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Low sidelobe transmit antenna design for MIMO radar

MA Xiaofeng TANG Yonghao SHENG Weixing
(School of Electronic and Optical Engineering , Nanjing University of Science

and Technology , Nanjing Jiangsu 210094, China)

Abstract Waveform diversity of MIMO radar provides more degrees of freedom for
transmit beam-pattern design. Firstly, a min-max criterion is proposed for optimi-
zing the correlation matrix of the transmit waveforms to solve the problem of low-
sidelobe and high-gain transmit beanrpattern design under the uniform elemental
power constraint. The constrained optimization problem is then converted into an
unconstrained optimization problem, which can be solved by classical iterative algo-
rithm. Simulation results show that the min-max sidelobe optimization method can
obtain a transmit beamrpattern with flat sidelobe region and lower sidelobe level.
Finally, phase-coded signals are optimized using the cyclic algorithm. The beam-
pattern of designed phase-coded signals matches well with the theoretical results.

Key words low-sidelobe; MIMO radar; min-max criterion; unconstrained optimi-

zation; cyclic algorithm

: 2012-02-29
(No. 90820004)

E-mail: maxiaofeng@njust. edu. cn



1199
2 , (CA)
[3-4] s s 1
(MIMO) M ,
. , MIMO [5-6] s
, m n
o x,(n), O
. M
T"k(ﬂ) — 2e*j(//l*l)7r>in(0k)‘r7”(71) (1)
’ ’ m=1
, x() =[x, 22 (1) s
) .l'M(n):ITv @k
rr12] MIMO ( e(0) = [1 &™) .. ej(M—Unsm(ok)]
MIMO ) (@)
. ri(n) = e () x(n) (2)
MIMO s (H™ o , 0r
. [7]{12] PO = E{| ri() |7}
R = E{e" @) x()x"(n)e(d,)}
’ ° == eH<6}q )Re(gk) (3)
. ’ . ECe) ;s R x (n)
’ R =E{xG)x"(n)} 4D
° [12] ’ s R N
’ . 1 N
o R~ N”Z;xm)xH(n) (5)
, ° (3 , R
s P, o
. “ ”’ R , ,
[12] Hermit . ,
’ 20% ) )
, “ ”» , R
. R [9] 3 R
, C,: R>0
o ’ ’ CZ;R(m,771)=]\jI,m=1,2,---,M
’ c o
R ,
b ’ . R b
s o s (6)



1200 27

R = RO[e(g)e (¢)] (6) (Ccvxy) M,
HEY ’ ’ ’
; R ;3 © €b) ,
Hadamrd . , ,
2. - ’
, (7 ,
’ ’ I:r) b
, DFP
. , R . (91,
: R R s
min{max(e™ (§,)Re(§,)} 6, € & R = 0"Q (8)
subject to eH<01 )Re((%) = 0. 5€H (60)R€((90> ’ Q ’ R
e (0,)Re (0,) = 0.5e"(9,)Re (0,) o
R>0 (7) R s 0
R(?n,m)ZA%,mZI,Z,-'-,M ° ’
0 (M ’ Q= [@219 P31 9
: (90 H (91 (93 —3 @32t SDM,MA]T . R
dB ’ 02_01 5 (D o ‘P . R ‘P y
R(e>.
— M—1 —
1 sinCey ) sinCes)sin(gg) Hsin(gom,,,)
m=1
M—2
cos(gy ) sin(gs )cos(gsz) - Hsin(goMm )cos(@un1)
Q = m=1 (9)
COS(gD;;l) :
sin(epn ) cos(gus )
| cos (e )
s o (1D » Po P, .P,
s - B P, =P,
3 d 1 (12)
o ) P, =P +P,
s (D)
P() == eH(O() )RB(O()) ’
JPl = e"(0,)Re (0, 10 o
Pg = e“((gg )Re(@;) ’
min{ f(@) = max((e" (6)Re(0)) + ’ AS28
‘P07P17P2|} 0/6(P ’
an . Hesse

, Hesse ,



1201

6
o , ) c=1,
, Hesse . o
. i 4.1 R
. 0°, 20°,
DFP , 3 dB 0, =—10°, 6, =10°.
o ®c[—90°,—20°JUL90°, 207]. M =10
Hesse , 1
o (1D , [12] .
Hesse s DFP R [12] “ 7,
. —16. 5 dB,
—17.5 dB .
3 ,
R o0 —20 dB. .
R M =30, 8°,
X. X 10°. 0°
R, ) (6) 10°,
xecv, L z
. 4) X ae
R | -y
X = J/LUR"? (13)
U L XM U'U = D, -
: X «( O, 3
C X, §
: : &
minyec, v | X —VLUR'"? || ? (14) -
[11] cry i -
(4, [15] (BPSK) B —a
(QPSK) R, REE/C)
R , (13) B 1 AR /NAR K S R K RN S K
X R . 14 4448 B 80 75 (5 E 7 e
MIMO
: (117 CA :
. R . 4l
X. CA =
: U( X, X( U) ﬁ-‘-w-
(13), X( U) . ¥
U( X, . (13) T-15p
o [11].[16],
-20
4 -80 -60 -40 -20 0 20 40 60 B0
HE/ (%)
» MIMO B2 S E MRS e

b M?



