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Range-spread target detection in KK-distributed clutter
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Abstract; Aiming at the range-spread target detection problem in KK-distributed heavy-tailed radar clutter, the KK-distributed radar clutter

was taken as a spherically invariant random vector. The Neyman-Pearson optimal integrator for the range-spread target detection with known target

amplitude was derived firstly. Then by replacing the ideal target amplitude with the maximum likelihood estimates, the detector model in

generalized likelihood ratio test (GLRT) was obtained. Both of the detectors are dependent on the modified Bessel function of the second kind,

which makes the detectors computationally complicated, so a suboptimal generalized likelihood ratio detector based on order statistics ( OS — GLRT)

was proposed. The OS — GLRT takes some range unit echoes with largest amplitude in detection window as target echoes. The performance

assessment conducted by Monte Carlo simulation validates that: the optimal integrator and GLRT have better performance, however, they are hard

to applied, and the OS — GLRT is a more practical detector.

Key words: range-spread target detection; generalized likelihood ratio test; spherically invariant random variables; KK distribution;

order statistics

xR B K, b (] e B B —
WRUR GBS PR Z N R Hbr o BEF 20 B 18
BRI R E , HAR B 2458 UM DB 2 T A
] A [ B FoC T A T R YT H AR
SRIT R B INFREAR T 3RS SO0 I 2 )
IR, AELR) R H A B 20 BB AN [ ) B
B BT LMEGER R R AL Tk 5 0 A
FHEAR [l BE R, DT I ORI BE A T Rt

UTARSR, B AN R 28 B A 1 5 R Y R H
Pl ), EAA ADIETE, IFRE] T — L2172

«  UWeFSEHE 2013 —12 - 11

EEWA : }R QAR ERE R I A (61471370,61002022)

RORINEE T o = e 5T 099 EARAI 2
SRR ARG I B G i SR O R 2 R T
s SCrk 2 ] i S Bt 1 s i e R A R i i
PELA B RA AL A 4, B3 5E T 47 Je H AR I 1Y
PRI LA ; SCHR L3 ] B0 B 831 2% FE & A Y e 7
MR NP R H ARSI (] AT 7858, $8 0 T
ST A AL BN L/N BRI 2§, 48 = 4y
BEER IR AT DL 25 s A I 1 s SClk (4 42 i T
— IR S A T SO AR B A B ( Generalized
Likelihood Ratio Test, GLRT) J5 72 DL fif e 2 5y 19 I

TEER AN 40 (1984—) 3 i dEF il E A, -1, E-mail : buaagaoyz@ sina. com;
TR GEEER) 5, #8444 901, E-mail : kermitwjw@ 139. com



o1 4]

A, A KK A 2% 5T O BE B4 e H AAs I 512 - 119 -

R TP B bR AR I [R) e, 32 75wk R i 2
R FNHERRE Sy, (B ALE T AHA M 7R A A

TE R A PR E AR AR 2 F T, IR TR
F B AN TR I AR R AR T AR B T R
J& HAna il © 2 SO FE i . SClik[ 6 — 12 ] B
FET K 0 A 22075 5 T I H An A i 48 12
W K 3 A BB PO AR B B A e , AT LA AL
REAVR Eh 20 2B 1 D1 2 7% ek A0 i 1 A6 DN 857 i
SIATMERE o JE I HARHCH O B R BT
FRERBLE, 1T LR E s K g e et . &
X T PN A TR T A5 BE B B 0T SR 1 B 5 4
JR7 IR, SCHRLO — 11 WSS T 3 TR e v Y
R Bk Ot 1 A S50 B SRR i e R T
Pio SCERL12 ] EH T K AR5 14
Ji& A ARAIN AR, O J 5 0 B T A5 3] 1 — S84y
#i HYZ51E . SCHR[ 13 — 14 ] BT Pareto 2% 73 A
BEHIGESE 53 A 0T HE 7 S5 D0 AG 0 45  GLRT A6 ]
5 UL M B 4k DC BE 7% 3% 4% ( Whitening Matched
Filter, WMF ) £ #5554 Ji& H AR BRI 3305 . KK
S A B e Ay A AL A A I e T
11T ELAE B 20 B T A A T A A e A
SCERL 17 J0FSE 1 KK 20 A 2R 5 Y 5 B ARk
D)L, JE4 T SR DA I B8 254 o 2k I 25 &
5 H b 18138 R B2 © RN 454, AR 9% Neyman —
Pearson {EN] , F| ISR R B0 4R 15 o 0L TEAH
[FI{Z 2% . (Signal Clutter Ratio, SCR) Fil i 2 fif 2
ZRME T 5 SRR LA B8 A WME AR HE n L3RS
S v RS IR 38, E 7 R R B A 3 2 T A
ITBRFf A 15 2% te A2tk A2 4k . SRk [ 18 1
DUFEIR BRI AR R 2, 4 1 — R R AL i A
IR, AR T AR S i

