513 B4 2 ] = FOTOR K o MOARRREERD Vol. 13 No.2
2012 4F 4 H JOURNAL OF AIR FORCE ENGINEERING UNIVERSITY (NATURAL SCIENCE EDITION) Apr.2012

# 1

AEEHEEES N HSH
M EEE —IERNERE D

FHE, AXK, T #, W K
(TR BRVE =5 ,713800)

BE AXEHEGHELrATORESHRE T EEHR N LM RETETAHA AN ELS
DPHSBENEEWN G R, N L ERES 2K (MUSIC) £ 4% % &5 4 % (MDMU-
SIC) \F A A48 (ML) Ao AuAX F 28 6] (WSF) % # B 5k A L — A2 ok, M2 7 A R H F A J o
HEBEITEE NG — b s R T HEEEI N R E—F R (CRB), B H LR hEK
TEME LN EREAEE I AL L LSRR E TR ER S, B AREN A E M
ZELHMENEL)PREN X—HUEEEARRAHFTASBNEE LI LA RN,

KR AR FLH L S

DOI  10. 3969/j. issn. 1009 —3516. 2012. 02. 008

RESES TN9S7  XEFRIEE A XEHS 1009 -3516(2012)02 -0034 - 05

FAMHEAE AR ™ SR A T AR T R BCH AR Sl & R . R KA A AE T 7]
A M) R B DT T LA — N BOR SR N B LA A bR . 28 (] REZ1 R SE R 2 phy D7 (2 5 1R TS 2R
AR AE IR Y BERG 5 EEY , DRL A — R 25 T 28 I S8 A8 000, T A2 (a3 A B oAt al i A 2 st delrp O
HAE BRI A LR R T AR S A 2o A 2 A PR S B % PR A BT

E TG AT TR R G0, WA B CRESI5 = A 21 AP A g 20 B s (1A TR 52 B2 A i ik
B Z AR AT BT A5 S A0 AR BRI A X — 0 THRA AR SO S oA 7 3
IR LSRG AT T 5T

(N SEIALN U PN Ry Rl
B 15 AR T E AT ol PLERCE) P A FLBR 09 M ALK 565 m YT
FEES

xm(t) = Zg(e})’m>sl1ej217/’lpm +nm(t) (1)
Kes, AR PAMESHIEIRNE /0, 2 P MESBIZE IR 0, (1) S EEF 8280526, ,m) 5 m IR
TP AEER p A~ FARTIT LA 0, BYTT 1] PRI 2 ) 275 Bl .

K

ﬂ%m=;mwﬁ=ZMmT%M_mnmmm) (2)
A530(2) ARAS(1) FRAFIE AR R, U4
X =B(0,/,))S+N (3)

« WA HHE:2011 -10 - 18
E LT . PRiig A ARG R B0 H (20102Q8007 )
PEZ T AU (1978 —) 3B IZRSTEN PRI, AL | 2R AR AR S AL BEBFST
E — mail ; lihongbing1 182004 @ yahoo. com



5523 AR SR T A R S U A MR B RE T 35

HHX = (20 (1) 20 () oo, xn (1) ] M x 1 4E MASBKMAERIORTE,S = (51,5, 50 ] NP x14EPA
B MR ARt N N M x 1 YRR AR 8s , A M x P 4ERK iR BV E (R 5 ) AT RN .

B(e’fd) = [bl(ela dl)9b2(92, ([2),"',bP(eP, rIP)J (4)
2(8,,1) g8,,1) 0 - 0 |
(8,,2)¢" 0 (6,2 0 i
b(6,f,) = = gL ¢ =T(0,)a(f,) (5)
(9 M) 27 (M=1)fy, 0 0 0 g(e M) e.iZTr(M—l)f(]I,

MR AR el DU H | 253 A o T X B A R 5 22 3 P81 A5 5 B0 AR R 18 i R XA T
SRR 5, TR AR Jiqjl_*ffgﬁ?jﬁm@ﬁi%@mmfu B PR S5 TT A K
T E 22300 3 )80 AR e (B A5 T 49 4 A ), RV 255 i AT A — e, 453 T P 1 25 i o 5
TIETES . A A PR T Al R A PR AR [T bk b 048 £ A ) SR A3 (5 A DOA {5 8L

