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Abstract:  Adaptive detection of range-spread target is addressed in compound-Gaussian clutter. Based on the secondary da-
ta, the adaptive modified scatterer density dependent ( AMSDD) detector and the adaptive-dynamic-threshold (ADT) detector are
designed, with the sample covariance matrix (SCM) or the recursive estimation (RE) matrix. The theoretical analyses of constant
false alarm rate (CFAR) show that, the SCM-based detectors only hold the adaptiveness to the clutter covariance matrix structure
(CCMS) , while the RE-based detectors can ensure CFAR to both of CCMS and texture components. The performance assessment
shows that, as for AMSDD and ADT, the RE-based detectors outperform the SCM-based ones, in terms of CFAR properties and de-
tection performance . Moreover, the ADT based on RE performs robustly in the mismatch cases of the expected number of scatterers.

Key words: compound-Gaussian; adaptive detection; range-spread target; sample covariance matrix; covariance matrix esti-

mate

L oa= B FRRK I 88 . T SDD Al 23 2 4 E 1 3 X
IR AR, A B 7640 PO 5 5 S s 1 B L

B 0 B O RS TR I RZ T LB AT IR sk [ S T A IR SR I BE38 , i T I8 1E 1 SDD
B H BRI ) 1 52 3 BOR B 1 T, UM IEAE (MSDD, Modified SDD) K 2% . i 4% MSDD 7 — & R -
RS S AL MO MR AR U — S HIB R ey 7 R PERE, IELLAEA H AR B0 T 56
PR HER AN L, MR 0 PR A HAR IR (e — 3 MR I 2 o T Bl 3E MSDD i1 -k
SOMAEAN R AR 1 B R T R BUIIE A CBE R YT M Soik[6 13— 4548 T 3078 I {E (DT, dynamic thresh-
JEEAR TGRS HARK I DI R 5 ol RS IR R L L A T e~ O3 S e
MBS HARRIN A S BRI R Py 2 B M O B 45 P T 3R , A R S Bk
BB R bR R R B R R M 510 S8 4 0 I 1 i — AL, A% SO T
ERPERRGOUT  FE S HMET HARIE R 10 by I 2 0 M 17 o, 10 TR LY 365 1
BRI TR A IR T ORI4 R T gy HARRIN 2%, NFEIE 00T T A 2819 CFAR
M T B 45,28 B (SDD, scatterer density dependent) [ 5 WeE IF T T EIIIE .

Wik H 31 :2011-06-14; & [7] H 1] :2011-11-16
FETH . EF B RRHFEH4 (No.61102166) ; 1 4 25 TR F B & AR RHIF 3 4



G W

[T X B B N O = B IV Rl 991

2 [ FEiEIA

& N ADFETTHIEN, %7 K MEEHICz,, ¢ =
1o, KOCEEER) LR —A BARfEE S 5. 500 ik
ANEHEHEHPR BB IEEE 2z, e =K+ 1, , K+
R R HEA 5 325008 R 20 A 1 4k 5 397 2 ok
PEYRARTESESE K NEERITHEEE N,
R TR R — R Rt 2 R — R
B A T b 2o HARBUN U7 7 BE B BT 4L A,
FIR ho WA THE. FEVF 205 00, U A% B2 6 B
(), BRRBOR s R S e K AN B T i — &R 4, T i
P HART o BE B T Ry i (E 2] s T E PR
TG RIRAT O BNATAE SR R B 0 R AR Y
iy L RTTAE O, T 1Y BV B N H s 2R AT
W, 25 2 R E R T HU IR B, Fir B fife ke i) A ) ) 51 m]
B LR oo s i A H R R A
tE@,,O

H:z=ap+c, le@ho

A, p = (1,69, 6%, -, VNV NF R E A1)
Foa (O FRREE S HE R e, 0=1, KR
71 BRI AR R0 A2 M
TRl ¢, TR FOR R
=7, M,t=1,,K+R (2)
L, g =000, 9,(2), -, (N T REIE Y 7 2
FEMELE R X B = T R AL ) s SO i o, S
0, AR ST A HE U REHLAS &, FIRAREN 4345 £ . T 1E
FE 1Y Hermitian 75 [F X 7 Rl
X=E{gn",t=1,-,K+R (3)
o (OW SRR I B X WAL EN 1.
R TEF N, X EEA O AW Iy 2548
FE45 4 X i MSDD 1 DT (A e 115 . Hodr, MSDD 1y
LRl R TN Ny

