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Abstract: In this paper, we address the probability of target detection from a MIMO radar at Ndjili
International Airport . This article consists of analyzing the distance between the target and the radar using the
fact that the signal travels a round trip path. If it is considered that the high frequency radar signal is moving at
speed ¢ and that the radar echo of the target is measured after a time t 1, the target is then detected at a
distance . The application of the MIMO concept in the radar system enables the construction of a virtual
network larger than the network of the traditional system. This large scale of the virtual network makes it
possible to considerably increase the performance in terms of detection for the statistical radar and in terms of
location for the coherent radar. The latter is favored by a gain linked to the coherence between the signals
whereas the statistical MIMO radar is favored by another gain linked to the spatial diversity.
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. INTRODUCTION

The Multiple Input Multiple Output (MIMO) concept has shown its effectiveness in the field of
telecommunications. The MIMO concept makes it possible to send several different signals on different
antennas to increase the performance of the transmission system. Its particularity therefore involves the
simultaneous use of several antennas, transmitters and receivers. This concept is completely adaptable to the
radar system presented above. MIMO radar can be dened simply as a radar with multiple radiations and multiple
receiving sites and the information received is processed together. In other words, MIMO radar is just a
generalization of the multistatic concept.

By the most general definition, many traditional systems can be considered special cases of MIMO
radar. For example, synthetic aperture radar (SAR) can be considered a form of MIMO radar. Similarly,
polarimetric radar , i.e. a radar that measures both polarization components for each transmitted polarization, is
an example of MIMO radar. In many existing works, MIMO radar antennas emit signals, which may or may not
be correlated, assumed to be orthogonal, but this is not a requirement for MIMO radar. However, orthogonality
can facilitate processing.

1.2 RADAR SETTINGS

According to the arrangement of the transmission and reception elements, two main configurations of
the radar can be distinguished in the literature. These are monostatic radar and bistatic radar . For technological
reasons, the first radars were of bistatic configuration , which appeared in 1930, because the integration of the
transmitter and the receiver in the same radar was not completely mastered. But thanks to the implementation of
duplexers in 1936, monostatic systems were quickly imposed by their lower cost.

1.2.1 Monostatic radar
monostatic radar , the transmitter and receiver share common electronics and antenna. In this monostatic
configuration , the sharing of the electronics and the antenna makes it possible to reduce the bulk and the costs
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of synchronization between the transmitter and the receiver, which explains why the vast majority of radars are
monostatic
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Figure 1.1: Monostatic radar configuration

1.2.2 Bistatic radar configuration

bistatic configuration requires good synchronization between the transmitter and the receiver, and the use of a
less trivial acquisition geometry. When talking about bistatic radar , it is implicitly assumed that the transmitter
and receiver are actually separated (either from a distance point of view or from an angular point of view). If the
transmitter and the receiver are physically separate (different antennas) but located almost in the same place, the
received signal is qualitatively close to a monostatic signal . One thus speaks of strongly bistatic or weakly
bistatic configurations to integrate these two possibilities.
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Figure 1.2: Configuration of the bistatic radar

1.2.3 Multistatic radar configuration

MIMO radar can be simply defined as a radar with multiple beams and multiple receiving sites and the received
information is processed together. In other words, MIMO radar is just a generalization of the multistatic
concept.

Figure 1.3: Configuration of the multistatic radar
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1.2.4 Static IMMO Radar signal model

The transmitting antennas are widely spaced (even for the receiving antennas) and therefore the
received signals are independent. This MIMO radar is called "the statistical MIMO radar"”. In this configuration,
in which the transmitting elements and the receiving elements are widely spaced, the diversity of the multitude
of (spatial) viewing angles increases the performance in terms of detection.
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Figure 1.2: MIMO Radar

Bistatic MIMO radar signal model

In this configuration, the transmitting elements (as well as the receiving elements) are closely spaced so
that the target is in the far field with respect to these arrays, this configuration is called "the coherent MIMO
radar”. This configuration, where the transmitting and receiving antennas are closely located, is favored by its
performance in terms of localization.
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Figure 11.3: Bistatic MIMO radar

1. RADAR TARGET LOCATION EQUATIONS

11.1 MIMO Radar Equation
Case 1: Statistical MIMO Radar

d,*>d, A/de'“‘ et d,%>d, A/dr“ 2.1)
Case 2: Coherent MIMO Radar

d,* >d, ﬂ/d cet d%< drﬂ/d e (22
e T

where 1 is the wavelength.