2 AR F IR SRS TR LR Bk K o — R

AR SCRRL 1] PR 2. 3. 2 AT BRAE O T (5 5 oS [a] S5 M s 28 [ A H R, WA
H(sz)Ux—O (6)
T AR 228002 [l A T Sk nT DA SR IR B 3k v, R 45 R Rl R ) B 3k = o e S 5dh o b
() JLFR LAYV A T2
1) ZEGETHZI(MUSIC) gk, ARFER(8) nT1E MUSIC XRS5 0 F1 £, (AR
" (B (0,£) UyUY b(B,f)
(0,f4) =argmin bH(e,f,l)b(e,fd>
KPP, (0,£:) =b(0,£)b" (0,£)/b" (0.£)b(0.£).
2) ZH L EE 5502 (MDMUSIC) B . MDMUSIC ByE%F R AIZH 0 Al £, 9fbith .
(eAfA) —argmaxtr(PB(Gfd)U_gU?) (8)
KA Py (0,£,) =B(0,£,) (B"(6.£)B(6.£,)) 'B"(6.£:),
3) I RMISR (ML) B9 . ML BER RIS 5 0 F £, Al
(GA,fj,) = argmaxtr( Py (0,f,)R) = argmaxtr( P;(0,f,) UAU") (9)
.U = [ U; U\J; [As A,w}o
4) IALF-23 (a4 (WSF) B3 . WSF BLExd R A2 0 £, (fkith
(G,f,,) —drgmdxtr(PB(G,f(,)USWU?) (10)
o WORIBCHE R . AU R T =X
W, =(As —c’I)’As " (11)

=argminlr(Pb((),ﬂl)UwUx) :argmaxtr(Pb(O,fd)([—UNU:')) :argmaxtr(Pb(O,fd)UsU?) (7)

B2 A ) WSF 3809
T REL ik 4 PP Bk B 3R 2 v R S S e B TR R R R S — A g —HESR,
IR

(OA,f;) = argmaxtr(QUWU") (14)

\ . PR o | T ]
LRSI T | A, i |
: =

3 BRI SISE—% FL(CRB)

MUSIC: MUSIC: MUSIC: WEF:

CRB 4 T R SHAMH Iy 2GRN TR, | THlEH || eHG || enlen || eR 6o
R TET 19 4B AT 280, 0 ) 2 % 8 A0 B S A w1 w-I we[ s 0
PR F AR 5 0 £ AR A A TR,
I, A 2P ASREISESE (4351 R P AME IR i B SRR Z R R IUY U

1 P METE g%ﬁ]%ﬁ%) , LS v W Fig. 1 The relationship of algorithms



36 ZETRERFFM( BRFERR) 2012 4F

=[00,0,,,0p S S, fir ] (12)
SRy 2200 —fk M 1, lﬂ&?ﬂiﬁw L ﬁuf‘%@z 5 RIS TR 9 CRB Al T R 3
E[(n-m)(W-m0) ]=CRB=J " (13)
K J R 2P x2P By Fisher 158560, AT /R R .
{J% Je,-d]
T ()

K Joo F A BEAAGTTI; 0, 0 228 R A T AR AR S G TH 0 AR DGR, TR 48 A2 A e
— BN (A R AR R ) WRETH 25 A T oA E’Jﬁ%ﬂﬁﬂ J R TCR AT RIR N
J;= —E(&L./omom) =Ll R™"OR/omR ™" 0R/ 9, (15)
o L, SRR pR T B SRR
KR X, BIREL A
OR/ov; =D.RsB" + BR:D,', D, =9dB/dn, (16)
¥ (16) A (15) , 1115
J; =2LRe(tr(D.RsB"R 'BR:D;'R™") +u(D.RsB"R 'DRB"R™")) (17)
R, R (4) . (5) T 1,

Di=glg={0,---,0,ara(9i)a<ﬂi)’O’W’O}’ i<P
(18)
oB da(fu) .
D—afl { -.0,T(6,) o ,0,--~,0}, i>P

P8 RAK(17) BIRTAS J, , I RISK Fisher {5 B J .

