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Abstract This paper studies the estimation of the target position and velocity in the passive multiple-input
multiple-output (MIMO) radar, we control the number of illuminator of opportunity selected at the receiver to satisfy
the limited system complexity requirement. The selection variables for the illuminator of opportunity are introduced
into the signal model, based on which, the optimum receiver and the Cramer-Rao bound are derived. With the bound as
a metric, we consider the illuminator of opportunity selection, the receiver deployment and the joint illuminator of
opportunity selection and receiver deployment optimization, which are shown to be the integer, continuous and mix
integer optimization problems respectively. Numerical examples shows that, under the case of limited complexity, all
optimization approaches improve the system estimation performance, while the joint optimization tends to be the best.
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Tab.1 Results by the GA-based joint illuminator of

opportunity selection and receiver deployment algorithm
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X1 opt/M ~464.18 ~3223.07
Y.opt/M ~2942.68 578.49
x;,opt/ m —3223.06 —464.15
Y3 opt/M 578.49 294267
CRB,/m 57.95 7.40
CRB,/m 57.97 7.41
CRB,, /(m-s7") 0.11 0.01

CRB,,/(m-s™") 0.10 0.01




258 W,

sk A

% 38 %

42 HEHERITSHMELT N T

A X AR ST A AL 23 5 U5 B -5 B i A
BICG RTT A AB A A 7y AR S R SR MIMO 38
HARSEUN T RE L0 22 5. A fb Rk, Z &40
AR B P AR 25 2, RO AR AR Es RT3 (17) 1Y
WCRB KAE N 248 HAn 28Ul it Re 5 5. 154
XFE, % LU PN T 2K 1) BEAL e AR 5
Hrd =11,0,1,0,0,0,0,1,1,1,0,01", $22 WA o A3 B 7E (2, ) =
(=203.67,1578.49) m Hl (x,y,) = (7764.32,842.74) m;
2) [ 5 H ALl T A R A R (L) = (203,67,
1578.49) m Fl (x;,y,) = (7 764.32,842.74) m, {i fL ¥ #%
A hrd; 3) [ HERRAR B hd = [1,0,1,0,0,0,0,1,1,1,0,0]",
AR LT3 D LA Ok 1A B 4) [ 8 18R
A5 R d =[1,0,1,0,0,0,0,1,1,1,0,01", #3120l 4T 8 DS
BRI NN, = 10,100, 1 000) % 5. K] 3 hgh i T
R A g S A A S T X R A WCRB, SR T A X
te, AN WCRB Z [RIMS T IH—fbAb 3. 4558 8
N, WG BTTHITERE L T AL 215 IR AR i 2 sl 42 Ui
sl LA B I BE ML BRI 215 IR S B ML A B Ik
uli ] BE 23 B 22 1 R GUMERE. B HE Ll AT AT X
] 25 Bk PO A SBCE NS R, R GEAG T B AR
Uf, 33X A1 2 WA A0 BEAE 34 22 (4 B2 Wl mT A7 X3 P
R AT G I, it — LWk, B8N — ARG
P, HC v AR SR R A L5 L 2 A TR, FEl
STATIX S D = {(x, y)lx € [1 347,-5 3001,y € [7 115,
3211}, WCRB (I AUEZE Hw, =w, =0.5. w, =w, =0,
Kl 4 X T fE iz PG et 5 HA LA T A Y
PERE, AT LA BT A M RR AR BT T

10° =

—_
o
9

IH—4k WCRB
2

_.
o
L

10°°

3 D={(x,y)lx €[-10 000,50 000],y < [-40 000,30 000]},
we =wy =wy, = wy, = 025X EIRIT S HAR
AL A REXT EE
Fig. 3 Estimation performance comparison among the joint
design and other approaches under the configuration of
D ={(x,y)lx € [-10 000,50 0001,y < [-40 000,30 0001},

Wy =Wy =Wy, =Wy, = 0.25

10°
210> \ o
O
=
=
Jn 10
= — HLAEEE SH A R A it
---------- it L 02 L2 5 R K el A
BRI L
PG
10°¢
0 5 10 15 20 25 30