1202 27
—22 dB, s
5
(6) o
4.2 » MIMO
1 ,
R, s o .
L =64, X 64 X10 ,
3 CA 10 o
, MIMO

¥ |o§
E o
10 20 30 40 50 60 =
- [ 2
< 10
ﬁ-mﬁ VIV AT
= 10 20 30 40 50 60
_ BT S
= 1o
E-m§
® 1020 30 40 30 ¢
A RIS ~
< 10
21-10§
= 10 20 30 40 50 60
15T S5

P g WS
3 M=10
4 X,
b o
, CA X
R.
0
'J/ \\ —&{ER
------- GAH WX
=5t
[==]
-
~—
»
® -10 [ 7
¥ {
|
sy
-15} J
ﬁv..\_“;:,_v-?;-";‘\_ ‘/-';"-_'T"-?:_:/ o=
~20L— " L " 1 L L " N
-80 -60 -40 -20 0 20 40 60 80
fHE/ (%)
4

[1]

[2]

(3]

[4]

[6]

. . 2011, 26(2):
369-375.

LIN Zhigiang, YAO Minli, SHEN Xiaowei. Sidelobe
reduction of the planar antenna with multiple subarrays
based on genetic algorithm[J]. Chinese Journal of Ra-
dio Science, 2011, 26(2): 369-375. (in Chinese)

’ ’

[JJ. » 2008, 23(5): 917
921.
HUANG Fei, SHENG Weixing, MA Xiaofeng. Plane
antenna arrays with randomly staggered subarrays and
its optimal design[J]. Chinese Journal of Radio Sci-
ence, 2008, 23(5): 917-921. (in Chinese)
DEFORD J F, GANDHI O P. Phase-only synthesis of
minimum peak sidelobe patterns for linear and planar
arrays[J]. IEEE Trans on Antennas and Propagation,
1988, 36(2): 191-201.
[l . 2009, 32(5): 52-55.
YAN Qiufei, FAN Guoping, XU Chaoyang. Study of
low side lobe technique with phase-only on linear ar-
rays[J]. Shipboard Electronic Countermeasure, 2009,
32(5): 52-55. (in Chinese)
DAUM F. HUANG J. MIMO radar: snake oil or
good idea [J]. IEEE Aecrospace and Electronic Sys-
tems Magazine, 2009, 24(5); 8-12.
LIJ, STOICA P. MIMO radar with co-located anten-
na: review of some recent work[]J]. IEEE Signal Pro-

cessing Magazine, 2007, 24(5) . 106-114.



1203

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

AITTOMAKI T, KOIVUNEN V. Signal covariance
matrix optimization for transmit beamforming in MI-
MO radars[ C]// The Forty-First Asilomar Conference
on Signals, Systems and Computers. Pacific Grove,
November 4-7, 2007. 182-186.

FUHRMANN D R, ANTONIO G S. Transmit beam~-
forming for MIMO radar systems using signal cross-
correlation[ J]. IEEE Trans on Aerosp Electron Syst,
2008, 44(1): 171-186.

AHMED S, THOMPSON J S, MULGREW B, et al.
Unconstrained synthesis of covariance matrix for MI-
MO radar transmit beampattern[ J]. IEEE Trans on
Signal Processing, 2011, 59(8): 3837-3849.

) s ., . MIMO
Lyl
: , 2009, 36(6):1021-1033.

HU Liangbing, LIU Hongwei, LIU Baochang, et al.
Transmit beampattern matching design and waveform
optimization for MIMO radar[ ] ]. Journal of Xidian
University; Science and Technology, 2009, 36 (6):
1021-1033. (in Chinese)

STOICA P, L1]J, ZHU X. Waveform synthesis for
diversity-based transmit beampattern design [ ] ].
IEEE Trans on Signal Processing, 2008, 56 (6):
2593-2598.

STOICA P, L1J, XIE Y. On probing signal design
for MIMO radar[J]. TEEE Trans on Signal Process-
ing, 2007, 55(8) . 4151-4161..

GERSHMAN A B, SIDIROPOULOS N D. SHAH-
BAZPANAHI M B, et al. Convex optimization based
beamforming[ J]. TEEE signal processing magazine,
2010, 27(3): 62-75.

. s MI-

MO [J. s
2008, 23(6) . 1188-1193.

LIU Yunfo. LIU Zheng, XIE Rong. Transmit pat-

tern synthesis algorithm for MIMO radar based on
newton-like method[J]. Chinese Journal of Radio Sci-
ence, 2008, 23(6): 1188-1193. (in Chinese)

[15]

[16]

AHMED S, THOMPSON ] S, MULGREW B, et
al. Finite alphabet constant-envelope waveform de-
sign for MIMO radar[ J]. TEEE Trans on Signal Pro-
cessing, 2011, 59(11). 5326-5337.

TROPP J A, DHILLON IS, HEATH R W, et al.
Designing structured tight frames via an alternating
projection method [J]. IEEE Trans Inf Theory,

2005, 51(1): 188-209.

(1981 —),
(1988_)9 ’
, MI-
MO o
(19667), [}