1 KK 4%

KK 73 15 & — MR & 20 A B8, R i
Bragg/ whitecap HUF H L 5 18 SR W8 B rpO 1 il
MK 3, B

- b . b7x
Sf(x;0,0) =T ()20 A" Kr—l(ﬁ)a
x=0,v=0,b=0 (1)
Horr v HIIRSEL b ARESEK, (- ) FoR
W ECh v =1 95 8B 1E DL ZE IR pR Bk, 5 PR
O3 2P IAGR AN, AT AR 2 KK 4347 i HE =
W BN
S (x) = (1 =ko)fi (x50,,b,) +kofs (x50,,0,)
(2)
Horr, f (s ,00) 5 f (50,,0,) 53 578 2 880m)

54 0, =(v,,b,) 5 0, = (v,,b,) 19 K J3A13, 53551
WRZ Ky ar RS K, St kg RIS AR
RGBT, ko (EBOK, R 28 B 2R 18 7y
AR, IR ko =0, 0] KK 73 A B AL O i — 1 K
oMo 5 KA p A e, KK 23 Ai A ] USRS
M5 AR B ARV 1T ELBAT P45 1 28 3, 116
PR AT A A I A0k 1 A S B A o
HA T8 A3 A

2 [k

i B B AR N ASA T kop e P Hw
i ) R AE A ik vp A K SR B 0T 2, (b =
1,2, K) HR T B bR & B AEAE R [R) @, 2006 B
ISP TS B, (N5 2RI TR AR, LA
(Al AT LAZR R -

H,:z, =c,, k=12, K+R

{H {zk:akp+ck, k=12, K (3)

Yz, =c,, k=K+1, K+R

Ao, BRESEEE;p = (1, 0, &P,
SN FORE S S AR, Hdh, ()T FoR
B fy FRoN A K i 2 TR) ) ED 345 S A AL 22 5
W e,p FREEES BT kN HAREU S N AT
Wk p B A5 5 s K o HARPT o5 FEBS BT8R
FORA T BB R OTEL

W e IR AR B S A S kA

BEES R T N Qe & ¢, AT LARIR R
c,=7, ., k=1, K+R (4)
ﬁq”,m = [’ﬂk(l ) ,m(2) 7"',7lk(N) ]T FRE
6, 3 — 1kt Jy 2256 B R 3 19 & w5 30 bl AL A8
i, Jf
3 =Elgm't, k=1,K+R (5)
Hop, ()" FoRHEEEE . 7, RGN
FHF R A ) 8 785 2 0 A6 0 2% O T 2R K 14 e
R, FCHEA A 2 s BN f, (1) o RIS M B A
AN[R) B PR 2 [B) AH Bk N7, X KK 43 A 2%
WA
f(r) = (1 —hy)

2y -1 - b2r/4

_— 1Y 4
22171—11-1(1)1 )T
k b;m Zz-z—le —bgfi/ét (6)
0 221}2_11_‘(112)

TEVFZAROL T, BAREUR O URE 5 98 K
ABEES E T A —E 23, HAL UM O i
LTINS 3 R R N R N 2 (P73 3 U T
TSR I 7 A A7 AE 1 JCCC (RN 35 H AR
AU ORI o) BT RUR, 25 DR 1 15



$120- W By B K 2 %37 %
KT A0, For g BT O EER . ISR
ﬁ%%,,ﬁ\*’?ﬁ?]i“%ﬂ?aﬁ?ﬁﬁﬁﬂtﬁbﬁiﬁao )\opl = zln(h(’((h(k)))_ Zln(h(‘(Q()(k)))
FrLh, 50 (3) A B 56 ] AT LA 16 A k=8 ke
H,:z, =c,, ke@] (14)
{H] 2 map e, he®, (7 AR AIER 275
3 et Koo Z Con (15)