SCNR/dB
4 D= {(x,y)lx €[1347,-5300],y € [7 115,321]},
We = wy = 05w, = w,, = OFFEE AR5 E Al
AL B RERTEL
Fig. 4 Estimation performance comparison among the joint
design and other approaches under the configuration of
D= {(x,y)lx € [1347,-5 300],y € [7 115,321]},

wx =wy=0.5w, = Wy, = 0

5 4

ARSCHESE T 52 A% 32 FR B SR S5 IR MIMO 35
ARG AARS RN R 5I AL F IR AL &, 4
T T ARG RS HAG A KRR CRB, 43 255
VAN R GEX A S BT ERERY WCRB, JF LAy
PR, AR AL 2 5 IR e 5 He Wi A B S B )
R, (AL RE 25— T GA BRI J7 1R ARG Ll A
DU . B A B (5 B SRR W, fE R E AL Z IR
AT OL T, ML R IRIL Tt #% | s oA L AL
SR IR 15 B A ' 5 D0 AL AT RE i vos 1 2
U MIMO 5 B A TR BE, (EHRA LA R et
PERE B4 THRE 1 e E. A SCR Wl al A7 38 R =
BEAE IR, SRS BT ik il KRR B AL
A AL, REAEARAT I 4F A PEREE £ AN SO T
GA SRR 2 (5 TR A O A B R T %
RABR, 58 TR S A L A oR A

SE Rk

[1] GRIFFITHS H D, BAKER C J. An introduction to passive
radar[M]. Artech House, 2017.

[2] HOWLAND P. Passive radar systems[J]. IEE proceedings-
radar, sonar and navigation, 2005, 152(3): 105-106.

[3] HORSTMANN S, RAMIREZ D, SCHREIER P J. Two-
channel passive detection of cyclostationary signals[J].
IEEE transactions on signal processing, 2020, 68: 2340-
2355.

(4] JTRZE, G, HARR, &5 BT 2 AR sl T A0
FLHEIES KRS (1], F k%R, 2020, 9(6): 939-958.
WAN X R, YI J X, ZHAN W J, et al. Research progress
and development trend of the multi-illuminator-based pass-
ive radar[J]. Journal of radars, 2020, 9(6):939-958. (in
Chinese)


https://doi.org/10.1049/ip-rsn:20059064
https://doi.org/10.1049/ip-rsn:20059064
https://doi.org/10.1109/TSP.2020.2981767
https://doi.org/10.12000/JR20143
https://doi.org/10.12000/JR20143

H TR, 5.

S5 4R MIMO & XM A13 R A S 5 Bl sE A 3K A350

259

[18]

TI R, Gy, B, 45, B 3 A A MR SR R A
AT, Hik2#4E, 2014, 3(6): 623-631.

WAN X R, YIJ X, CHENG F, et al. Single frequency net-
work based distributed passive radar technology[J]. Journ-
al of radars, 2014, 3(6): 623-631. (in Chinese)

LIU C, CHEN W. Sparse self-calibration imaging via iter-
ative MAP in FM-based distributed passive radar[J]. IEEE
geoscience and remote sensing letters, 2012, 10(3): 538-
542.

YANG C, NGUYEN T, BLASCH E. Mobile positioning
via fusion of mixed signals of opportunity[J]. TEEE
aerospace and electronic systems magazine, 2014, 29(4):
34-46.

WAN X, YI J, ZHAO Z, et al. Experimental research for
CMMB-based passive radar under a multipath environ-
ment[J]. IEEE transactions on aerospace and electronic
systems, 2014, 50(1): 70-85.

PALMER J, PALUMBO S, SUMMERS A, et al. An over-
view of an illuminator of opportunity passive radar re-
search project and its signal processing research
directions[J]. Digital signal processing, 2011, 21(5): 593-
599.

BILIK I, LONGMAN O, VILLEVAL S, et al. The rise of
radar for autonomous vehicles: signal processing solutions
and future research directions[J]. IEEE signal processing
magazine, 2019, 36(5): 20-31.

HANLE E. Survey of bistatic and multistatic radar[C]// IEE
Proceedings F: Communications, Radar and Signal Pro-
cessing, 1986, 133: 587-595.

INGGS M, GRIFFITHS H, FIORANELLI F, et al. Multi-
static radar: system requirements and experimental valida-
tion[C]// IEEE Radar Conference, 2014: 1-6.
CHERNYAK V S. Fundamentals of multisite radar sys-
tems: multistatic radars and multiradar systems[M]. Rout-
ledge, 2018.

HAIMOVICH A M, BLUM R S, CIMINI L J. MIMO radar
with widely separated antennas[J]. IEEE signal processing
magazine, 2008, 25(1): 116-129.