4 PrEIHT

PR BRI R TE R 0, =6° RS EVEME 0 [0,0, ], MkihREdE RAEDHAECH 100,

{iE 1:MUSIC MDMUSIC ML F1 WSF k8L 53R . EAMRE N E o =6 rad/min, Fik A
Sk I AT £ =200 MHz , $594 4 34 Ik Bk 1] Py 4228 20 19 E A 1m0 B K op R (M = 0,/ 0T, T = 1/f) 2h 33
AN RIS L SNR =20 dB, RS G, =35 dB, BadE 1A K 30T, 23 [MA7AE 2 N ARMIT B ARH 5 A f A
JA— AN Orer =2° fir =0.2,0000 =3° fin = =0.2, K2 =5 ZpFIZHI T 4 Rk i # )3
IEALTETE S T

R LA H A L 3 FRARE  MUSIC S48 RIS IRBE ., ILAh 4 FPoR ) £ B i 48 Rk
LB R SRV 57, U A BE A T RS BE A B BT 2 8 A T R EE A BT X
G BRI T I —SU . SR, BT | 3 4 Rl RUEE w0 F bR £ A 0 B R 0 A e T
FIBR A BRI, T LA AN AR S N 2 A EAR, B S s Sy m B S8 T TRk

RS _:_i_
' ‘Il‘uuuu
il

; 0.6 e
=y z"" il ”h Lt I )
Koz "uh |HLU”L',IH "' il i1 "”

0

5 2
= -0.5 ¢
AT HRIE sy AR iy ()
2 MUSIC %4 A BE A 23 3 R B3 MDMUSIC 5924 ff A 22 0 M 4 % o T
Fig.2  Angle and doppler frequency searching Fig.3  Angle and doppler frequency searching

surface of MUSIC algorithm surface of MDMUSIC algorithm



5523 AR SR T A R S U A MR B RE T 37

B—peuEEE . . AR ()

B4 ML SN2 B R i w Bls  WSF 50k i BRI 28 R 1 ol i
Fig.4 Angle and doppler frequency searching Fig.5 Angle and doppler frequency searching
surface of ML algorithm surface of WSF algorithm

P2 .4 P REL R MERE LU . AT B B B9 T4 R4 MUSIC \MDMUSIC ML F1 WSF 5.9
FISEATHEREIE XS Fardr, DF e R E 1, B 6 25 T kg M =33 f5ME LA 0 dB #2254 2 dB
AEALE] 40 dB B4 FEEXT B AR A A2 50R A T RMSE Fifi SNR AR L2k 1 7 45 T 51 Lk 20
dB, K PEN 10 #25K 10 28165 100 B 4 FPEEvEXT B bR A R 25800245 1109 RMSE Bk s 1k
2k HIY 2k 200 ¥R Monte — Carlo SZIG 25 5
H11&l 6.7 1) Monte — Carlo SEEGZE ST LUE . & AR ARSI 2 H AR A A 25 B0 10 = 40 BEAl 3,
HAEZ AR AT PR B2 E T O A Al TR . [RIINF B SNR ANk B0 35 m , RMSE Jati/)s , A3
WEEEIRED . 4 R A AR 22 K/NIFRE 5 MUSIC > MDMUSIC > ML > WSF > CRB, %8 1% ff Ji F1 22
e ST R A T (AR 25 v, EL A 1) o RN 220 S AR (AR - e

10“ ——MSUIC ln-l'
10”
Ew*
107
1 ’ ’ 1 1 1 1 101 1 1 ’ : 1 I 1 I
0 5 10 15 20 25 30 35 40 ¢ 5 10 15 20 25 30 35 40
SNR/dB SNR/dB

K6 4 AL AMIES 28 BT RMSE Bl SNR 22162k
Fig.6 RMSE of angle and doppler frequency versus SNR for the four algorithms

10 —+—MBUIC 10
> c 10
o =i
E :
10"
10-’ 1 L L 1 L L L L ] 10-2 1 L L 1 L L L L 1
10 20 30 40 50 60 70 S0 90 100 10 20 30 40 50 60 70 80 90 100
M M

K7 4 BEER A S 28 8l RMSE BERK s R et £

Fig.7 RMSE of angle and doppler frequency versus the number of pulse for the four algorithms



