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Abstract. In this paper, we propose the method which desired signal is estimated by updating the weight of
the MVDR algorithm. The MUSIC algorithm is generally a lot of used in the direction of arrival estimation
method. The MUSIC algorithm has a good resolution because of using subspace techniques consisting of a
signal subspace and a noise subspace. The processor capability of drone system is required low power
consumption and low computation complexity because it uses a microprocessor. If the drone system has a lot
of computation complexity, the desired signal cannot be estimated. This paper study a method estimating the
desired signal with a simple calculation. The proposed method is updated weight by the covariance matrix of
MVDR algorithm. Through simulation, we analyse performance by comparing MVDR, MUSIC and the
proposed method. In the simulation results, the proposed method is the same as the MUSIC algorithm in
direction of arrival estimation. Since the proposed method has no subspace, it reduces computational
complexity than MUSIC algorithm. The desired signal estimation of the proposed method is superior to the
MVDR algorithm.

1 Introduction
Recently, the estimation of direction of arrival(DoA) for
target has been many studied according to the
development of wireless communication technique.
Direction of estimation method have been widely used in
many applications such as radar, sonar, biomedical, and
communication systems. DoA estimation methods are
Bartlett, Capon, Linear predict, MUSIC, and ESPRIT [13]. Also, the estimation method of target is divided into
two methods. First, there is non-parameter method such
as Bartlett and Capon, finally, there is parameter method
such as MUSIC and ESPRIT. MUSIC estimation method
has a super resolution because it uses the subspace method.
There has a lot of computation complexity because the
MUSIC method uses eigenvalue decomposition. In order
to improve the DoA estimation, there are improved signal
to noise ratio, higher transmission power, and adaptive
array signal processing [4-6].
In this paper, we propose the method which is a low
computation and an accurate DoA estimation. The
proposed method is estimating the desired signal by
updating the weight of the MVDR (Minimum Variance
Distortionless Response) algorithm. Generally, the
MVDR algorithm is called Capon method. The Capon
method has poor resolution to estimate the desired signal
due to low computation complexity and inaccurate weight.
We propose a method how to improve the weight of
MVDR algorithm. The proposed method for improving
the weight use an adaptive array antenna and a
beamforming technique. The adaptive array method finds

the covariance matrix using Lagrange multiplier and
applies the adaptive array algorithm to improve the
resolution. And, we divided it into two step to find
optimum weight. The source signal covariance matrix is
obtained in two steps of the proposed method. As a result,
we can obtain the covariance matrix of the received
signals. The MUSIC method is mostly used to estimate
for target in spatial. But, it is not effective for drone
system to use the MUSIC method because of the
processing capability of microprocessor. The processing
capability of drone system using microprocessor degrades
form computation complexity and power consumption, so
that it cannot accurately estimate the desired signal.
The organization of this paper is as follow. In section
2, the signal mode analysis considered is described. The
output power of MVDR algorithm and the proposed
weight of covariance matrix are presented in Section 3. A
performance analysis of the proposed method is provided
in Section 4. Conclusions are drawn in Section 5.

2 Signal model analysis
Figure 1 shows an adaptive array system. We consider
that the receiver is uniform linear array composed of an
M-arrays antenna with adjacent array element spacing d
deployed at the figure 1 and N narrowband signals. The
N-dimensional column vector a(θ𝐾 ), the antenna array
response vector is as follow[7-8]
a(θ𝑘 ) = [1, 𝑎(𝜃1 ), ⋯ , 𝑎(𝜃𝐾 )]𝑇

(1)
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In order to minimize output noise E[|𝑌𝑛 |2 ] , the
constraint of no distortion can be written as follow

j2πdcosθ

𝑘
Where a(θ𝑘 ) = exp(−
). Bothd 𝜆and𝑘 are
𝜆
the the weavelenght and incident signal on array antenna,
respectively. Then, output signal of the array antenna is as
follow

X(t)=A s(t) + N(t)

𝑌𝑛 = 𝑊(𝐴𝑅𝑠 A𝐻 +  𝜎 2 𝐼)𝑊 𝐻

Where 𝑅𝑠 = 𝐸[𝑠(𝑡)𝑠 𝐻 (𝑡)] is a source signal
correlation matrix. The constraint condition is as follow

(2)

X(t) : the incident signal of the array antenna.
s(t) : the source signal of the array antenna.
N(t) : the noise signal of the array antenna.
𝐴 = [𝑎(𝜃1 ), 𝑎(𝜃2 ), ⋯ , 𝑎(𝜃𝐾 )] : steering matrix

