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Abstract:  The performance of some adaptive filterbank spectral esimation (AFSE) methods in the symmetric alpha&gable

noise envirmment is studied. Three new AFSE methods based on the fractional lower order statistics( FLOS) (AFSE. FLOY) are

presented. These new methods are based o the fractional lower arder covariance( FLOC)which are better than the methods based on
second order gatistics( SOS)and first order statistics(FOS) in the alph&sable noise. The simulation shows the new methods based on
FLOS outperforms their respective methods based on SOS and FOS in the alpha shable noise while performs similar to their respec2

tive methods n the Gaussian noise.
Key words:
(FLOS)

(SAR)
(FFT)

( AFSE),
(APES) 1),
(AFMMVSE) | Capon 141, SAR
, stable (5.6
SAR
alpha stable
[7]
ROC. MUSIC,
(FLOM) MUSIC. FLOM.
pha stable

:200Q0215; 1200212220

stable

[7~ 10]

alpha stable digribution; adaptive filterbank spectral egimation method( AFSE) ; fractional lower order statistics

[8]

alpha stable
[12].
, stable
, stable
(2
, alpha2stable( SA)
, SA
R SAR
(31, [13]
(FLOC) ,
stable
al (FLOS) (AFSE. FLOS).
[11] S& , (MVSE)



1236 2008
dispersion(MD) 1) . : G=E[ s (D) s (i- j)] (2)
, Ul [85) s
(AFMMSE) 12 dispearsion(MD) ut u< A9 u o,
(AFMVD). oowm
( FLOC) AFMMSE!? MD (6.7]
,  AFMD. [3] APES , . (2) 2] ,
S& e
, ; [2] , ARMD ,
APES O/R'a
APES( APES. FLOS), APES b= I (3)
a a
031, APES, :
Yo 1 Q3uj 3u 4
Capon'¥ Capon Q= G S 8 (4)
(Capon. FLOS). ,a 8 [2] , (4) forward only
2 , forward2backward (231 forward only
4,
211 S3u4: [S3u4(1) S3u4(2) , S3u4(J_ K+ 1)] (5)
b H b
T s$Ui)=Ld#lda) 1™ dci+ n#ldG+ 1!
[2,3], , d(i+ K- D#ld(i+ K- D[+ T7 (6)
s(i)="[d(i) d(i+D , d(i+K- DIT, @ Hur o w
i=0,1,,.0- K (1) 213 APES FLOS
K L d (i) J APES e,
i (23] , 01,
[2,3] d(i) stable
SA [7~10] APES .
’ , [13, 6]
212 AFMD , APES FLOS
stable , , % _ 1 3ud( iy Sudc
o o C'= T TE S s (7
ARMMSE  (  AFMD) MD ut u< A% u ,
.AFMMSE'?  ARMD
sU()=[d(D)#|d@) 1™ " d(i+ D#ld@+ 1) [ !
’ [ 13, 6] , , d(it K- D#ld(i+ K- D=7 ()
AFMD , i
Q= s™ 0 (1) sy (1) =
dildilul-l(ﬁ dilufl dildilu" ldi*+1|d1+1|u2_1 , dildilu" ldT+K—1|di+K-1|u2-l
di+1|di+1|u'_ ld: diluz_1 di+1|di+1|u‘_ ldi*+1|di+1|uz_1 s di+1|di+1|u‘_ ldﬂi‘H(-1|di+1<-lluz_1

S s
disk 2 | di k. 2| o ld? d; |uz_ :
Ldi+ k- lldi+K- 1|u'_ 'd; |di|uf !

; © . di d(1).

Hemitian s

u- 1 4% u- 1
di+K—2|di+K-2|' di+1|di+1|z >

diee 1 [ die o [ Myl di g [0

s s
dig 2| dikeof "l T [
di+ k- lldi+K- llul_ ld;k+K_ lldi+K. 1|uz'1_

(9
APES. FLOS ;

, c* , FFT
(8).