38 ZETRRRAAR(HARBEAR) 2012 4

5 ZEWE

ASCAE AN AR B A5 SRR R BRSBTS A 7 8 1 2 BES Bl T LR S 2B 1Y
Find, g T IS RA MG —HERL  JFHES TIZEBILM CRB, THAALIT AR R 3 5 nT T IRy
FETF— RS NI ZA H AR, 2688 1 S BRI BRE] , 25T R 0 B BT E 0 T S e Ge a1t R il 7
IEH HARS G TR B B BRAYSE B A E

S 3k ( References ) :

(1] FURE B, 20T, 5. 2 A e SR IM]. duat 3 HRR2  hutt: 2004,
WANG Yongliang, CHEN Hui, PENG Yingning, et al. Theory and algorithm of spatial spectrum estimation [ M]. Beijing:
Tsinghua university press, 2004. (in Chinese)

[2]  Wen —jun Zeng, Xi-lin Li. High — resolution multiple wideband and nonstationary source localization with unknown number
of sources [ J]. IEEE trans on signal processing, 2010, 58(6) ; 3125 —3136.

[3]  Ildar Urazghildiiev, Rolf Ragnarsson ,Anders Rydberg. High — resolution estimation of ranges using multiple — frequency CW
radar [J]. IEEE trans on intelligent transportation systems, 2007, 8(2) : 332 —339.

[4]  BOOHEBRMAF BT, SIAR (R I MIMO 3570 BE5 00T BB 88 @ 23 BEEOR (1], R TR S FHOR,
2010,32(1) :57 - 66.
ZHAO Guanghui, CHEN Baixiao, YANG Xueya. Analysis of angle resolution for monostatics MIMO radar based on SIAR and
super resolution in distance measurement [ J]. Systems engineering and electronics, 2010, 32(1): 57 —=66. (in Chinese)

[5] Raffaella Guida, Antonio lodice,Daniele Riccio. Height retrieval of isolated buildings from single high — resolution SAR images
[J]. IEEE trans on geoscience and remote sensing, 2010, 48(7) : 2967 —2979.

[6]  Alessandra Budillon, Annarita Evangelista,Gilda Schirinzi. Three — dimension SAR focusing from multipass signal using com—
pressive sampling [ J]. IEEE trans on geoscience and remote sensing, 2011, 49(1) ; 488 —499.

[7] Herbert Dropkin, Canh L Y. Superresolution for scanning antenna [ C]//IEEE nation radar conference. New York: IEEE
press, 1997, 306 —308.

[8]  Farina A, Gini F, Greco M. DOA estimation by exploiting the amplitude modulation induced by antenna scanning [ J]. IEEE
trans on aerospace and electronic systems, 2002, 38(4) . 1276 - 1286.

(9] FET7,5KPU)I, O, 2. JET RBF 28B40 R B8 DOA AT I5E[T]. S HE TR0 AR RR,
2010,11(1) : 23 -26.
TONG Ningning, ZHANG Xichuan, WANG Guangming, et al. DOA estimation method for scanning radar based on RBF net—
work [ J]. Journal of air force engineering university ; natural science edition, 2010, 11(1): 23 =26. (in Chinese)

[10] Gini F, Greco M, Verrazzani L. Multiple target detection and estimation by exploiting the amplitude modulation induced by an—

tenna scanning [ R]. Pisa, Italy:Technical report university of Pisa,2002.
(%4t \HT4E)

Unified Frame of High - resolution Parameters Estimation

Algorithms and Simulation for Scanned Radar

LI Hong - bing, LONG Ge —nong, Gong Jian, TIAN Bo
(Missile Institute, Air Force Engineering University, Sanyuan 713800, Shaanxi, China)
Abstract : The application of Direction of arrival (DOA) estimation with antenna arrays in the scanning radar sys—
tem can enhance the precision and differentiated ability, and is of some value. The unified frame of high — resolu—
tion parameter estimation algorithm for scanned radar is proposed based on the research on them. Various typical al—
gorithms, such as MUSIC, MDMUSIC, ML, and WSF, can be consistent with the unified frame. The unified frame
is the universal theoretical basis of high — resolution parameter estimation algorithm for scanned radar. Then, the
Cramer — Rao Bound ( CRB) of these algorithms is deduced. Finally, the performances of these algorithms are
compared through simulation experiments.

Key words :scanned radar; high — resolution ; parameters estimation