LI J, STOICA P. MIMO radar with collocated antennas[J].
IEEE signal processing magazine, 2007, 24(5): 106-114.
FISHLER E, HAIMOVICH A, BLUM R S, et al. Spatial
diversity in radars-models and detection performance[J].
IEEE transactions on signal processing, 2006, 54(3): 823-
838.

AITTOMAKI T, KOIVUNEN V. Performance of MIMO
radar with angular diversity under swerling scattering mod-
els[J]. IEEE journal of selected topics in signal processing,
2010,4(1): 101-114.

GODRICH H, HAIMOVICH A M, BLUM R S. Target loc-

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[29]

[30]

[31]

[32]

alization accuracy gain in MIMO radar-based systems[J].
IEEE transactions on information theory, 2010, 56(6):
2783-2803.

HE Q, BLUM R S, GODRICH H, et al. Target velocity es-
timation and antenna placement for MIMO radar with
widely separated antennas [J]. IEEE journal of selected top-
ics in signal processing, 2010, 4(1): 79-100.

HE Q, BLUM R S, HAIMOVICH A M. Noncoherent
MIMO radar for location and velocity estimation: more an-
tennas means better performance[J]. IEEE transactions on
signal processing, 2010, 58(7): 3661-3680.

HACK D E, PATTON L K, HIMED B, et al. Centralized
passive MIMO radar detection without direct-path refer-
ence signals[J]. IEEE transactions on signal processing,
2014, 62(11):3013-3023.

HACK D E, PATTON L K, HIMED B, et al. Detection in
passive MIMO radar networks[J]. IEEE transactions on
signal processing, 2014, 62(11):2999-3012.

HE Q, BLUM R S. The significant gains from optimally
processed multiple signals of opportunity and multiple re-
ceive stations in passive radar[J]. IEEE signal processing
letters, 2014, 21(2): 180-184.

HEATH R W, PAULRAJ A. Antenna selection for spatial
multiplexing systems based on minimum error rate[C]//
IEEE International Conference on Communications Confer-
ence Record, 2001, 7: 2276-2280.

LI Y, HE Q, BLUM R S. Limited-complexity receiver
design for passive/active MIMO radar detection[J]. IEEE
transactions on signal processing, 2019: 3258-3271.
AKHTAR J. Antenna selection for MIMO radar transmit-
ters[C]// IEEE Radar Conference, 2011: 18-21.

GODRICH H, PETROPULU A P, POOR H V. Sensor se-
lection in distributed multiple-radar architectures for local-
ization: a knapsack problem formulation[J]. IEEE transac-
tions on signal processing, 2012, 60(1): 247-260.

SUN B, CHEN H, YANG D, et al. Antenna selection and
placement analysis of MIMO radar networks for target loc-
alization[J]. International journal of distributed sensor net-
works, 2014, 10(5): 769404,

YI1J, WAN X, LEUNG H, et al. Joint placement of trans-
mitters and receivers for distributed MIMO radars[J]. IEEE
transactions on aerospace and electronic systems, 2017,
53(1): 122-134.

CHEPURI S P, LEUS G. Continuous sensor placement[J].
IEEE signal processing letters, 2015, 22(5): 544-548.

VAN TREES H L. Detection, estimation, and modulation
theory, part I: detection, estimation, and linear modulation
theory[M]. John Wiley & Sons, 2004.

VAN TREES H L. Detection, estimation, and modulation


https://doi.org/10.12000/JR14156
https://doi.org/10.12000/JR14156
https://doi.org/10.12000/JR14156
https://doi.org/10.1109/MAES.2013.130105
https://doi.org/10.1109/MAES.2013.130105
https://doi.org/10.1109/TAES.2013.120737
https://doi.org/10.1109/TAES.2013.120737
https://doi.org/10.1016/j.dsp.2011.01.002
https://doi.org/10.1109/MSP.2019.2926573
https://doi.org/10.1109/MSP.2019.2926573
https://doi.org/10.1109/MSP.2008.4408448
https://doi.org/10.1109/MSP.2008.4408448
https://doi.org/10.1109/MSP.2007.904812
https://doi.org/10.1109/TSP.2005.862813
https://doi.org/10.1109/JSTSP.2009.2038971
https://doi.org/10.1109/TIT.2010.2046246
https://doi.org/10.1109/JSTSP.2009.2038974
https://doi.org/10.1109/JSTSP.2009.2038974
https://doi.org/10.1109/JSTSP.2009.2038974
https://doi.org/10.1109/TSP.2010.2044613
https://doi.org/10.1109/TSP.2010.2044613
https://doi.org/10.1109/TSP.2014.2320462
https://doi.org/10.1109/TSP.2014.2319776
https://doi.org/10.1109/TSP.2014.2319776
https://doi.org/10.1109/LSP.2013.2296369
https://doi.org/10.1109/LSP.2013.2296369
https://doi.org/10.1109/TSP.2011.2170170
https://doi.org/10.1109/TSP.2011.2170170
https://doi.org/10.1109/TSP.2011.2170170
https://doi.org/10.1155/2014/769404
https://doi.org/10.1155/2014/769404
https://doi.org/10.1155/2014/769404
https://doi.org/10.1109/TAES.2017.2649338
https://doi.org/10.1109/TAES.2017.2649338
https://doi.org/10.1109/LSP.2014.2363731