6 1237
214 Capon. FLOS (8) .  APES. FLOS , APES
APES. H.OS, Capon (4] >
Capon. FLOS. Capon. FLOS &)= d(i)] d(i)| " (11)
APES. FLOS APES
00 l K u, . . 9 9
Clpn= T K 1i:E:; s s () (10) , APES ’
ut u,< A% u u, , stable A
[8] ).
215 [12 14]. [121 , zer@menory
nolinearity( ZMNL) . u=u,= 0
: : [12]
A ,
, [14]). 1(a) ,
APES. FLOS (ARMD  Capon Ss ( A= 112) 1( b)
FLOS ). APES. FLOS I(c)
(7) 5 , FFT I(c) (11) , u= 012.
60 60 3000
(a) BeAT W 7 B4 F (b) TEPE SaSHe A A (c) T B4 Ak B 5 B 455 5 3
s0f s0f B W (a=1.2) 25001 (it SaSWER | a=1.2,u=0.2)
40} 40t 2000
30 30+ 1500
20} 201 1000
10 10 500
00 éO 1OT 15AO 7(% 2:.30 300 00 453 160 15IO 20? 250 300 00 50 100 150 200 250 300
B 1 WEEE R AR
1 stable
0
s (a) AFMD,u,=u,=0.0
, , -0
20+ :
N\ / P
N
PR
-50 /)
frward?backward (231 ,’
20 B e 40 B0 80 100 120 40
, . stable 0 (b) AFMMSE
, [7,10,15]. 10
311 AFMD 2
2 3 , SA
, 2, A= 112; 3, A 019, A 30
=112 ,AFMD AFMMSE 2(a) “©
2(b) A=019 ,AFMD AFMMSE
3(a) by ., 2(a) 3(a) 0
,u= uy= 010. 0 20 40 0 80 100 120 140
2 3 AFMD AFRMMSE 2 fEMtE SaS¥F (=1.2) F , AFMD 1 AFMMSE 45



1238

2008

019, AFMMSE

(@) AFMD,u,=u,=0.0

140

(b) AFMMSE
0 20 410 6l0 8(L) 10‘0 1210 140
B3 fEmtE SaSHE R (a=0.9) F , AFMD H AFMMSE {45 5

60l

4 , SNR=
10dB. wu;=u,=010 wu=u,=012 ,ARMD
4(a) 4(b) . AFMMSE
4(¢) . 4 , AFMD
’ (@) AFMD u,=4,0.0
10
20k

e\
1 @

#\‘\\N _.q:'.
//“'5.* o

o 20 40 60 80 100 120 140

(c) AFMMSE

-30
-40

-50 (8

' 1 'l 1
_600 20 40 60 80 100 120 140

B 4 7€tk e A (SNR=10dB) T , AFMD Al

AFMMSE )45 3
AFMMSE
312 APES. FLOS
5(a) 6(a)
, FFT (8) APES. FLOS
5 6 SA , 5
6 A= 112, A= 019. APES. FLOS
APEY A= 112) 5(a) 5(b)
. APES. FLOS  APES( A= 019)
6(a) 6(b) . 5(a) 6(a) , uy= u,=
010.
, 5 6 APES FLOS SAS
APES . s A 112
019, APES ,  APES. HOS
0
(a) APES_FLOS, u,,u;=0.0
-10
204
-30
40 \
50
20 0 BB i0r 120 740
0
(b) APES
-10
~zo
-30H
40
soft
o 0 720 720

I 1
0 20 40 60 80 100

Bl 5 TEfntE SaSHER (a=1.2) F , APES_FLOS #1 APES 145



6 : 1239

0 e
! (a) APES_FLOS,u,,u,~0.0) (¢) APES
10 -10
-20
-20
30 s
30 I
5
0 40
50 -50
—60 1 1 L
80 2'0 a0 30 o 160 T 140 0 20 40 60 80 100 120 140
. Bl 7 fE#HiH % (SNR=10dB) F , APES_FLOS A
APES 9%
o 7 8
0 _FFT APES. FLOS
_2 -1
FFT . FFT
oy j , FFT
Wl | APES FLOS BT
(LTS APES FLOS 8
-50 -1
0

-60

1 1 11
0 20 40 60 80 100 120 140

B 6 it SaSHER (2=0.9) F , APES_FLOS Fil APES ffj4 i ° VA
7, , SNR= 20 !r.’ :
10dB. APES. FLOS U= w=010  u= =012 A
7(a)  7(b) . APES
7(e) . 7 , APES -0
FLOS APES. w0
0
(@) APES _FLOS, 20 a0 80 80 100 120 140
o o B8 7EftE SoSHE (0=0.9)F ,APES_FLOS % & .
FEME L R | R By 250 B B A BUR M B 5 2258
2 P& B FET SHAE P I 46 e e
| 313  Capon. FLOS
R 9 SAS, A= 019.
4 Capon. FLOS ~ Capon 9(a)
- 9(b) . 9(a) ,ur= u= 010.
10 s SNR =
-60

