Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

— AR REESRE S SRR B B NI S A
K ESR kAR ERE FR#H
A variable-scale S—type kernel fractional low—power adaptive filtering algorithm

Huo Yuan-Lian = Wang Dan-Feng Long Xiao-Qiang Lian Pei-Jun Qi Yong-Feng

5] Fi{# B Citation: Acta Physica Sinica, 70, 158401 (2021) DOI: 10.7498/aps.70.20210075
TEZE [T View online: https:/doi.org/10.7498/aps.70.20210075
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

TRIEAR S A G R i 25 1

An adaptive denoising algorithm for chaotic signals based on collaborative filtering

PIFEAEA. 2018, 67(6): 060501  https://doi.org/10.7498/aps.67.20172470

Jir A s AR A s e A K almanJi8 5 B TR R85
An improved Kalman filter time scale algorithm for atomic clock noise variation

YIFR£4. 2020, 69(17): 170201 https://doi.org/10.7498/aps.69.20191920

HE T ORI e > AR 3 738 A Ak A TR e ] Fy 57 T

Chaotic time series prediction based on brain emotional learning model and self-adaptive genetic algorithm

YIBR2EAf. 2018, 67(8): 080502  hitps://doi.org/10.7498/aps.67.20172104

F T B B AR AR SR AR P TR] P 57 T
Prediction of chaotic time series based on the fractional—order maximum correntropy criterion algorithm

PyFE2EAR. 2018, 67(1): 018401  https:/doi.ore/10.7498/aps.67.20171803

Fhah & SRR A& DG R G Tk

A method of controlling adaptive optical system combined with image restoration technology

WIFRZEAR. 2020, 69(6): 068701  https://doi.org/10.7498/aps.69.20191536

T P EUEDOMAR S 2 BEE SR AT ST L IS 1
Baseline correction algorithm for Raman spectra based on median filtering and un—uniform B-spline

YrHE2E 4. 2020, 69(20): 200701  hitps://doi.org/10.7498/aps.69.20200552


http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.70.20210075
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.67.20172470
https://doi.org/10.7498/aps.69.20191920
https://doi.org/10.7498/aps.67.20172104
https://doi.org/10.7498/aps.67.20171803
https://doi.org/10.7498/aps.69.20191536
https://doi.org/10.7498/aps.69.20200552

#) 32 % 3R Acta Phys. Sin. Vol. 70, No. 15 (2021) 158401

—MERE S BZoNRAREENREEE

KTHE ESRAY

/N Y

#EAY  FAHEY

1) (PUILIBRE R S o TR 2B, 22 730000)
2) (PHALITER AR 5 TR, 22 730000)

(2021 4E 1 A 12 Hig#); 2021 45 3 A 22 B BRI

N T Bk — AR AR L 1 3 R I Tk A AR v S e R P LA (R R BRI R B R, PR T — A
TS Y R B A N A 23 AR U I S 98 300, B R S 8 e S0 ) Al A A AR P MR I 1 i e
) Sfe e M1 5 8000 A T v 5 v R R P R I BB I B R AR, e S 2R R KRS A 20 sUAR OO IR O AU R
BOWEE )5, 183 5178 RUZE DA 7R P 48 1k — 20 3 o Bk O W B3O 58 5 R AR iR 22 PR . O LA SR R WA
AN TR W P PR 1) R e RO o, P 4R B R L Al A 3 8 I AR P RE T

KR A% A ENE L, AR RIER T, REHEBEEN, Sigmoid pR%L

PACS: 84.30.Vn, 05.40.Ca, 02.30.-f

1 g

FIIE 8 M AR F R A [ B L R G
WU (IR U A 3 AR, WLt
AERIRATTE . B2 T R
WOLTE: 5L, 13785 SO P 55 v 5y B 7 A ) A A
AR B AR T A, Bl R A IS A T )
S Y SO T B AR R i e, AR
E[52 e RzIPAE 20 EIRNE BRI/ S) €58 AR AL WAL
ool b T AR S AR AR R B AR IS T — i
AT TR B AREEEA, F USRI
R RARAL 22 IE AL BILge 7 > i R Rt — 24
HET A& NLE B RIOTE, A S0 B
PR AT ) R R S W LA B R L b, 1R
G N P I 0 A — R A,
Ny 52 XU i R MR T R 22 W AE RN — 1k
/N DT URZE BB SR SE PRI ] Hh s T PR B
AHHE R, X —E R BRI T A Gk m

il

* R A IRBRESLA (S 61561044) WEBIRGIEL
t BfE1E#E. E-mail: huoyuanlian@163.com
©2021 HEHEFS Chinese Physical Society

