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/ . \ /Note that for O<m<3M/(M +1), we can arrive at M, <($1__er +_<Mt, Therefore, we

1 . IntrOdUCtlon can conclude the maximum SINR usingR  outperform th?e one o?‘ the omnidirectional

MIMO radar and can get close to that of phased array radar.
Focusing on the signal-to interference-plus-noise ratio (SINR) maximization using the _ _
covariance matrix design of transmitted waveforms in colocated multiple-input multiple- € Synthesis with BPSK waveforms
output (MIMQ) radars, we propose a kind of transmit covariance matrix (TCM)R ,, with
the form of symmetrical Toeplitz matrix, whose full rank characteristic firstly can
sufficiently exploit the waveform diversity advantage of MIMO radar and further suppress
the maximum number of interfering sources. Meanwhile, the positive semi-definition v .
character!stlc of_ sm((fz/Z)Rm) guarantees _that these TCMs can be synthesized ywth bmalry det(sm((n/z) ) L, ) 0= J142 (/12 M+ Z(Mr —i)sin{ i D_O (7)
phase shift keying (BPSK) waveforms in closed form. Furthermore, employing certain b4 (M)/m
proposed TCM, higher SINR level can be yielded and lower sidelobe levels (SLLs) can : . .
be obtained for the unwanted sidelobe interference suppression, respectively. Simulation and we conclude that Sm((ﬂ/ 2)1%”) has M —2 zero eigenvalues and two eigenvalues larger than 0.

results validate the better performance of our proposed TCMs in comparison with the

phased array, omnidirectional MIMO radar and the recently proposed TCMs. | 3 N U merical Res u Its
2_ Problem and Pro posed TCM In our simulation, to e.valuate the performance of the representative TCMs Rpm., where m is

selected from 0.5 to 2.5 with the interval 0.5, two examples are presented in comparison with the
phased array, conventional omnidirectional MIMO radar, and the scheme using R, _in [9]. The target

Consider a colocated MIMO radar system equipped with a transmit uniform linear array is located at @, =0 , where the power is expected to be cohered.
(ULA) and a receive ULA. Each transmit element emits a distinct waveform. When there is

a target located at @, and Q signal-dependent interfering sources at ¢, (i=1,2,---,0), signal-dependent interfering sources located at ¢ =—15° and ¢, =25° with the interference-to-noise

denoting the trarllsmit and receive steering vector with a(¢,)and b(g,) , then the received ratio (INR) 30 dB. Fig. 1 depicts the obtained SINR levels of the compared schemes with different
vector can be written as 0 SNR and the receive beampatterns are shown in Fig. 2. Higher SINR level can be obtained by

y(n) = aOb(¢O)aT(¢0)s(n)+Zﬂib(géi)aT(ﬁ.)s(n)+V(n) (1) employing Rpmwith smaller m, and R os outperforms the other MIMO radar scheme. R ,has
~ comparable low SLLs with R, in Fig. 2. The SLLs using R, 5 are also low.

In the finite alphabet correlated waveform deS|gn [7][8], for the realization of R using
BPSK waveforms in closed form, therefore ((7z/2)RW) has to be positive semi-definite.
Fortunately, we can derive (7) as

Case 1: It is assumed that the transmit and receive element number are 10, and there are two

where @, and f; are the complex reflection Ceefficients of the target and the ith interfering

source, respectively, which obey the Swerling Il model.s(n) is assumed as the vector of 50 ° ——=-Rs
transmitted waveforms at the nth snapshot. V(n)~N(O,of) denotes the zero-mean Gaussian 40 - —=+-Ry;in[10]
. . . 2 . . . . . ]
noise term with covariance o, . After matched filtering, the filters’ outputs stacking in one 30 ‘ T ri o I i Rots
) ] : B0 Ay AR N R ,in[10]
column vector is obtained as [15] ~<¢-R¢ > ' A
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i=1
where V, ~N(0,Gf(IMr ®R)) stand%for the colored Gaussian noise vector, ® symbolizes the
Kronecker product, R=(1/N)) s(n)s”(n)>=0 refers to the TCM, which is positive semi-

R,, in [9]
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definite and is directly related with the sampled waveforms. N is the sample number. a0l

5 10 15 20 60 &0
. . . . - degrees
In view of the monotonic relation between the detection probability and SNR/SINR [15], SHR (@) b (deorese)
the design criterion of R and receive filter always is the SINR maximization. By employing Fig.1. SINR versus SNR, where the transmit Fig.2. Receive beampatterns, where the
the principle of minimum variance distortionless response (MVDR), the optimum receive and receive element number are 10 transmit and receive element number are 10
filter and the maximum (optimum) SINR can be derived as (3) and (4), respectively. It is
seen that R can be optimized for the MIMO radar waveform design and SINR improvement. Case 2: To show the maximum capability of interference suppression of all schemes, in Fig.3, we
-1 assume that the transmit and receive element number are 6, and there are 12 interfering sources.
R, b(4) ®Ra(4,) (3) . terferh
= = pr— Since R are full-ranked, the colocated MIMO radar using R can suppress 10 interfering sources.
b™ (¢9)®a" (4 )RR, b(¢,) ®Ra(g,) (4) While the phased array only can suppress 5 interfering sources and the scheme using R, can
Oy H % Hal suppress 7 interfering sources. From Fig. 3, it is seen that when the interfering source number N > 5
SH\R{W =pb (q%)@a (%)R Rmb(¢§))®Ra(¢%) , the SINR level of phased-array radar drops obviously, when N >7, the one of scheme using R
_ _ o . also degrades. In contrast, the schemes using R can suppress the interferences effectively Wlth the
To improve the SINR and consider the SINR level of phased array as an upper limit, a kind of output SINR>32dB and the SINR level using R O.Sp outperforms the others.
more general symmetrical Toeplitz matrix Rpm is proposed as the TCM for the waveform design of
— e .
colocated MIMO radars - 1 M-m M- lyn P s cBE I
M M et
M_m . 307 =< -Rys
Y, 1 : gzs -B--Rinpto] B N
I{_ — ! 14 RpLS
o : . . M, —m (9) 52 R, in [10]
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where O<m<3M/(M +1) is the control parameter to generate difference TCM. Especially, when L Ntmb:rofi:terfe:ing wouces
m=1 R =R when m=2 ,Rpm = sz in [10], and sin((;r/2)Rpl):R2x in [9]. Then following Fig.3. Average SINR level comparison for different number of interfering sources, where

the transmit and receive element number are 6.
characteristics can be proved mathematically.
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For the only noise case without interferences, we have Rl.;l :(IM ®Rpm) :IM ®R;% and the maximum
SINR employing Rpm can be formulated as (6),when the target is assumed to located at ¢0 =0