The complex gain, provided by the reflection of the target and which depends on the effective radar surface
(SER), is assumed to be a complex random variable. At each pulse, the received signal vector, for a radar system
composed of M transmit and N antennas receiving antennas, is given by :
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E
x(l,t) = \];diag(a(xo,yo))Hdiag(b(xo,yo))s(l —-1,t) +w(l,t) (2.3)

For a target located at the azimuthal position ( 8 (, 8 ) (where 6 ( is the direction relative to the transmission
grating called "Departure Direction (DDD)" and 8  is the direction relative to the transmission grating receiver
called "Direction of Arrival (DDA)"), and by exploiting the linear and uniform form of the transmission network
and the reception network, the expression (2.4) of the received signal can be rewritten as follows:

s;(Lt)

Su(l,t)

x(,t) = a(t)a(8,)bT(6,) [ +w(l,t) (2.4)

For better separation of transmitted signals on reception, orthogonal signals are often transmitted i.e. (<
sil,t),s;(L,t) >=0et <s;(Lt) >=7r@),i#j=1..M, )where r(t)is the baseband signal at the output of
the i " matched filter. So, the output of the m ™ matched filter, corresponds to the waveform emitted by the m ™
issuer, is given by:

[9]
Ym(t) = a(t)a(6,)b" (6,) !r(t) ! +Wa(@)  (25)
Lo |
This last expression can be rearranged to obtain the final shape of the signal vector at the reception which
corresponds to the waveform emitted by the same transmitter:

Ym () = a(t)a(6;)by, (67 () + wy () (2.6)

11.2 Equation according to the Swerling model
With the transfer matrix given by:

c=[(6,%86:), ..., c(6,7,6")] .7)

c(6,,6,"),....,c(6:7,6,") ® a(6,”) (2.8)
and
a; () (¢)
s(t) = : (2.9)
a, (t)r,(t)

Depending on the target fluctuation models considered, two signal model cases arise here. Case of the Swerling
I model: the backscattering coefficients are considered constant from one pulse to another and therefore:

a7 (t)
s(t) = : (2.10)
ap, (t)

Case of the Swerling 1l model: the backscattering coefficients change from one pulse to another:

a;, () (t)
s(t) = : (2.11)
a, (), (0)

identical baseband signals r (t).
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1.3 TARGET EQUATION

11.3.1 Covariance matrix

Most high-resolution antenna processing methods exploit the properties of the covariance matrix of received
signals to minimize the influence of noise. The model of the signal considered is that given by the expression:

z(t) = Cs(t) + n(t) (2.12)
The targets, assumed to be in the same range box, fluctuate according to the Swerling Il model. Therefore, in all
cases the elements of the signal vector s(t)are not totally correlated. The covariance matrix of the observation
vector z(t)is given by:

R = E[z(t)z"(t)] (2.13)

Substituting the expression ( 2.13 ) of the signal model adopted in the equation above, we obtain:
R = CR,CH + 0,2 Iyy (2.14)

with R, the covariance matrix of the transmitted signals anda,,? I,y the noise covariance matrix assumed, in

this work, zero-mean Gaussian complex. In practice, the covariance matrix is estimated from the temporal
samples of the vector of observations:

T
R= %Z 2028 () (2.15)

11.3.2 Cramér - Rao BCR terminal

The BCR has been calculated and discussed in terms of localization , in addition, this Crameér -Rao limit has also
been discussed for the optimization of the waveform in MIMO radar.
The BCR is dened as the inverse of the Fisher Information Matrix (FIM):

BCR(n) = diag(j — 1(m) (2.16)

For the case of gure , a coherent bistatic MIMO radar whose signal model is given by ( 3.23 ), the MIF can be
calculated as follows:

