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Antenna array design for MIMO radar based on D-optimality
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Abstract: An antenna geometry design method of Multiple-Input Multiple-Output(MIMO) radar based
on D-optimality Criterion(DOBC) is proposed in order to minimize Mean Square Error(MSE) of the
estimations. Firstly, the constraints of DOBC designs are derived; then, the sensitivity properties of the
DOBC designs are analyzed, which are only affected by the separation of the targets and are independent
of the azimuth of targets; the Cramer—Rao Lower Bound(CRLB) of the estimations in the far field condition
is also deduced. DOBC criteria can be looked as the modified CRLB and provides a tighter bound for
performance measure of the Maximum Likelihood Estimate(MLE) algorithm. Simulation results
demonstrate that compared with minimum redundancy arrays and uniform arrays, DOBC designs have
better performance in parameter estimation. Furthermore, it is not restricted by the array aperture. As the
aperture increases, the resolution will be improved and the spurious peaks will become higher at the same
time, which will result in a very large error in the DOA estimation with low SNR. Therefore, an appropriate
aperture must be chosen according to the physical requirements.

Keywords: Multiple-Input Multiple-Output(MIMO) radar; antenna geometry; D-optimality ; sensitivity;
Cramer—Rao Lower Bound(CRLB)
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Tablel Antenna positions of three array designs
number of antennas  uniformarray ~ minimum redundancy array DOBC array
3 0,1,2) 0,1,4) 0,3,4)
4 0,1,2,3) 0,1,4,6) (0,1,5,6)
5 (0,1,2,3,4) (0,1,4,6,13) (0,1,7,12,13)
6 0,1,2,3,4,5) (0,1,4,6,13,21) (0,1,12,19,20,21)
1 - 1
—8&— uniform array —&=—uniform array
o —+— DOBC array 0f —+—DOBC array
—&— minimum redundancy array / —e—minimum redundancy array
b uniform array (theore_tlcal) -1F uniform array (theoretical)
—_— DQI.BC array (theoretical) ——DOBGC array (theoretical)
ot minimum redundancy -2 minimum redundancy
array theoretical) al array theoretical)
o 3 -~ -CRLB - = -CRLB
o [as]
i o 4
D -4 ]
> g 5 h
|
== -6F
-6f 7k
-7+ -8f
’S L L L L C Il L L L |
-10 -5 0 5 10 15 10 5 0 5 10 15 20
Rsn/dB Rsn/dB

Fig.1 Mean square error of various arrays when M=4

B 1 METTHCh 4 S ST TR

£ 2 A ARSI FLARXT R DOBC N T ¥ Mo
Table2 Antenna positions of DOBC designs for different apertures

aperture  antenna positions

equivalent antenna positions  variance/dB

12
14
16
18
20
24
26
30
50

(0,1,4,6) (0,1,2,4,5,6,7,8,10,12)
0,1,4,7) 0,1,2,45,7,8,11,14)
(0,1,4,8) (0,1,2,4,5,8,9,12,16)
(0,1,8,9) (0,1,2,8,9,10,16,17,18)
(0,1,8,10) (0,1,2,9,10,11,18,19,20)
(0,1,11,12) (0,1,2,11,12,13,22,23,24)
(0,1,11,13) (0,1,2,11,12,13,14,22,24,26)
(0,1,14,15) (0,1,2,14,15,16,28,29,30)
(0,1,24,25) (0,1,2,24,25,26,48,49,50)

-10.98
-12.18
-15.48
-15.70
-16.18
-16.61
-18.60
-20.71
-22.38

Fig.2 Mean square error of various arrays when M=6
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