R IH— e Uy T ZZ5E M 3 5 m K& p B
%D,Zk“f € @J) 1E H, 1 H, B T BB & 2144
B B R N

_ c q:(k)
kgf(zk‘Tk’ak’Hi) _kgyn-iN‘Z‘eXp[ - Ti 1,
i1=0,1

(8)

Hrp gy (k) =23 "2,,q,(k) = (2, —,p) "3 7" (3,

—ap), | - [FREATHI, ¢ J& PDF 15—k %

o Wz, (ke @) P RET IR N
Hf(z;f‘ak9Hi) = HET{f(Zk‘Tk,aksH,:H

ke®y ke®j
=TI | Sz lmsa ) - () dr,
ke@; 70
- (k)
| g L2 P P
ke®; "0 T ‘Z‘ Tk

(9)

é\
he(p) = [ Svewl= BT - f(r)dne (10)
X T KK 4105, 58(6) fR AR (10) T

N+vy (v -N)/2
P
hc(p>:(1—k0)171< (bl\/;)-'r

r(Ul )21;1+N—1 N-vy

b;\’-ﬂ,z (vp=N)72
oﬁzﬁﬁrﬁmz
=X (9) FTLASRIR Ny

kg}f(zk ‘ak JH) =

(byp) (11)

J
‘;‘jkgjh(}<qi(k>>9 i=0,1

(12)
3.1 RMARRKNE

TR AT, BB HARIEE o, (ke ©,) EAI
FHA B W&, 12 0, CHIEAMET, R4
Neyman-Pearson fEN, e U & 02 H, 5 H, M
PR T B s I I S AR Y LU (.l =X

(12) AR LT R
1 heCa, (k))
Ao T k(a0 (8)
5P IBOR B, T A R 0 AR A I 4% F4

(13)

Horb, G, AN TTBR , by B ) i B R B, HL
W {5 2% Lo F AR [ RE AR AN [R] S o0 70
A i AS A T AZ A, AT DL BB B 5 515 21
3.2 GLRT #&iN2§

FESCBRI TR S TAES Serb, H AR o 1]
PRI o, (ke O,) 3 F & A FHY , 78 715 Fiahs o
PEATY R ARSI B, 5 2 e X o (ke 0,) i
it B a, (k e 0)) 7884 ko fa] £ 35 A
AR AEZR P T 220 M TR, GLRT AG: 25 vl L)
T (16) 753,

mixkgjhc(q] (k)) m

A = 26 16
GLRT ku} h(}(q() ( k) ) H<O GLRT ( )
€0y

/ﬂ\:qj ’GGLRTﬁKj‘m“ l‘] BEO E *ﬁﬁﬁ%ﬁr*“b IEI{BZTI]EE
a, (ke 0,) 1 ALK A T A] LU 3 5 kA
he(q, (k) ) 135, BRI

pnzflzk
= 17
szflp ( )
R (17)ARASK(16) AT RIA3 2] GLRT 4
#r N

Acrr = kzé ln<hc(&1(k)))_ kz@, ln(hc(%(k)))

(18)
o, g, Fm¥ a, A g, FkXAR 2R TTHE
3.3 0OS-GLRT #&i|2&
sAURE IG5 GLRT A & A A 4t 1 23
AT KK 34 28 B P o i (B i S
i) BT, RS b HA AR AT A A
PERE. EURZIER 1) XPIRRRLIN G 2403520
TRABIE DU IR eR R, HE I T R B AR 2)
A5 FAR B AP A B 85 B0 ) S50 7 5 (D
B 0l AR, HEE H b AR AL E 5
AR AR A X PR S AR 22 . HARAR
A R AR, JE R S R LR Al 3
IR WLy 7, (ke 0,) , 7] LIk g
IEDVIE IR R RS A i 384, [R] I 5E T OS 3
1B GLRT Rl Sk ol LIfE— @ B Bl de iy
O BIAHE PRSI RE 5 o
A (8) , 7E 20 KK oA SC8 o & 7, (K

ay



o1 4]

A, A KK A 2% 5T O BE B4 e H AAs I 512 - 121 -

€ 0,) it FrtE 250 T, GLRT il 5 7T LA 32
A (19) 1533,
maxmaxk]l)f(z,f 7, 0, H,) m

I1 2 Goe crpr
max f(zk‘Tk,HO) H<0 0S - GLRT
T keO

(19)
B (8) shATH] 26 T OB & MR 3 B AL ALK
(19), iI7%

Aos—cLrr =

k
maxmax [] %Nexp[ _C]1(2 )]
T a keOy Tk‘ T
Aos_cLrr = 1 q (k) (20)
max [ —yexp[ - 0 —1]
T keOj T T