K
Amspp = —2(N=-1) Z In(1 = wy) (4)
I::K—h“+]
ﬁqj’w(k)’kzl

Hy:z,=¢,

(1)

| PHE 2 ‘ :

T(E ) (piEip)’
W F 5, MSDD il 28 U wpy, k=1, , K H15%
K ho MERHE HAREUN BT POTES 0, 2T 3

ZSBELRG DT K25 1O i D50 AR [ 8] 1 i .
DT A6 0 25 15 S0 AR 4l S5 30 Al 11 09 B AR O a5 8K
h, FAFE—BE G R w, 5 6, IEAT A S R
it G R AT by, IR R ME RS SAGTHAY B
PRI s S5 T by 3KAF MSDD 945 0 (59 {1 I

=1,-,K (5)

PEATAEIN . BT R SE AR I SEBR WL 00, SRR,
BEFET Ry 9 MSDD A6 B {51t 2 3 B 3 25 A2 AL Y,
B OR T DT B & FEE. b, DT BRI 4e 14 AT LA

K
Horn'e

Apr= —2(N-1) Z In(1-wg)  (6)
AT (4) 1 MSDD;n%EL , ] A 2250
FELE R A T8 2 A TSR X (5) Hr R M L Se P 5 22

L 2.

5@)\%1% 3
z,=1,. hm Ho
HliwzG, |~ MSDDRIM |~
Siicr s

E1 DTRIENREER
3 KNz BEMENR

ARTOREFE T PR I D7 2 R0 A T J7 vk BE TSI 45
IR I 3 S5 R i) et
3.1 E-T SCM Wy B i& M il 2§

HH TR BE 0 7 22 5 % (SCM, sample covariance ma-
i) S 7 T 5 BCR A ML A TS, B0 L E S 2 R
SCM A HrJr 224 #Jé’ﬂﬁfr Eﬂ

Z, zzh (7)

% R= N, X FERERA ESCMELM%Kﬁ 1 4EA7 S,
SR 2 1E %E 1 Hermitian HY) .

A S VB (4) iy B, TS LT SCM 1 H 3
MSDD #6182 Bk AMSDD-SCM) i) 263520 -

Aamsppsen = —2(N = 1) 2 In(1-w,_seu)  (8)

HAf w, _sonE UNF
‘P ESCMZt
( ZHZ%CMZI) (P ESCMP)
TR BUEW] AMSDD-SCM A8 45 Xt b 5 22 46 [
45k X 1Y CFAR R 78 Ho IRIET , 1T A swsppseu
Gt Rt RS ho K Jw,_sen B G, BV LA UG 43 B
7;11 _send itk
i F7E MSDD h?ﬂ‘ﬂ%ﬁlﬁﬁixifL%x']ijﬁJ{B’(ﬁéiﬂﬁ
B oo, NARMIHE S8, AR YL BB i 4 d =
2 Vp, Hm=2" /7, t=1,", K+ R & EH
WIE e Hy B R, m,,t=1,-+, K+ R 2[R 4y
i (1ID, independent and identically distributed) it Z= 41 {E B
Jr R A B Iy (52 T i o, U o, o T AR
d“ﬁ’lmt 2
(mlz_lﬁl_,}mz)L( dHﬁl_,:d) (10)
Horb 5l BB LS R IBCRFEE T 22568 S, TR
TN

ZSCM -

‘ 2

1 "‘,K (9)

Wy _scm =

77?%]: &)r—SCM:



992 - ' 2012 4F

21 = ( cEE L B12) - erl Azjl cmm (1) 1) RE fili 14 B o

AL, S UG N R, R, %ﬁfﬁ%z% Bw= 5 (%)