260 ok A F OF R % 38 %
theory, part III: radar-sonar processing and gaussian signals [40] BERGER C R, DEMISSIE B, HECKENBACH J, et al. Sig-
in noise[M]. John Wiley & Sons, 2004. nal processing for passive radar wusing OFDM

[33] KAY S M. Fundamentals of statistical signal processing: waveforms[J]. IEEE journal of selected topics in signal
estimation theory[M]. Prentice Hall PTR, 1993. processing, 2010, 4(1): 226-238.

[34] RARDIN R L. Optimization in operations research[M].

Prentice Hall Upper Saddle River, 1998, 166. EZEA
[35] WHITLEY D. A genetic algorithm tutorial[J]. Statistics . . .
q fing. 1994, 4(2): 65-85 FERE (1988—), B, ) BA, & FHEKXEF
and computing, ) : 65-85. R - e o en e gk o RN .
ol e oy, FAESEE I ARE R L IR T
athWorks. How the genetic algorithm works . . 2 s . .
& & MIMO & £ % 4 4% #+ 2 4 . E-mail: Iwang.scholar@
[2022-03-11]. https://www.mathworks.com/help/gads/how- .
‘ ‘ gmail.com
the-genetic-algorithm-works.html.

[37] MathWorks. Solve a mixed-integer engineering design M3 (1982 ). 4. Wl AL & FA 3% & 243
problem using the genetic algorithm[EB/OL]. [2022-03-11]. 85845 T2 2 s, AT L AR 38 4 42 B AL
https://www.mathworks.com/help/gads/solving-a-mixed-in- AR AR AL, MBI, ALE
teger-engineering-design-problem-using-the-genetic-al- Fik . @4z, ES P65 A, E-mail: qianhe@uestc.
gorithm. html. edu.cn

[38] AHMED F G. PyGAD: Python genetic algorithm[EB/OL].

[2022-04-08]. https://pygad.readthedocs.io/en/latest/ =L (1975—), B, m Il A, & FHHE K%

[39] TANDK, SUN H, LU Y, et al. Passive radar using global

system for mobile communication signal: theory, imple-
mentation and measurements[J]. IEE proceedings:radar,

sonar and navigation, 2005, 152(3): 116-123.

F8 5815 TRFRHIR, AR H @A EIE 5L
#2. E-mail: hyli@uestc.edu.cn


https://www.mathworks.com/help/gads/how-the-genetic-algorithm-works.html
https://www.mathworks.com/help/gads/how-the-genetic-algorithm-works.html
https://www.mathworks.com/help/gads/solving-a-mixed-integer-engineering-design-problem-using-the-genetic-algorithm.html
https://www.mathworks.com/help/gads/solving-a-mixed-integer-engineering-design-problem-using-the-genetic-algorithm.html
https://www.mathworks.com/help/gads/solving-a-mixed-integer-engineering-design-problem-using-the-genetic-algorithm.html
https://www.mathworks.com/help/gads/solving-a-mixed-integer-engineering-design-problem-using-the-genetic-algorithm.html
https://www.mathworks.com/help/gads/solving-a-mixed-integer-engineering-design-problem-using-the-genetic-algorithm.html
https://pygad.readthedocs.io/en/latest/
https://doi.org/10.1049/ip-rsn:20055038
https://doi.org/10.1049/ip-rsn:20055038
https://doi.org/10.1109/JSTSP.2009.2038977
https://doi.org/10.1109/JSTSP.2009.2038977

	引　言
	1 接收信号模型
	2 复杂度受限的ML估计及CRB
	3 机会信源选择与接收站布置联合设计
	4 数值仿真实验
	4.1 联合设计的结果
	4.2 联合设计与其他优化方式性能对比

	5 结　论
	参考文献



