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Abstract—Since the modern wireless communication system
with various signals and interferes tends to utilize an array
antenna with the large size of elements, it is important to
accurately estimate the number of signals. Although most of the
signal number estimation algorithms calculate it for the entire
range of angles, it is inefficient when signals exist in specific
ranges. In this paper, we propose a beamspace based Akaike
Information Criterion (AIC) and Minimum Description Length
(MDL) algorithm for efficiently estimating the number of signals
in the specific range. The estimation performance of the proposed
algorithm is evaluated and analyzed through the computer
simulation.
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I. INTRODUCTION

For the wireless communication system based on an array
antenna with a large number of elements, it is important to
accurately estimate the number of signals included in a
received signal, because the information for the number of
signals is required for determining the minimum number of
active elements in the received antenna [1],[2]. Akaike
Information Criterion (AIC) and Minimum Description Length
(MDL) algorithms based on information theory approaches are
representative and excellent methods for estimating the number
of signals [3]-[6]. However, since these algorithms estimate the
number of signals for the entire angle range, they are inefficient
for estimating the number of signals in specific ranges.

In this paper, we propose beamspace based AIC and MDL
algorithms for estimating the number of signals in the specific
range, for a square array antenna. First, the proposed algorithm
reduces the dimension of the antenna array to focus on the
interested specific range from the entire range, by multiplying
the receive signal to a beamspace weight matrix [7]-[9] for a
square array [10]. Next, it estimates the number of signals in
the focused range, by calculating AIC and MDL reference
value. In order to verify the estimation performance of the
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proposed algorithm, we provide the computer simulation
example.

M y antennas

Fig. 1. The structure of square array antenna

II. RECEIVED SIGNAL MODEL

In this section, we provide the received signal model
including various signals and noise and the beamspace output
signal model.

A. Received Signal Model

In this paper, we focus on the square array configuration in
Fig. 1 as an array antenna. Assuming that the numbers of
antenna elements and signals are M(M xM ) and L ,
respectively, the received signal model for the sample index &
is given by

x(k) = As(k)+n(k), (1)

ICUFN 2022



where A is an array response matrix with the size of M x L,
defined as
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x, and y, in (2) are defined as (3) and (4), respectively, and

A and d denote the wavelength and the distance between two
neighbor antenna elements, respectively. In addition, € and ¢

represent an elevation angle and an azimuth angle, respectively.

s(k)is a signal vector with the size of L and n(k) is a noise

vector with the size of M with independent and identically
distributed (iid) components, each of which has zero mean and
variance o~ .

B. Beamspace Output Model
An arbitrary B(B, xB,) dimensional beamspace output
signal is defined as

x; (k) = Wy'x(k), ®)

where W, is the M x B sized beamspace matrix [11] that can
be expressed as a Kronecker product of #, and W, , as

W, =W, OW, . (6)

Through this beamspace process, we reduce the dimension of
the antenna array to fit the desired specific range.

III. BEAMSPACE BASED AIC & MDL

In this section, we present beamspace based AIC and MDL
algorithms to efficiently estimate the number of signals in the
specific angle range, based on the output of the beamspace
process for reducing the dimension of the received square array
antenna. After reducing the dimension of the antenna array to
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fit the specific range by the beamspace processing, its output
signal is applied to the AIC and MDL for estimating the
number of signals. This estimated result is utilized to an
adaptive signal processing unit or a beamformer for the
enhanced communication performance. The main architecture
of the proposed algorithm is shown in Fig. 2.
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Fig. 2. The architecture of the proposed algorithm for estimating the number
of signals in the specific range

A. Sample covariance matrix

The sample covariance matrix (size of Bx B') based on the
output of the beamspace processing given by (5) is defined as

R, = E[ x,(k)x} (k) ]. @)

From this covariance matrix, we calculate B beamspace
eigenvalues classified into L eigenvalues for signals and
B—L eigenvalues for the mnoise, by the eigenvalue
decomposition. The proposed algorithm utilize these calculated
eigenvalues for estimating the number of signals in the specific
range.

B. Beamspace based AIC

A beamspace based AIC criteria for estimating the number
of signals is defined as

AIC(L)=-2NIn +2L(2B-L), (8)



where L has a value from 0 to B—1 and N represents the
number of samples. We determine the number of signals in the
desired specific range to the L value that minimizes (8).

C. Beamspace based MDL

A beamspace based MDL criteria for estimating the
number of signals is defined as
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The L value that minimizes (9) is estimated as the number of
signals included in the desired specific range.

MDL(L)=-Nln +%L(ZB—L)1nN. ©)

Since AIC and MDL algorithms may have different
estimation performances for various conditions such as the
signal-to-noise ratio (SNR) level or the number of samples,
these two algorithms should be complementally employed to
each other.

IV. COMPUTER SIMULATION

In this chapter, we provide the computer simulation result
to verify the estimation performance of the proposed
beamspace AIC and MDL algorithms based on the square array
antenna. For this simulation, we assume that the sizes of the
square array antenna and the considered beamspace matrix are
6x6 and 3x3, respectively, and the total number of signals in
the received signal is five (two Continuous Wave (CW) signals,
two Frequency Modulation (FM) signals, and one Wideband
(WB) noise signal). The main parameters of signals are
summarized in Table 1. In addition, we assume that we try to
estimate the number of signals in the azimuth angle range from
-10 degree to 100 degree. From the Table 1, we observe that
there are three signals in this range.

The spectrum of the received signal, which has five the
expected signals, is shown in Fig. 3. Fig. 4 shows the
beamspace based AIC and MDL results for estimating the
number of signals in the interested range. Since AIC and MDL
values until the value of L is 2 can be confirmed, but beyond
that, the values are extremely small and cannot be seen in one
graph, we provide Fig. 5 which is the extended version of Fig.
4. In Fig.5, we observe that the beamspace based AIC and
MDL values are minimized when the value of L is 3.
Therefore, the proposed algorithm determines the number of
the signals in the interested range to three, which is the same as
the number for the given scenario.
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TABLE 1. RRECEIVED SIGNAL PARAMETERS

Signal Azimuth Elevation Center SNR (dB)
Angle (o) Angle (o) Frequency
Ccw -60, 30 -58 0.2,0.45 10
FM -45, 60 -58 0.1,04 10
WB 10 -58 0.3 10
Received Signal Spectrum
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Fig. 3. Spectrum of the received signal
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Fig. 4. Criteria of beamspace based AIC and MDL versus the number of
signals in the interested range
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Fig. 5. The extended version of Fig. 4

V. CONCLUSION

In this paper, we proposed beamspace AIC and MDL
algorithms based on a square array antenna for estimating the
number of received signals in the specific range. The proposed
algorithm reduces the dimension of the square antenna array to
fit the desired range from the entire range, through the
beamspace processing. The beamsapce output is applied to
AIC and MDL algorithms to estimate the number of signals in
the interested range. The proposed algorithm is not only
extremely efficient to estimate the number of signals included
in the specific range, but also it has the lower computational
complexity comparing to the conventional signal number
counting algorithm because of the reduced dimension.
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