XK. AR d AT Household 284", SR Fl — A~ P 25 4 U 1T DT 7E4 % |5 MSDD HLAT — 80k, I8, SR

f d B 1AL ik e, = 1,0, ﬂJiﬁﬁﬂ PRI bIh 7 2 4 M A 7 35 4845 9 158 B ADTadap-

ud= | dll e (12)  tive DT) K1l %8 5 AMSDD 3 545 #H 7] () CFAR ‘¢4 . 1

L x,=Um,,t=1,,K+ R0 w,_sou®]  FZ, 3T SCM [ ADT Kzl #5 (ADT-SCM) HXF 4% %t

. | ell%; |2 J5 ZEN A AR S CRAR A, 1 ECAG: T 13 (B 47% 3% 5] 2% 9 2y

IR o= ) (oSl P AR BRI R T T RE 6 ADT W5 (ADT-

Hep, 2, = U8, U". RE) X} 2% 7 B 75 2 0 o 245 4 A 0 8L 4y 1 5 2L H 38

T UME, M52 X, Wik 22,%?.}&52 ¥
KM H A U XL x,e=1,,K+ R
G R A AT 520, 76 Hy X T, x,, 6 =1,
K+ RAKSRAE D M FIME P 7 ZH 0 1y E’Jm,ﬂ;ﬁﬁ
Bl (3) AL R Hy BT w, - son 5 B HM T 220
FEZERY X TC %, B X awsppsen MG THRRE S o K R
K, 0=K+1,-,K+RAK, X £ HF CFAR %
PE AT L B, A awsppson W ARSI i o, AR
A CFAR $5PE.
3.2 ET REHBEMNKENE

T AMSDD-SCM A6 5 % 7% i 20 B4 i o, AN HL
A CFAR R A/ N B R B AR T 7 2R3 U s 22
B R 2t A ) 5505 1 (RE, recursive estimation)[”] .1E RE
flittdsd, 8 o, EERRMNFHC S &, X 54
SCHR A R RE A AR A A R Y

) L K+R Nztzlt{
AGHD =T 20 08 (1)
« . NAGi+1)
ERE(l+1>—tr{A(i+l)} (15)

Horf i 20,1, Nyy Ny R A8, ] - | 65 5
{938 , R (15) REAIIE A U S AR B A 390 A A - 2
MR vl Er(i+ D} =l B) = N R
PSR U — Ak SR BE B 2 R R 2 (14)
{939) b Ak, B
E0(0) = > ]ZZTZZ (16)
(B3 — R 10 2 | RE A 128 %0 T 8080 40 5 0 Dy ) 22
S L A 1) 2 3 Y 1, B AE SRR 11 P 283 T 5
iE. B, ) RE R (1) iy X, Al f 3k
RE ff) [ i N7 MSDD 45 0 %% ({7 #X AMSDD-RE ) , H: 46 ]
G AT LR N

| p"Zilz, |2

= — 1- = =
Auwson.g = = 20N = ”;;4 (25 z) (p"ZR!p)
(17)
Horp B FOR &0 N, UGE AR IFEAT I — Ak 5 3RS

Pirk. 57 2L, Ay 22 MY RE f43 1 fC
BARFMEME X, BT75 ADT-RE K I &5 1) 2218 200 -

K .
Zkﬂahml U (19)

A ADTRE =

ﬁﬂlﬂ,:}m%
= -2(N=-Dn(1 - w,_ge),t=1,-,K (20)
HF P T?@J,EEP w,_ RETU%‘%T%
‘pHERE Zx‘z
(ZHERE Zz) (P EREP)
XFFERUE N, AR, K # AMSDD-RE [
R AR 255 G ) R L ) i T 2% 38 A A 2B K TR U
M4 N,— oo i}, RE ¥ AR5 72 (14) OISR By A7
TEEME— BT 6 Tl 8% B G vy WF 52 %
BT X TR RAK, B B9 A& B i BE N RN/
(N +1) B9 i Wishart 434 . R, XF TR P R H,
w, _pefE Ho BB 1T PDF A AR A
R e

=1,-,K (21)

W, _RE =

,0<x<1
(22)
Ho,d=RN/(N+1)-=N+2,g=RN/(N+1) +2;,F,

Sy LA R B = (22) WA, o, E H BT B
#E PDF 7] DIE R R

filx )_Z(N pewlsov ol (1 -eolsv )