¥ XA P o, (ke 0,) BRI A 125 2R
RAS(20) W H, 5 H, T ,7,.(ke 6,) 1k
R THE A

Hy: 7, =5go (k
7o () o)
217Vq1(k)
R (17) 5221 LA (20) , 7T 485) GLRT
ol 2200 Fk 2 h
p"y 7'z,
Aoscor = =20, 3 b - G
(22)
I (22) AT LA L B B % 18 KK 4
SO A R GEHRR T 2 F S08 43 O Al
SR A AR O 1 A5 1 B0 A 0 45 i 5 Sk
[5]th K 4243 F OS - GLRT g4 45 iRt Af 1R,
WRAEE T F1 45 08 1F D SR BB B0, &
B ‘pllz—lzk‘2
TG (03 )
W] 10, T AT 2, 20308 DG R0 0 1 01— fl
T R A AR O G L Y
T 0 2 K A T
B o 4RI, T LR R i D3 O A 1
BT R H AR, MG w, el
]

H:7 =

(23)

Wiy Zwo) = Zwgy = Zwg, (24)
FIHHET J DG W (g (k=1,2,--, J)A[LA
735 08 - GLRT il %y ik 5K

H,

J
Aos_cirr = = 2<N - 1) /Z hl(l - w(k)) zGOS—CLRT
=1

Hy
(25)
HA, Gos e 9 OS — GLRT A6 25 AR T TR

T4 BE 53 T
A7 38 3 Monte-Carlo {5 B J7 ¥ % = Fp KK

=

SRR bR AL AT . i E,
fieis i 3 43 f B Lorentzian R T 58 1% %5 fiF | H
H—A U I 26 H B 3 SR 46 H0OM S 254 i 47 2k
L BV RE 3 05 (i, ) A IeE AT AR
[(3].,=y"7 1<i, j<N - (26)
Horpy FORFP— A R B
AP B syl A (6) A, A RS
¥eH o, =3,0,=2,b, =1,b,=1.5,k =0.2 fj KK
IIATARE . KK 3 Ai A58 2 4000 o 56 TR 1 HEAR
SRR T AT A . EARR
422 F 8 ( Multiple Dominant Scatters, MDS) &
T BT K AN B TR e AR I
HA T EERITAES /&, B EE 5T
w2 WA AH S e (k=1,2,-,])FR
PRSI k iy HAR B sRe R 5 HARTE J 18R
BT SRE R Y L], A SO b 32 R =
AU MDS HARERL, AR B PR &, (k =
1,2, DEWMFE 1 Frr,
F1 TE MDS AW &, &
Tab.1 The values of g, for different MDS Models
BT 1 2 J
BRI 1/ /] 1/] 1/]
B2 0.5 0.5/(J—-1) 0.5/(J-1) 0.5/(J-1)
FERI3 0.9 0.5/(J-1) 0.5/(J-1) 0.5/(J-1)

FFANIE B BAITH) SCR 2 X

SCR=Zp"3"'p (27)
0-(‘

Hef,o? = E(la|?) 35 B AR 173 5h %,
ol =E(|cl?) = 8 ((1 —ky)v, /by + ko, /b7) 75
KK Z&PrF o . KK M AR R pR B 5 2%
PRSI MR Py SR P, (9B
fifte EGTELH, 5% 24 5R Fl Monte-Carlo J5 13142,
ZIEF R A4S — A Py 55 P, i) Monte-
Carlo {)f BIRE 7 2 100/P, 510 000, {Ri% P, =
107 ,K= 12,]=5,N=5, f,=0.4,y=0.99,

B ~3 25 W T = A0 R H AR 28 76 R )
MDS HERI R R P BE 28 . M P ] DL
% 1 96 Al e 7 451 B B B0 R A A B 1, 3
SRR 1 B G I B R, X 5 Sk [S ] o
(9007 L5 SR — B . = ANHGI B R B5 1
R (18) 530(25) hal LI ), Kl ge it 3
TR G 1145 B BT 1 08 1y e Ll X A
W, e H b I AE R S RSB F , ARAE
S R 5 40 A I A5 81 0 3 ARl 0 R ARG
Geit B I, B bR Al B St