𝑊 𝐻 𝑎(𝜃) = 1

𝐸[|𝑌𝑛 |2 ] = 𝑊 𝐻 𝐸[𝑋(𝑡)𝑋 𝐻 (𝑡)]𝑊

𝐻
𝑅 = 𝐸[𝑋(𝑡)𝑋 𝐻 (𝑡)] = ∑𝑁
𝑘=1 𝑋(𝑡) 𝑋 (𝑡)
𝐿

X1(t)

X2(t)
K- signals

(3)

𝐸[𝑌(𝑡)] = 𝐸[𝑋(𝑡)] + 𝐸[𝑁(𝑡)] = 𝐸[𝑠(𝑡)]

𝜎1 0 ⋯ 0

0 𝜎𝑁 ⋯ 0
]
𝐸[𝑁(𝑡)𝑁 ∗ (𝑡)] = [
⋮
⋮ ⋮ ⋱

0 ⋯ ⋯ 𝜎𝑁



Output

𝑅 = 𝐸[𝑋(𝑡)𝑋

K- signals

XN(t)

WK

Fig 1. Block diagram of the adaptive array system.

=

∗
∑𝑁
𝑘=1 𝑠𝑘 𝑎𝑘 𝑎𝑘

(10)

𝜎1 0 ⋯ 0

0 𝜎𝑁 ⋯ 0
]
+[
⋮
⋮ ⋮ ⋱

0 ⋯ ⋯ 𝜎𝑁
(11)

(12)

We find it the solution minimizing the variance of the
output signal by using a Lagrange multiplier. The
solution can be as follow

3 Covariance matrix of estimation signal

𝑆

3.1. Output spectrum of MVDR Algorithm

≜ 𝑊 𝐻 (𝑡)𝑅𝑊 + 𝜆(𝑡)[𝑊 𝐻 𝑎(𝜃) − 1] +
𝜆∗ (𝑡)[𝑎(𝜃)𝑊 − 1]

In this chapter, we discuss the MVDR algorithm for
estimating the direction of arrival. Output signal of
incident wave at receiver can be written as follow[9-11]

(13)

Taking the gradient with respect to 𝑊 𝐻 in equation(14)
as follow

(4)

𝐻
𝑊𝑜𝑝
= −𝜆(𝑡)𝑎𝐻 (Θ)𝑅−1

where, 𝑥(𝑡) = 𝑠(𝑡)𝑎(𝜃). 𝑎(𝜃) and 𝑠(𝑡) is called the
array steering vector and the source signals on the array
antenna, respectively. N(t) is a zero mean complex
Gaussian random signal(𝜎 2 𝐼). 𝜎 and I are a variance and
unit matrix, respectively. Output signal is represented by
multiplier of weight(W) and the receiver signal on array
element. When the weight vector is 1 x N, output signal
to minimize the variance of Y(t) in the noise can be written
as follow
𝑌𝑛 =𝑊 𝐻 𝑋(t)

∗ (𝑡)]

𝑠1 0 0 ⋯ ⋯ 0
0 ⋱ ⋯  0 0 0 𝑎1∗
0 0 𝑠𝑁 ⋯ ⋯ 0 𝑎2∗
= [𝑎1 , ⋯ , 𝑎𝑁 ]
[ ]
0
⋮
0 ⋮ ⋮ 𝜎1 ⋮
∗
0 0 ⋯ ⋯ ⋱ 0 𝑎𝑁
[0 0 ⋯ 0 ⋯ 𝜎𝑁 ]

Weights
Control
algoritm

X(t)=x(t) + N(t)

(9)

Let us assume that

W1

W2

(8)

Where ()𝐻 is Hermit matrix. We would like to
minimize the output noise power in subject to the
constraint at the equation (7). The output power is as
follow

Where L is a number of snapshot.
K- signals

(7)

The output noise power is can be as follow

Where 𝑎(𝜃) is steering vector corresponding to the
direction of arrival of kth signal. The covariance matrix
of the received signal vector on the array antenna can be
written as follow
1

(6)

(14)

Substituting equation(13) into equation(7) to find λ(t),
which give by
𝜆(𝑡) = −[𝑎𝐻 (𝜃)𝑅 −1 (𝑡)𝑎(𝜃)]−1

(15)

Thus, optimum weight can be written as follow
𝐻 (𝑡)
𝑊𝑜𝑝
= 𝐵(𝜃)𝑎𝐻 (𝜃)𝑅 −1

(16)

𝐵(𝜃) = [𝑎𝐻 (𝜃)𝑅−1 𝑎(𝜃)]−1

(17)

Where

(5)
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The equeation(16) is called the MVDR algorithm.
Array output power is as follow
𝑃𝑀𝑉𝐷𝑅 =