]97.'91,’ ]9,,’9&‘ ]Br,aa ]9r,a'

1 [ oRG) . RM| _|ove. Joes, Touoa Jouo
=—tr|R1(n) ——=R () ——| = ' 2.17
JAQ)) St ) an (m an ]Tew ]Tema Jorn. Jous (2.17)
l J Tem J Tet,,, J Taa,a J Oa J

The derivatives can be calculated as follows:

AR (1) _ 1 , 6C(6r(p),9t(p))cH(9r(p), gt(p))

- =" 2.1
20, 27 96, @19
OR(n) _ 102 ac(gr(l’),gt(p))cy(er(p),et(p)) 219)
a@t(P) 2 ap aet(P) '
OR
() _ Zaap(?C(Hr(p). et(P))CH (er(P)’ et(P))(z_zo)
004
IR (1)
T = ZO'IMN (221)
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Therefore, the BCRs relating to the estimation of the DDA are the P first BCR elements ( i ) and the BCRs

relative to the DDD estimate are the P following items.

I11. DISCUSSIONS AND SIMULATION ON BCR

111.1 Simulation of the results
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Figure 3.1: Effect of the position of the target Figure 3.2: Effect of starting angle on estimation error
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Figure 3.3: Effect of adjacent targets on DDA estimation
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Figure 3.4: Effect of adjacent targets on DDD
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Figure 3.5: Effect of number of targets on the estimation of DDA Figure 3.6: Effect of number of targets on

DDD estimation

111.2 Interpretation of results

We have just examined in this simulation the behavior of the BCR relative to the direction of the target,
the resolution and the number of targets to locate. The bistatic coherent MIMO radar considered consists of two
linear and uniform arrays, the first is composed of M = 3 transmitting antennas spaced by half a wavelength and
the second of N = 4 receiving antennas also spaced by half a wavelength. -wave length. The number of pulses is
fixed at T = 256 and the number of Monte-Carlo iterations at K = 200
P =3 targets are considered in this case, the firstisat (6 ,®,0®)=(30°, 30°), the secondat (6 ?®, 0 ?
)=(30 ° +A 0, 30 ° +A 0 ) and the third is at the position (8 ®, 8 ®)=(10 °, 10 °). The signal-to-noise ratio is

fixedat RSB=12dB .
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Figures 3.1 and 3.2 show BCR as a function of signal-to-noise ratio for different target positions. These target
positions take the values (6,,6:)=(0°0°),(40°40°), (60 ° 60 °), (80 °, 80 °). It can be observed that the
error increases with the distance of the target from zero.

Figures 3.3 and 3.4 show the BCR as a function of A 6 for the estimation of DDA and DDD, respectively. We
notice that the error of the estimate is inversely proportional to the difference between the targets and that the
estimate of the third target is not affected.

In order to show the effect of the number of targets on the joint estimate of DDADDD, we consider two cases P
=2 and P =4. The BCR is plotted for the two targets which have the same positions in both cases ( i.e. the first
target and the second target). The four targets are in the directions: (0 @, 6t ®)=(10°,80°); (6r @), 0t @)=
(70°,20°); (0r Gy, 0t®)=(50°,30°); (6r_ “y,0t®)=(60 °, 40 °); Figures 3.5 and 3.6 show BCR as a
function of SNR for the estimation of DDA and DDD of the first two targets, respectively. We notice that the
estimation error increases when the number of targets increases.

IV. CONCLUSION

We saw that this article was about locating a target from the multiple output (MIMO) input radar in
Ndjili International Airport. Based on the specific equation according to the environment in which it operates, so
that the detection seriously degrades depending on the distance, we have analyzed the parameters influencing
the radar equation, for this we have analyzed the influence of the variation of the effective radar surface ¢ and
the transmission power P 5. The detection methods presented in this article will lead to the comparison of the
received signal to a fixed threshold.

However, a fixed threshold produces either an excessive number of false alarms or a low probability of
detection as soon as the statistical characteristics of the noise and the clutter change. This remark is the basis for
proposing constant false alarm rate (CFAR) detectors.
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