(23)
M w, 76 Hy B3% T B W30 A BR 5O
Fi(x) = jo Lo (1= y)dy, x>0 (24)
IR (23) 1 (24) 56 & DA PG 0 W

HE PDFTLJ%%/?%J 1s]

filx )_(k 1), (K AN Fl o)1= F ()18 ()
(25)

20 (19) F150(25) w] ik —2B0F 58 AMSDD-RE 7£ H,

B R Tt e b, DL 2 M o] DL X T8
K R A, AMSDD-RE 14 R B ME 38 5 % Wy 250 45




%5 M fi

Ve S m R U R HAR A 3 D AG 993

RIS 1 Y GETH R TC G, ORUE T K 45+ 1 CFAR
B T B RS, RE Al T2 X K6 00 fi i i S LA
iz B R AN Y. B X (7) AT, SCM Al i a8 i is &
BN 0(4RN?) ;iR ¥EC (14) F1X (16), RE fhi1 85 1912
BN 0(4( N, +1) RN?) 248K RE T8 BA R YL
WCSACH oA A5 B A AR AS Tl A A ) 1 8 114 [] B -5
QR AT LASEZ 1. A S WYY AE N, =3 B, RE 4
THES IR ZE T DL Z s, 25 R 3T AT 2% 5 1 [l L, 5 4
B0 BB Rk I N, =3.
4 TERESHT
AT N CFAR 1 RS 0 4 G W 5 1T X 1 3 o7 Aer
MIZFHEAT T HLE A #T
Db Ze ik U 7 225 R 254 X R I8 B0RE OC 254
HEATEEAR LA i 4750 AT R
[EJi,j:}’liijl,lSi,].SN (26)
o,y FRRARE ) — B A R L
SO oA f R T A @A
filx) = (L/b) e D/ P(L),x =0  (27)
Arp, L RIS S ES G 2R &S MR, L B/, £
PRI i FE A, 2l 25t B 2 AR 5 b R H4 1,
AR — W, A b= 1T K AN B oo ER A 2% I 43
LM EA hy MEEHITAE 50, H— s
TCI 2 RA — A S8R0 5. K BE B o0 N BB
BHITH T BRI RN o, PRI RN o, 0%/
ol JE K ME BTN BT AR A
FFR U s BE B 30T (1 € 0, ) [T I 2228 03K/ hy
2B {E 5 8] ST R AL AR AL AR P, AT
HEE P, #°R F Monte Carlo 17 577 5718 8 T 08/t
A, Bk P, =107
Y AMS 2 HE SURM
SCR = aprE_lp/a% (28)
T SE MR 2% B S0 (RIN [E] 1 L) AN [ 119 B
JrZEF FESS R (BRI B) ) A J7 T8, 43 AMSDD-
SCM A1 AMSDD-RE ¢ CFAR #5:4%:; i T ADT 5 AMSDD
) CFAR FRMEJ2—E0) , X LR FEXT ADT JEFF CFAR 4
PEAHT. B 258 T L=0.1,1 1 ¥ =0,0.9 i} AMSDD-
SCM Fl AMSDD-RE( N, = 3) B K6 1] (5 {1 5 g A 4 1) 56
Z 2k, IR AT AT, AMSDD-SCM %k 4% i B 7 25 4 B 4%
Fy A CFAR $5:1E, 11 AMSDD-RE Xif 4% Pp 7 26 4 [ 45
Fa RN 25 I W 35 EL AT 58 4 1 3 oy R, 3 55 i T 1) B
WhaTEs e —20w.
12K 5k 23 Bt AMSDD-SCM #1 AMSDD-RE 7 i (4 &
o7 0 g A AL SO B R A PR B . 1D 3 28 T AN [R) il By
Hi s B e (R = 16,32, 64) XF I/ ) AMSDD-SCM , AMS-