<122 - ES I S = o

537 &

THE BN FEATRE 2% EARPE T bR 2l KA I
Mo IR LUA i B A 4% % H AR
(e 5 R 0 A1 A S M B K, 7 v [ 90 E k0 A1

ANEIEJ I A BOR AR 2K o

1 = oo
—e— AN
e FAR

038 i3

061

oA

04r

021

0l 1 1 1 1
-1 0 5, 15 20
&R I/dB

BT AR SR i Rl 1 i £k
Fig.1 Detection performance of the optimal accumulation

detector for different MDS models

0.8

0.6t

oA

041

021

0

& n . . .
10 -5 0 10 15 20

Ta“%kft/dB
P2 GLRT ARGl 75 A6 1 RE £k
Fig.2  Detection performance of the GLRT
detector for different MDS models

A

10 0 5 10 15 2
fE21t/dB
B3OS - GLRT Al & - e ph 2
Fig.3 Detection performance of the OS — GLRT
detector for different MDS models

(14) P LA A & A 6 I 48 T i 2
TERGHA C 0 H A 0] RERE 9 25 0F R AR 21, B
TEVCE RE B BER A 26 F T R RUAG - 1) A T R
Wt {5 2% LE R AP T AR 52 ) R AR TR A5 A% LL 26 1F

AT TBREE A A (] 3 RE B A A2 A i AR
feo W& 4 g5t T B0E BB MR 10 4T,
MDS 5 HIAS [ A 00 [T BR B 1 2% b A P i 2k

10

Wé%&:lz.ﬂ = ' —— A
"‘Q% o -- fERD
G o T3
5
10t o
8
Z a0t
=
32l
30l
40 L
50 . . . . . .
-15 -10 -5 0 5 10 15 20

fE21E/dB
Bl 4w SRS TR 515 e e Rl
Fig.4 Threshold versus SCR of the optimal
accumulation detector

FIEF A [A] MDS #5281 S (0 FR 224600 45 1Y)
BB T AE Hh 26 ( Receiver Operation Curve, ROC)
TEEAE (AN T F7R) B4 25 AR T TR T
ANTR] A5 2% Fe i HL A, DA R AT BLE S A [
MDS LY AN T Bl 15 2% b A phe i 22 Ak Y 3
REAANE] , ERA AT B AR 2= /N T 0dB 1
R TR A (5 2% FE R T s T s TS A= He KT
OdB I, A5 [T BIRFif A 15 A% L R3S R T/ e A
(14) hrT LA S, S DU FR 246 00 28 4 0 4 1 2
41 5 qo WIRRE, AR 7T 171 B B Hh AN Al
WS, q, BEAE A LE A T i e R i), A £
TR IET g, Y-SR 328 ol e KR, DA T 328 8 1 A
TR B 22 HAeTHE BRSO

4 H bR e & 24 5 0 A i, LA MDS B2 R 1
S, S Rk = i g R A [l 45 4% Fe T A
PEREIEAT T HEAL.

1 T o6
—o— R MR RN
GLRTA: I &5
0.8 OS-GLRTH: | 25

e

fE 4k /dB

BlS  =RlkaillasfE MDS RS 1T Bkl 1 g Ho s
Fig.5 Detection performance of the three
detectors in MDS model 1



o1 4]

A, A KK A 2% 5T O BE B4 e H AAs I 512 - 123

MIELS wa] U o AR SRR i 1) A 00
PERER 4F, GLRT kil g3 Z, OS — GLRT £l
el B AR XS B 220 DN = ARG I 2% 1 L BOR
GLRT HG:illa% 15 fe 0 B S M EAH 22 0K,
1M OS — GLRT il #% 5 GLRT A6 'k e AR 22 )
FHXTHE/IN 3 Ui T H A [ 3 B H A T HRG 1 -5 15 X
RN R R A R IR 5K, TS0 B 73 i e T
PEXHREN AL PERE R R /N . 24 H bR [l g
OPARANEI I P 6 X MDS A5 3 1 iy = il
R PEREREST T HEA

1 - y ©
— BERELRNZE g
GLRTA 2% ]

0.8| —&— OS-GLRTH:l%:
o 0.6
oy
=
=
04

0.2

-10 = 0 5 10 15 20

&4 /dB

K6 =G Iigs e MDS BiR 3 TR BRI P BE L
Fig.6 Detection performance of the three
detectors in MDS model 3