1
𝑎𝐻 (𝜃)𝑅 −1 𝑎(𝜃)

method. The classical method used which is MVDR and
MUSCI. With the simulation condition, Snapshot, SNR,
and targets were 100times, 10dB, and objects 2,
respectively. Figure 2 shows the angle estimated by the
MVDR algorithm using 9 array elements, and the desired
signal estimate at (-20o, 20o). In figure 2, the desired signal
of two targets is estimated accurately at (-20o, 20o). Figure
3 shows the angle estimated by the MVDR algorithm with
6 array elements, and the desired signal estimate at (-5o,
5o) as two targets. In figure 3, the desired signals could
not be estimated accurately at (-5o, 5o). The desired signal
estimation in figure 3 represent one signal at (0o). Figure
4 shows the angle estimated by the MUSIC algorithm
with 6 array elements, and the desired signal estimate at
(-5o, 5o). In figure 4, the desired signals of two targets
could were estimated accurately at (-5o, 5o). Figure 5
shows the angle estimated by the proposed method with 6
array elements, and the desired signal estimate at (-5o, 5o).
In figure 5, the desired signals of two targets were
estimated accurately at (-5o, 5o).

(18)

3.2 Proposed covariance matrix in mutual
coupling
We consider that all signals of the receiving on array
antennas are coherent. Source signal of each array antenna
are amplitude and phase delayed due to multipath. First
array antenna is reference signal. In the case of 𝑠𝑘 (𝑘 =
1,2, ⋯ , 𝐾)narrowband sources, Replicas of the first array
antenna source signal can be as follow
𝑠𝑘 (𝑡) = ℎ𝑠1 (𝑡)

(19)

Where h represents the complex attenuation of the kth
signal with respect to the first signal. The signal
correlation matrix is as follow
𝑅𝑠 = 𝐻𝐻𝐻 

(20)

Where H= [ℎ1 , ℎ2 , ⋯ , ℎ𝐾 ]𝑇 . We have to remove the
effects of mutual coupling before estimating desired
signals because it is impossible to estimate desired
direction of arrival signals. We have the following steps:
Step 1. eigenvalue decomposition of 𝑅𝑠 can be
written as follow
𝑅𝑠 = 𝑢𝑠 𝜆𝑠 𝑢𝑠𝐻 +  𝑢𝑐 𝜆𝑐 𝑢𝑐𝐻 

(21)

Where 𝑢 is 𝑀 × 1 eigenvector corresponding to the
largest eigenvalue, and 𝑢 is eigenvector corresponding to
the smallest eigenvalue by 𝑀 − 1. According to subspace
method, we have as follow
𝐴 ∙ 𝐻 = 𝑏𝐶 −1 𝑢𝑠  ⊥ 𝑠𝑝𝑎𝑛{𝐶 −1 𝑢𝑐 }

(22)

Where b and C are constant and mutual coupling
matrix, respectivly. Mutual coupling matrix is as follow
1 𝑐1
𝑐1 1
⋮ 𝑐1
C =
𝑐𝑚 ⋯
0 ⋱
[0 0

⋯ 𝑐𝑚 ⋯ 0
𝑐1  ⋯ ⋱ 0
⋱ ⋯ 𝑐𝑚
1
⋱
⋱ 𝑐1 ⋮
⋯  ⋱ 1 𝑐1
𝑐𝑚 ⋯ 𝑐1 1 ]

(23)

Fig 2. Angle of estimation (-20o, 20o) of the MVDR algorithm
SNR=10dB, array element=9

Step 2. Reconstruct the covariance matrix of the
array output is as follow
𝑅𝑠 = 𝑏𝐶 −1 𝑢𝑠 𝑢𝑠𝐻 𝐶 𝐻 𝑏 𝐻 

(24)

Spatial smoothing is represented from subarray
method which the nature array is divided uniform
overlapping subarray.

4 Simulation & performance analysis
In this chapter, we analyse the performance to compare
classical direction of arrival method with the proposed
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Fig 5. Angle of estimation (-5o, 5o) of the proposed algorithm,
SNR=10dB, array element=6

Fig 3. Angle of estimation (-5o, 5o) of the MVDR algorithm,
SNR=10dB, array element=6

5 Conclusion
In this paper, we studied the proposed method to
accurately estimation the desired signal with the modified
MVDR algorithm. The proposed method is to estimate the
direction of arrival by updated weight. First, we studied
the MVDR algorithm to obtain the weight. Second, the
obtained weight is updated by covariance matrix. Final,
the covariance matrix is obtained by the mutual coupling
matrix of Toeplitz matrix. In simulation, the classical
MVDR algorithm have a poor resolution. Comparing
figure 4 and figure 5, the resolution of the proposed
method is the same as the MUSIC algorithm. The
proposed method has much better resolution than the
convention MVDR algorithm. Since the proposed has no
subspace, the calculation complexity decreases than the
MUSIC algorithm. The proposed method is suitable for
the drone system using microprocessors to detection
others targets.
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