].
[Figure 1: see original paper] shows the signal processing flow of the proposed
algorithm.
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5 Simulation Experiments and Conclusions
The experiment employs a 16-element uniform linear array with element spac-
ing equal to half the wavelength corresponding to the highest frequency of the
operating band. Both the desired signal and interference signals are assumed to
be linear frequency-modulated signals. The simulation parameters are: center
frequency 𝑓0 = 2GHz, bandwidth 𝐵 = 200MHz. The noise is Gaussian white
noise with a signal-to-noise ratio (SNR) of 0 dB. There are three interference
signals: one mainlobe interference and two sidelobe interference signals. The
mainlobe interference arrives from 1° with an interference-to-noise ratio (INR)
of 40 dB. The two sidelobe interference signals arrive from 40° and -30°, both
with INRs of 20 dB. The array received signals are divided into 𝐽 = 128 sub-
bands through DFT. Figures 2-4 show three-dimensional pattern cross-sections
at the highest frequency 𝑓𝐻 = 2.1GHz, center frequency 𝑓0 = 2GHz, and lowest
frequency 𝑓𝐿 = 1.9GHz.

Figure 2 shows the simulation result of direct MVDR without interference can-
cellation preprocessing. The antenna pattern exhibits a deep null near the
mainlobe interference direction at 2°, which severely affects the peak position
and results in high sidelobes.

[Figure 2: see original paper] MVDR algorithm antenna pattern

Figure 3 shows the simulation result using EMP interference cancellation pre-
processing but without covariance matrix reconstruction, followed by MVDR.
The blocking matrix constructed by the EMP algorithm successfully blocks the
mainlobe interference, and the antenna pattern does not form a null in the
mainlobe interference direction. However, the peak position shifts by 2°.

[Figure 3: see original paper] EMP algorithm antenna pattern

[Figure 4: see original paper] shows the broadband beamforming simulation
based on covariance matrix reconstruction and EMP. The proposed algorithm
successfully solves the peak shift problem of the EMP algorithm.

[Figure 4: see original paper] Antenna pattern of the proposed algorithm

provides a detailed numerical comparison of beam pointing, mainlobe width,
and sidelobe level for the three algorithms.

Performance comparison of various algorithms

Algorithm

Beam
Point-
ing

Mainlobe
Width (-3dB)
at 𝑓0

Mainlobe
Width (-3dB)
at 𝑓𝐿

Mainlobe
Width (-3dB)
at 𝑓𝐻

Sidelobe
Level

MVDR 2° - - - -3.13
dB

EMP -3.7° - - - -12.9
dB
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Algorithm

Beam
Point-
ing

Mainlobe
Width (-3dB)
at 𝑓0

Mainlobe
Width (-3dB)
at 𝑓𝐿

Mainlobe
Width (-3dB)
at 𝑓𝐻

Sidelobe
Level

Proposed0° - - - -13.9
dB

Experimental results demonstrate that the classical MVDR algorithm cannot
block mainlobe interference. The simulation shows that the mainlobe interfer-
ence null severely affects desired signal reception and results in high sidelobe
levels and severe waveform distortion. The EMP algorithm can block mainlobe
interference, but exhibits peak position shift. The proposed algorithm solves
the peak shift problem through covariance matrix reconstruction. Moreover, it
only requires eigenvalue decomposition to calculate the sub-band blocking ma-
trix 𝐵(𝑓𝑗) and weight vector 𝑤̃(𝑓0), and both 𝐵(𝑓𝑗) and 𝑤̃(𝑓0) can be computed
in parallel, improving algorithm execution efficiency. The classical MVDR al-
gorithm has complexity of 𝒪(𝐽 ⋅ 𝐾3), while the proposed algorithm and EMP
algorithm have complexity of 𝒪(2 ⋅ 𝐽 ⋅ 𝐾3). The proposed algorithm solves the
waveform distortion problem of the classical MVDR algorithm and, compared
with the EMP algorithm, resolves the peak shift issue without changing algo-
rithm complexity.