I 6 H R LUF i, OS — GLRT A 4% 75 K
VR 2% LG 3 Bl A A 00 P B B -, T B D AR 2
ST 705 A% LE 8 BBl A P R e 22 0 IX 5L
] 0S — GLRT #6; #5% 32 H b 191 ¢ B 5 73 A1 1) 5%
Wi fge /1N, BAT B AR 2

2 hANH T AR TN Bk 75 4T 10 000 TR
Monte-Carlo {j5 ELSL 50 77 B AR H]

x2 =HRVNEZSITHE
Tab.2 Runtime of the three detectors for 10000 trials

LSRK=RR ST ) W AY - GLRT 0S - GLRT
TR/ s 34.4354 40.34 12.94

MFEF AT LA ), 0S — GLRT £l #5 X A
T BT REE 2R BIE A DL ZEJR BREL, TR R AR/,
T LI T (8] f J 5 1 GLRT A6z il #45% R hy 5 22
Xof i £ BRr pEAT A, BT LAas A7 N e Ee de A
RIS A, % EH] H bR e R AR A
TG A8 B e A K0 AY , 1 GLRT K 3 2 1155
K, LA OS - GLRT Kl 89 %F KK 43 A 44
T BRI A T S

BI7~9 45T 0S — GLRT #6576 2% % —
A Ry PG Ik i 22 T 1 TR0 08 A 5 A v 22

So TR KN AR E AR RE £k
—— y=09

—6— =02

0.8+

0.6

LRl

041

02|

-10 5 0 5 10
{54 /dB

K7 OS — GLRT il #57E -y AN R it R 00 1 A h 2%
Fig.7 Performance of the OS — GLRT detector for different y

—— r,04

—o— /=01

0.8

06}

04}

fomig s

-10 s 0 5 10

fE4=H/dB
K8  OS - GLRT Kl a8 1E fo A1 AOAS I 1 E Hh £k
Fig.8 Performance of the OS — GLRT detector for different f;

1 S
—— N=3 ¢ ?
—&— N=5 /
038 / .
o 06
i
=
=
& o4
0.2
0 o L
10 5 0 5 10

fEHIE/AB
K19 08 — GLRT #il #57E N AN [ i ity Aol 14 BE i &
Fig.9 Performance of the OS — GLRT detector for different N
ME R LA 1, 280y 5, AAexT 0S -
GLRT A& 45 f A5 I P BE 2 Wi R /) , T AR 2R ok
MEZ , 08 — GLRT Al e A 1 RE

5 #Hig

BEX KK Jp A 25015 57 T A3 & F AR A 1)
UEITITTE , S XS i 1 B O AR SR 2 |
GLRT £l #% 15 OS — GLRT 46 75 = Fift 46 0 55
ko ERUUBR AN 5 A [7] 55 45 0 F A 4 At
L, AL 5 F AR [T e E ) S B £ 8, , B e



124 -

(FE TR SR S AN S

537 &

ZRAF AR T BR B A

HA% L F R [T RE AR AN ]

RS BT R A 0 AT S A T 2 AL 5 GLRT A ) 4 i
A X6F A [ 5 i 1 i AL IR A 345 21, (A
Geit i S S B E D SR R B TR R

0S -

GLRT il #% Z w1 KK 2 80 50 = I 52

THRRIE, P2 R S e S0 o 6 (9 J R DL AR A
TRAEE, TR/ 52 F AR [l BE B 23 A1 52

/N, A28 I — B i 6 R B S B

AN ﬁ

i A S E
2 2 3R ( References)

(1]

(4]

(5]

WRICAL. A5 H sy R ARG Jr ko[ D]. Kb

[ i B2 H AR K2, 2009.

CHEN Yuanzheng. Study on detection method of distributed
target for terminal guidance radar [ D ]. Changsha: National
University of Defense Technology, 2009. (in Chinese)

Van Trees H L. Detection
theory[ M]. New York; Wiley, 1971.

Hughes P K. A high resolution radar detection strategy[ J].

estimation and modulation

IEEE Transactions on Aerospace and Electronic Systems,
1983, 19(5) : 663 —667.

Maio A D, Farina A, Gerlach K. Adaptive detection of range
spread targets with orthogonal rejection[ J]. TEEE Transactions
on Aerospace and Electronic Systems, 2007, 43 (2). 738
-752.