DD-RE( N, = 3)F1 MSDD [k 14 58 it £& . ¢h [ v] 41, Bl
# R H93 K, AMSDD-SCM Fl AMSDD-RE 8 3¢ i 4% 3t
MSDD. 24 R = 16N =32 i}, AMSDD-SCM #H % F MSDD £
R BE 5 2 © /N F 1dB, M 2% R = 32N = 64 i}, AMS-
DD-SCM H.A7 5 MSDD JL-F- AH [R] i 6 0 1 E. 24 R =
16N =32 i}, AMSDD-RE H-A5 5 MSDD JL-F- AH [a] () A6 il
PERE. 50 4h, LE W SR 1 5 T, 5 AMSDD-SCM AH L,
AMSDD-RE H. 75 55 B iy i S5 o B, HL 76 AH R 4510
AMSDD-RE f 46 14 B8 50 4. 244K, 24 R— o B, AMS-
DD-RE 1 AMSDD-SCM 5 Z#K5- 18 4% A MSDD.

10°

;r o SCM,L=1,y=0 ¢,
= + SCM,L=1,=0.9 \&,
P o SCM,L=0.1,5=0 e,
b | * SCM,L=0.1,y=0.9 \e

——RE,L=1,=0 ¥

- - -RE,L=1,7=0.9
“+RE,L=0.1,y=0
--= RE,L=0.1,=0.9 s
10°L— s s s s
0 10 20 30 40 50 60
Rl i i

B2 K=15,R=6,h=3,N=2,L=0.1,1, y=0,0.96f , AMSDD-SCMA!
AMSDD-RE(N, =3) KKl BIH 5 B B IR R R 2%

1

—o— AMSDD-RE,R=16

- - - AMSDD-RE,R=32

081 —— AMSDD-SCM,R=32 5
"""" AMSDD-SCM,R=64 /

| —— MSDD 2

1=
o

KD,

e
)
T

05 10 15 20 25 30

{574 tLSCR/dB
B3 P =10*K=15h=h=3,R=16,32,64,N=2,L=1,y=08F,
AMSDD-SCM. AMSDD-RE(N,=3)&zMSDDH]
BT RE 2%

ZEa UL LW SE g 45 RO F , X T IS R I g
AMSDD il ADT 2K ifi, 5% H SCM A28 0 L, SR RE
A5 RE (A 28 AR A5 FE 47 (1) CRAR R AR TN 14 RE .

E—2 5y M 5 F RE (19 A 38 A 25 76 B bR S
RNECRBL AT RPERE . AE hog =381 h, =2,3 1)
ZME L, 4 4T MSDD., DT, AMSDD-RE #l ADT-RE
PRI M RE I 2. N H o] LB 24 h, = 2 B, DT Al
ADT-RE ¥4/ F 4H 1% £ MSDD F1 AMSDD-RE #& 1l % ; M
HARECR SN BR BE (A, = 2) B9 ADT-RE £ 2 B8 41T
VERC55F R (h, = 3) 4 MSDD, 30 T AR 4 1 H k.

5 NG

TER A T AR W 5T, 7 SO T i B Bdls A
[R5 223 Al T i, MU e G Rl BEE , BF 5



994 H +

2 2012 4F:

08 .....

06

0.4

KRR,

0.2

20 25 30 35
{574 LLSCR/dB

5 RO 1%
B4 P =10*K=15R=32,h=3,h =2,3,N=2,N.=3,L=1,y=0H,
MSDD. DT. AMSDD-REAIADT-RE [ il % i 2%
THEE Y B AR E 38 A I (] 2, 57 T AMSDD A5
DB L T 2 25 B 9 ADT K00 2%, 3F MBI b 40 H7
THRINER Y CFAR HRME . BF 45 R, 24 R— oo I,
AMSDD F1 ADT #4742 s AH I 1Y) MSDD il DT. X} F H i&
o7 A5 %5 AMSDD A1 ADT > i3, 5 R H SCM 4 11 %% 4H
Ee >R F RE Al TF#5 A8 (45 0 25 2875 56 45 1 CFAR F¢ %
AR P BE, BB BN TR BT LIEZ . 5
Hh, ADT-RE 0 &% 5 AT AR 4 i 6 i 1, FLAE B b it
SR TS I A ARG T 1 RE S 2 W A T S AR R
MSDD.