DOI: 10.7498/aps.70.20210075

RE. N T A R SR 1) 3 PR I AL, e 1Y
R R BN A & g B TR OCHE. B
A LA B2 A e e A DL ST (8 7 T e i R
RGN BELEW. T et &S iR E
(mean squared error, MSE) #fE Il X HAK 11582 2%
JERN B2 AR pR A, SR T X AP AE I T 7Y
325 O S AU P T v e A B AR i
WP N BOAR S ARG, RO R SRR
SHEATARR AL B, LIS 5 h B R (B
A, S5 FEFEAT DEBC ORI AL B 1O, A it — B IR &
AU, BT MSE HENI Y 15 A5 7 308 b 5k P R
P R, T ELSE B O A AR e R,
FoP Ao A A (5. BE TR BT,
AR T 1 T DR 22 HE N SEVE AR A R I, At K0
I LAE B A B B AR R H 12, ikt
TREEE R B/ T 01 5832 | 3 ) p Y8 0
VLR /NP2 p DR M SR AR SRR H AN
1k, DB R i e A& RLIE R RE S 2t A
T VORI AL, X [ 3 IR R A AT AR

http://wulixb.iphy.ac.cn

158401-1


http://doi.org/10.7498/aps.70.20210075
mailto:huoyuanlian@163.com
mailto:huoyuanlian@163.com
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 70, No. 15 (2021) 158401

PP MES RN L, MM AE L R S5
TR 1190 1 £ B (i) 7 9] ) 1160 45 52 o 179 I £k
P R) RS S e M 1 3 O 0 R Pk i o ™
TR

BEXFZIRE, 107k RIHEAA PR H AR r R
e EEBIRE ) e T T G SRR L
T A A B I D) b Do 4 25 181 S AR R A% 3 7 D I8
Bk (kernel adaptive filtering, KAF) 1 —Fh&
BB FE L > I AT, TR U KAF &
LMV AE A IR AR RS (B A S, OB R4 [R)
FEf A2 [ FP AR Ry 23 ()24 0 O LAk I e 1%
B8 1A 35 I U I BT T B B A AR AR S A Y Y
KAF 83 i/ 4771525 (kernel least mean
square, KLMS) 5.3k 9 B4 S 82 a0k 2O fnd
1 5 Fe /N e Bk P AR AR IR SeAE LR ME A S R
U A AR AR A e SO e PR PR R P AR 1, [
FERN B APPSR LS (R 7 BB (S k.
o FE S A S —Fh M () S o A RS, BT
F P R rvRp e, HOAE AR R pR ) S sl A L
FHT S, BRI A9HRE P2, Dai 55 29 5853
TR T R o RS MRS A3 A KRR 20 A R I
P TSR p Ju%K (kernel affine projection
p-norm, KAPP) 53k, iz AU sRECH R 2548
XA p R, 24 p = 2 INWE AR R KAP 5k,
M op = 1IEEZ AR/ p % (kernel
least mean square p-power, KLMP) 5 % 4. 3¢
ik [24] #2119 KLMP 83k, FEMFFR MR K
W 32 1 A v 7 R e IR P P P A% 1 0
HkrHERE. 25 Dong %% P9V ¥F KLMP 8.k m )4
KT, $EH TR T BURM G52 22 N BT bk
M P A2 3 IR R R H A IV JE U (kernel fractional
lower power, KFLP) 81k SR W Ik B 48 11 & i
B 5 S M H T KLMSS B3k, Hlfe ik g ™ i
TRE.

h T it AR R AR A A Y R I S AR
o BT M R DL M M S R T B M 7R
R [26] BIIERTT, ASCHE T —Flopr A pREHE
A B R ORI A R Sigmoid b
BHEZEASS &, IF HINA— IR+ N, Bzt
5] R 1 A AR S 5 2 1) 8 4 3t (o 550 T 0 e st
WS B SRS TR 2= MR, [R5 82 &k 1 e il
P XTEEMERE R, 42 T 5T S A pR ARy A8
FOBEAZ 3 AR R H 3G 0 I8 (variable scaling

factor sigmoid kernel fractional lower power
adaptive filtering algorithm, VS-SKFLP) % % %
iE— 20 d i AR IEGHE B SRR AR 22, e
PR T AR E TERE. T S AU pRER AR LM
FVRRE T LA B ik 40D R YIS, 456 &
A LB 7 R g e 5k B R4y
PERE, TEAEZe M R G UUN A [ A7 (0 A R B R
07 FLAE SRR, A SCIRLE HU A B KM S Sk
(kernel maximum correntropy criterion, KMCC).
KLMS 583 | Al KFLP 45 H A [ 3 R 330k 1 1k
AEEEIL.