He Y, Jian T, Su F, et al. Novel range-spread target detectors
in non-Gaussian clutter[ J]. IEEE Transactions on Aerospace
and Electronic Systems, 2010, 46(3); 1312 - 1328.
JBUHTIAE, R, A, . A AR BOh R YR H R
EACIE Bl GLRT A4 [ ], Mias 23k, 2013, 34(5):
1140 - 1150.

GU Xinfeng, JIAN Tao, HE You, et al. Recursive asymptotic
GLRT detector of range-spread target in compound Gaussian
clutter[ J]. Acta Aeronautica et Astronautica Sinica, 2013, 34
(5): 1140 = 1150. (in Chinese)

Gerlach K. Spatially distributed target detection in non-
Gaussian clutter [ J ]. IEEE Transactions on Aerospace and
Electronic Systems, 1999, 35(3) : 926 —934.

o, JBUHRGE, W AE AR oE R P B R R H AR
EE A R g (T ], b E B fF B AR, 2013,
43(4) . 488 —501.

HE You, GU Xinfeng, JIAN Tao.
range-spread target detection in non-Gaussian clutter [ J .

2013, 43 (4): 488 -

Adaptive integrator for
Science China: Information Science,
501. (in Chinese)

WA, XA, RIE. —F S FI0F 5 i P
R HARK S (1] W7 515 8540, 2009, 31(10) ; 2488

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

—-2492.
DAI Fengzhou, LIU Hongwei, WU Shunjun.
based detector for range spread target [ J ].
Electronics & Information Technology. 2009, 31(10) ; 2488 -
2492. (in Chinese)
R, Wi, A, S AERITALE ST P ES
PREEARS MG [T]. FAFMR, 2012, 33(5): 648
—-654.
GU Xinfeng, JIAN Tao, HE You,
range-spread target in non-Gaussian clutter [ J].
Astronautics, 2012, 33(5) ;: 648 —654. (in Chinese)
Jian T, He Y, Su F,

spread target in non-Gaussian clutter[ J].

Order-statistic-

Journal of

et al. Two detectors of

Journal of

Cascaded detector for range-
IEEE Transactions
1713 -

et al.

on Aerospace and Electronic Systems, 2012, 48(2) .
1725.

Dong Y. Optimal coherent radar detection in a K-distributed
clutter environment[ J]. IET Radar, Sonar and Navigation,
2012, 6(5): 283 -292.

Weinberg G V. Coherent multi-look radar detection for targets
in Pareto distributed clutter [ R ]. Defence Science and
Technology Organization, 2012.

Weinberg G V. Coherent CFAR detection in compound
EURASIP

Journal on Advances in Signal Processing, 2013 .105.

Dong Y H. Distribution of X-Band high resolution and high

Gaussian clutter with inverse gamma texture [ J].

grazing angle sea clutter [ R ]. Defense Science and
Technology Organization, 2006.

Gao Y, Zhan R, Wan J, CFAR target detection in
ground SAR image based on KK distribution[J].
Electromagnetics Research, 2013, 139, 721 - 742.
Weinberg G V. Coherent multi-look radar detection for targets
in KK-distributed clutter[ J].

Weinberg G V. Suboptimal coherent radar detection in a KK-

et al.

Progress in

Digital Communication, 2012.
distributed clutter environment [ J]. International Scholarly
Research Network Signal Processing, 2012.

Nitzberg R. Effect of a few dominate specular reflectors target
IEEE Transactions on

1978, 14 (4). 670

model upon target detection [ J ].
Aerospace and Electronic Systems,
-673.

e, SRR, BB, A —FPEEESYTR H AR MR AR
Bk, {ZE40EE, 2011, 27(12) ; 1878 — 1883.

GUAN Jian, ZHANG Xiaoli, HUANG Yong,et al. A robust
detection method for range-spread targets [ J ].
27(12) ; 1878 —1883. (in Chinese)

Gini F, Greco M. Covariance matrix estimation for CFAR

Signal
Processing, 2011,
detection in correlated heavy tailed clutter [ J ]. Signal
Processing, 2002, 82(12) . 1847 —1859.

Alfano G, De Maio A, Farina A. Model-based adaptive
detection of range-spread targets[ J]. IEE Proceedings-Radar,
Sonar and Navigation, 2004, 151(1): 2 - 10.