6 Conclusion
This paper investigates broadband beamforming algorithms in the presence of
mainlobe interference signals using a method based on covariance matrix re-
construction and EMP. The proposed algorithm consists of three processing
stages: (a) calculating blocking matrices for each sub-band to block mainlobe
interference; (b) performing focusing processing on received signals using the
classical RSS algorithm; and (c) reconstructing the focused covariance matrix,
which solves the peak shift problem. Computer simulations demonstrate that
the proposed algorithm can handle broadband beamforming under mainlobe in-
terference conditions, particularly when mainlobe interference severely affects
the antenna pattern, enabling pattern preservation.

References
[1] Chen Qi. Research and Implementation of Reduced-Rank Algorithms for
Digital Array Radar DBF Processor [D]. Nanjing: Nanjing University of Science
and Technology, 2016.

[2] Yu Kai. Beamforming for 3D MIMO in 5G Mobile Communication Systems
[D]. Dalian: Dalian Maritime University, 2016.

[3] Mo Zijun. Research on Wideband Reconnaissance DBF Technology [D]. Xi’
an: Xidian University, 2014.

chinarxiv.org/items/chinaxiv-201805.00050 Machine Translation

https://chinarxiv.org/items/chinaxiv-201805.00050


[4] Wang X, Amin M, Cao X. Analysis and design of optimum sparse array
configurations for adaptive Beamforming [J]. IEEE Trans on Signal Processing,
2018, 99: 340-351.

[5] Xu Dingjie, Liu Xiangfeng, Shen Feng, et al. Robust Capon beamforming al-
gorithm based on interference-noise matrix estimation [J]. Modern Radar, 2014,
36 (9): 22-25, 57.

[6] R. Y Du. Fan Y, Wang J. Wideband beamforming based on Compressive
Sensing [EB//OL]// Proc of the 5th International Conference on Information
Science and Technology. 2015: 387-391.

[7] Chen H, Zhao Y, Liu C, et al. A novel robust capon algorithm for wideband
beamforming [EB//OL]// Proc of IEEE Radar Conference. 2014: 0950-0953.

[8] Li Rongfeng, Wang Yongliang, Wan Shanhu. Research on adaptive pattern
preservation methods under mainlobe interference [J]. Modern Radar, 2002, 3:
50-53.

[9] Yang X, Zhang Z, Zeng T, et al. Sarkar. mainlobe interference suppression
based on eigen-projection processing and covariance matrix reconstruction [J].
IEEE Antennas and Wireless Propagation Letters, 2014, 13: 1369-1372.

[10] Qin Ling, Huang Qian, Li Huiyong, et al. Wideband circular array adaptive
beamforming method under mainlobe interference [J]. Journal of University of
Electronic Science and Technology of China, 2009, 3: 359-362.

[11] Bi Yang, Wang Yingmin. A robust wideband focused beamforming algo-
rithm [J]. Computer Engineering and Applications, 2015, 51 (4): 218-221.

[12] Kirsteins I P, Tufts D W. Adaptive detection using low rank approximation
to a data matrix [J]. IEEE Trans on Aerospace and Electronic Systems, 1994,
30 (1): 55-67.

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-201805.00050 Machine Translation

https://chinarxiv.org/items/chinaxiv-201805.00050

	A Wideband Beamforming Algorithm Based on Covariance Matrix Reconstruction and EMP Postprint
	Abstract
	Full Text
	A Broadband Beamforming Algorithm Based on Covariance Matrix Reconstruction and EMP
	0 Introduction
	1 Wideband Signal Model
	2 Sub-band Interference Cancellation Preprocessing
	3 Focusing Processing
	4 Covariance Matrix Reconstruction
	5 Simulation Experiments and Conclusions
	6 Conclusion
	References


