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Abstract—In this paper, the problem of target detection in
phased-MIMO radars is considered and target detection perfor-
mance of phased-MIMO radars is compared with MIMO and
phased-array radars. Phased-MIMO radars combine advantages
of the MIMO and phased-array radars. In these radars, the
transmit array will be partitioned into a number of subarrays
that are allowed to overlap and each subarray transmits a
waveform which is orthogonal to the waveform transmitted by
other subarrays. In this paper, target detection performance
of phased-MIMO radars is analyzed with two detectors by
both analytical and simulation results. It is assumed that the
transmitted waveforms are ideally orthogonal. The Generalized
likelihood ratio test (GLRT) and the likelihood ratio test (LRT)
are used for target detection. The closed-form expressions of the
false alarm and detection probability in presence of Gaussian
noise are obtained. Simulation results validate the theoretical
analysis.

1. INTRODUCTION

In the last decade, multiple-input multiple-output radars
have become the focus of attention of researchers [1]-[2].
Based on antenna configurations, MIMO radars can be clas-
sified into two types. The first type is known the statisti-
cal/distributed MIMO radars, where its antennas are separated
far from each other such that a target can be viewed from
different spatial directions to achieve spatial diversity gain [1],
[2]. The second type is known the co-located MIMO radars,
where the transmitter and receiver antennas are closely spaced
to transmit a beam towards a certain direction in the space [3],
[4]. Recently, adding the Phased-Array radars to the MIMO
radars with co-located antennas has been called phased-MIMO
radars. The essence of this technique is on partitioning the
transmitting array to a number of overlapped subarrays with
smaller sizes such that each subarray operates in the phased-
array mode. Hence, phased-MIMO radars exploit jointly the
benefits of the phased-array and MIMO radars [5]-[8]. In
this paper, target detection is analyzed with GLRT and LRT
detectors in phased-MIMO radars, when all subarrays transmit
orthogonal waveforms. Furthermore, a comparison is made
among target detection in phased-array, MIMO and phased-
MIMO radars. This paper is organized as following: firstly,
the signal model phased-MIMO radar is presented in Section
II. Section III presents the problem of target detection in
phased-MIMO radars with orthogonal transmitted waveforms.
In Section IV, simulation results are shown. Finally, Section
V concludes the paper.
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II. SIGNAL MODEL FOR PHASED-MIMO RADAR

In the phased-MIMO radars, the transmit array is partitioned
into K subarrays (1 < K < M;) overlapping such that no
subarray is exactly the same as another subarray. The signal
reflected by the target is given by:

. 0) \rﬁ o d(0))®4 (1)

where ¢(#), d() and a(@) are the transmit coherent processing
vector, waveform d1ver51ty vector, and actual transmit steering
vector [5]-[8], respectively; 3(6) is the target reflection coeffi-
cient, 7x (0) is the time delay for the signal to travel between
the first antenna of the kth subarray and the first antenna of the
transmit array, and ©® denotes the Hadamard product operator.
Hence, the received vector of array observations is written as:

X(t) = x(t,05)b(0,) +n(?) 2)

where n(t) and b(f;) are the noise term and the actual
receive steering vector associated with direction 6, [5]-[8],
respectively. The virtual data vector after matched-filtering is

converted into:
M,
y =1/ ?tﬁsu(es) +n

where n is the noise term with covariance matrix R,, =
02Tk s, and o2 is noise power, and u(f) = (¢(f) ® d(f)) ®
b(0) is the virtual steering vector associated with direction 6

[51-[8].
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III. TARGET DETECTION

In this section, two detectors, namely the LRT and GLRT
detectors, are presented. The optimal detector in the Neyman-
Pearson criterion is the likelihood ratio test [4].

A. The GLRT detector

The radar detection problem is formulated as:
Hp:y=n

,  where 1S a output vector
H 1:yYy= AL a-+n y P

of the each matched filter at every receiver, n is a white
Gaussian noise vector and « is defined as « = Ssa(05) @b(0;)
for MIMO radar and o = ,(c(d) © d(6)) @ b(#) for Phased-
MIMO radar. so in this detection problem, generalized
likelihood ratio test (GLRT) can be employed by replacing
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the unknown coefficient vector a by its ML estimate then the

likelihood ratio test can be written as %>H 1T
Hence, the log likelihood ratio can be written as:
In (w) _ ¥y 4)
p(y|Ho,07) a2

) zgé T', where
T is the accordingly modified version of T and ||.|| represents
the Fobenious norm.

and the likelihood ratio test becomes |y

B. The LRT detector

Based on [4], the radar detection problem is formulated

Hj :target does not exist . .
as 0 farg . . The optimal detector in the
H; :target exists

Neyman-Pearson criterion is the likelihood ratio test [4] and

its log-form is defined as 7' = log %) >H1 £. where

& refers to the threshold and is equivalent to the desired
probability of the false alarm. The threshold is calculated by:

1 1 U (0)y1) (U™ (0)y0)
= 2 le y1+2 2y0 y0+ O',% - U% (5)

Hence, the new detector is defined as n = U QG)y, and the
optimal detector is given by n = f/, where ¢ is the new
threshold. Since, the equation of radar system Gaussian noise
was modeled by n ~ N(0,02). According to the distribution

. . 77 _ / .
of the test statistic, 72[}1{(0)[}(9) =7, and the threshold is
replaced by ¢ = ¢ /1/o2UM (6)U(6). Finally, the probability

of the false alarm is given by:
Ppa = P(Hi;Ho) = Poin > €1 Ho} = Q") (6)

and £ = Q (Pp,), where Q(.) and Q!(.), denote the
cumulative distribution function of the normal distribution and
the inverse cumulative distribution function of the standard
normal distribution, respectively. The detection probability is
defined as:

Pp =P(Hy;Hy) =P {n >¢€ ;H}
= Q" — /U (9)U(9)/02)

IV. SIMULATION RESULTS

)

In this section, simulations results are represented to com-
pare the performances of target detection in phased-MIMO
radars, phased-array radars and co-located MIMO radars. It
is assumed that transmitted waveforms are ideally orthogonal.
Numerical results shown in this section are obtained by 10, 000
Monte Carlo simulation runs.

V. CONCLUSION

Phased-MIMO radars are recently introduced in the litera-
ture in order to improve parameter estimation capability of co-
located MIMO radars. However, target detection performance
of these radars has not been investigated yet. In this paper,
the GLRT and LRT target detector are considered and target
detection performance is analysed in phased-MIMO radars
transmitting fully orthogonal waveforms. Simulation results
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Fig. 1. Comparison of receiver-operating-characteristic (ROC) curves in

GLRT detectors with My = 10, M,. = 8.
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Fig. 2. Comparison of receiver-operating-characteristic (ROC) curves in LRT
detectors with My = 10, M, = 8.

show that detection performance in the phased-MIMO radars is
higher than the phased-array radars and lower than the MIMO
radars with co-located antennas. Moreover, increasing the
false alarm probability, correlation coefficients, and number
of subarrays leads to growing target detection performance in
the phased-MIMO radars. It can be seen that with the same
probability of the false alarm, the probability of detection in
LRT detectors is higher than GLRT detectors.
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