% 30k

[1] Wehner D R. High-Resolution Radar [ M]. Boston: Artech
House, 1995.

(2] ke, G B, 20T, 55 3k B Sk I 45 fe i % Ak B

(M. st AR A, 1999,

He You, Guan Jian, Peng Ying-ning, et al. Radar Automatic

Detection and Constant False Alarm Processing [ M] . Beijing:

Tsinghua University Press, 1999. (in Chinese)

3 , 55 . AF R A T R BT BRI &% 1) 25 mC A R

GIHT (3] B 724412 ,2010,38(7) : 1478 - 1482.

JIAN Tao, et al. Performance assessment of range-spread target

(3

[

detector for unwanted signal in non-Gaussian clutter [ J]. Acta
Electronica Sinica.2010,38(7) : 1478 — 1482. (in Chinese)
Gerlach K. Spatially distributed target detection in non-Gaussian

—
A~
P

clutter [ J]. IEEE Trans Aerospace and Electronic Systems,
1999,35(3) :926 - 934.

f¥ , 45 AE M 2% M IERY SDD-GLRT BE S i H AR
Rl gs (7] #7241 ,2009,37(12) :2662 - 2667.

JIAN Tao, et al. Modified SDD-GLRT detector for range-
spread targets in non-Gaussian clutter [J]. Acta Electronica
Sinica.2009,37(12) :2662 — 2667 . (in Chinese)

{79 (AL, e, 45 AR R T R T AL T S A B E A B S
P AR EE (1], 72440, 2011,39(1) :59 - 63
JIAN Tao, HE You, SU Feng, et al. Range-spread target detec-
tor with dynamic threshold for non-Gaussian clutter [J]. Acta
Electronica Sinica,2011,39(1) :59 — 63. (in Chinese)

—
n
(Al

—
(=)

[7] Kelly E J. An adaptive detection algorithm [ J] . IEEE Transac-
tions on Aerospace and Electronic Systems, 1986,22(1):115 -
127.

[8] He You, Jian Tao, Su Feng, et al. CFAR assessment of covari-
ance matrix estimators for non-Gaussian clutter [ J]. Science
China: Information Sciences,2010,53(11):2343 - 2351.

[9] Haykin S, Steinhardt A. Adaptive Radar Detection and Estima-
tion [M].New York: Wiley, 1992.

[10] 5K B35 R AT S50 [M]. 6T A K 2E i At

2004 .
Zhang Xianda. Matrix Analysis and Application [ M] . Beijing:
Tsinghua University Press,2004. (in Chinese)

[11] Gini F, Greco M. Covariance matrix estimation for CFAR de-
tection in correlated heavy tailed clutter [ J]. Signal Process-
ing,2002,82(13) : 1847 — 1859.

[12] Pascal F, Chitour Y, Ovarlez J P, et al. Covariance structure
maximum likelihood estimates in compound Gaussian noise:
Existence and algorithm analysis [ J]. IEEE Transactions on
Signal Processing,2008,56(1):34 — 48.

[13] Pascal F, Forster P, Ovarlez J P, et al. Theoretical analysis of
an improved covariance matrix estimator in non-Gaussian
noise [ A]. IEEE International Conference on Acoustics,
Speech and Signal Processing[ C].IEEE,2005.69 — 72.

[14] Pk, 55 Ber T0E [M] . ALt Bl kL, 1992.
Shen Yonghuan, et al. Mathematics Handbook [ M ] . Beijing:
Science Press, 1992. (in Chinese)

[15] Papoulis A, Pillai S U. Probability, Random Variables and

Stochastic Processes [ M ].New York: McGraw-Hill,2002.

EEEN

B F 55,1980 4F 8 A HAEF#IILKIT,
IR A S AR A B g, B R R T
]y T AR SR 5 (55 A0 B, R AE 5 A0 3
BRRIE S AL AR T 1R P B B RS .

E-mail : iamjiantao @ yahoo . com. cn

7 B B 1977 4 5 A AT INEREEL,
BRI B A TR BRI, 4 R BRI Oy
AR A SIS E 540 B HARIR RS