10dB. U= uz= 010 ur= ux= 012 Capon FLOS
10( a) 10( b) . Capon

0 20 40 60 80 100 120 140

(a) Capon_FLOS,




1240

2008

(b) Capon
60 1 i 1 1 1 1
0 20 40 60 80 100 120 140

B9 7EmtE SaSHE A (a=0.9) F , Capon FLOS Fl Capon ] 45
10( ¢)

9 SA , Capon. FLOS
Gapon. 10 , Capon. FLOS
Capon
0

(a) Capon_FLOS,

0 20 40 60 80 100 120 140

(b) Capon_FLOS,

0 20 40 60 80 100 120 140

(¢) Capon

4 W W
-30 RPN RS2 e
S A ST
A7 C R SIOSS
WK R
PR\

WA
< W"

-40

-50 I

-60 1 1 1 1 L
0 20 40 60 80 100 120 140
B 10 7F # %A (SNR=10dB) F , Capon_FLOS
Ml Capon 145 R

314

0< A< 2 . SAS

[7,9,10 6],

>

4

SAS

stable

[1] Zhaogiang Bi. Relaxatio2 based Methods for SAR Target Fea2
ture Extraction and Image Fomnation[ D]. USA: University of
Florida, 1999.

[2] Erik G Larssion, Petre Stoica, Jian Li. Spectral estimation via
adaptive filterbank methods: A unified analysis and a new alg®2
rithm[J] . Signal Processing, 2002, 82: 1991- 2001.

[3] Jian Li, Petre Stoica. An adaptive filtering approach to spectral
estimation and sAR imaging[J]. IEEE Trans Signal Processing,
1996, 44(6): 1469- 1484.

[ 4] J Capon. Higlresolution frequency wavenumber spectrum

analysis[ J]. Proceedings of the IEEE, 1969, 57(8) : 1408-
1419.

[5] V Anagassopoulos, G A Lampropoulos, A Drosopoulos, M
Rey. High resolution radar clutter statistics[ J]. IEEE Trans
Acrospace and Electronic Systems, 1999, 35(1):43- 60.

[6] P Tsakalides, C L Nikias. Higl2resolution autofocus techniques
for SAR imaging based o fractional lowe2order satistics[J].
IEE Pro@Radar, Sonar Navig, 2001, 148( 5): 267- 276.

[7] Panagiotis Tsakalides, Chrysostomos L Nikias. The robust ca2
variatior2 based MUSIC (ROCMUSIC) algorithm for bearing
estimation in impulsive noise environments[J]. IEEE Trans
Signal Processing, 1996, 44( 7): 1623- 1633.



1241

[8]

[9]

[10]

(]

[12]

[13]

[14]

Tsun@ Hsien Liu, Jerry M Mendel. A subspac&based direction
fnding algorithm using fractional lower arder statigtics|[J].
IEEE Trans Signal Processing, 2001, 49( 8): 1605- 1613.
Min Shao, Chrysostomos L Nikias. Signal processing with fra@
tianal lower order moments: Stable processes and their applic®
tins[J]. Proceedings of the IEEE, 1993, 81( 7) : 986- 1010.
Xinyu Ma, Chysostomos L Nikias. Parameter estimation and
blind channel identification in impulsive signal environments
[J].IEEE Trans Signal Processing, 1995, 43( 12): 2884-
2897.
Marilli Rupi, Panagictis Tsakalides, Enrico Del Re, Chrisosta2
mos L Nikias. Robug spatial filterng of coherent sources for
wreless communications| J]. Signal Processing, 2000, 80: 381
- 396.
Ananthram Swami, Brian Sadler. TDE, DOA and related p&
rameter estimation problems in impulsive noise[ A]. Proceed2
ings of the IEEE Signal Processing Workshop on Highe Order
Statistics[ C]. Banft, Alberta, Canada, 1997.273- 277.
Xinyu Ma, Chrysogomos L Nikias. Joint estimation of time
Delay and frequency delay n impulsive noise using fractional
lower order satistics[ J] . IEEE Trans Signal Processing, 1996,
44(11) : 2669- 2687.
Seong Rag Kim, Adam Efron. Adaptive robust impulse noise

filterng[J]. IEEE Trans Signal Processing, 1995, 43( 8) : 1855
- 1866.

[15] G Samorodnitsky, M S Taqqu. Stable Nor2 Gaussian Random

Processe@ Stochastic Models with Infinte Variance[ M]. New
York: Chapman and Hall, 1994.

, 1972
2005

Geomat ics
, SAR ,
SAR

Bmail: bianyongen@ sohu. com

,1936 >