2 VS-SKFLP & i & 3#

B EAFAE— AR R GBI I, AR RS
WIRAFTE R S LB, H P s A i R
o T R A G X R T R R 22
G R B G R A% E 3 R I R A 2 M B
TR, PAR SO — T 0 AR A oR B
ISR L—A> Sigmoid PR

S =sem(J(e() = 1 oey M)
o, J(e(i)) & —H% A 3 N8 Ik AR R
B, ERRETIREMEE. I (1) AT IF H24E
IR EIE T 0 BFZ AR BB S, A (15 3 I
IMEL; 25 3 A v S R R R, R
SRIGIE G AR iR R S UM REE T 1, X R R AL
Y — fig 35 N 8 D SR AN R S R R —
B PRI, BT PR RO R HE SR PR PR 15 22 v
MDA A SR, 15 L— MU R B
Js(i) = Si (2)
H1 (2) XPTLUE H, 3R SR AR SCRETE I S 2 0
J(e(i)) AR S k. AhE— LA R u
i Mercer! #% w(w, ) VE A FRAE %, 38 H ff
FH P A8 2 S s A%, R R e 17 A%
HA A T2 1) 3 P 45 ) TE PR e, T AA SO
PR AW AE DA, HE LR k(u,v) =
exp(—hllu —o'||*). R B4 5 A5 5 it
A AR BB i 423 1], O BRI Mercer 72 FEAT
PR Y A

rlu,u') =) Gpi(u)pi(u'), 3)
i=1

I, F AR w=[u(n),u(n — 1), -+ ,u(n — L+1)]"

158401-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 70, No. 15 (2021) 158401

AT ARLE PR o WA A 8] U283 A - AR s
[A], SRR o(u) = [o(u(n), o(u(n — 1))
p(u(n — L+ )T, AR (3) 2453 2 o(u(n)
o(u(n)) = k(u,v'), HITHERIES ou(n) = ¢().
STk [25] BOF A AL

J(e(@) = B{|d(i) —w (@)}, 0<p<1, (4)

Horprd(i) IWEAE5, w (@) HIERARAEE, p AU
PRACHHRUC, FF (4) sACA (2) 3, BAS 21 TA
AR R RO

3

1

Js(i) = TT o le@P” (5)
FEACH PRESOCA ] 5w 2K T
L 0Js(@) 98 9J(e(i))
Volsli) = =50" = 370 ow
=S;(1— 51-)M (6)

ow
0J(e(1)) _ 1
Ow ( )\e(i)|17p
R 171 Bl BLASS BT e 2 B i U0 2 AN 1) 275 3]
ARSI A AR
w(i) = w(i — 1) — uVuJs(4),

sgn(e(i)e(i).  (7)

1
Lte le@P

sgn(e(i)) (1), (8)

. . 1
U}(Z) :"w(Z* 1)+ﬂm (1 —

y 1

le(i)'™"

T EBIW @ & — DR 8, RAEfEE R
PRI, Bk KT

PRR PR 56 31158 22 M DU el B8 e Sl Pk AR

T AR A AR S, X SKFLP 391

PEATeE. % iE 3R Sigmoid pREL A IEZE 1 Al

FEEAVIRI ge TR 22 vl AR s Bk i s ek, IR A

7] L3 o 8% Sigmoid PR AY BE R $i e Ak

IS E. JET AT (5) Xl A—ARER

?/\ > 0, %N B R4 S iy BE I 2 B2, IR

4 (5) 2

. 1 1
%WZXiﬁjﬁﬁ’ ©)
2 S 1 + e—Ale(z |7’ A2 (8> BN
’w(l) (Z ]- +,LL —M@( Y|P (]‘ 1_|_e—)\\e(1 >
1
X ngn( e(i))p(4), (10)

1 1
AR RN S —— s T

$%:;Wm%mwxnm&m®ﬁﬁﬁwﬁ¢a
S 1R, WA L TR L T LA
B, AR BB BB T 0 I
SRR, FLAER 2 BT B BT
10, S FEAMB T VR R S (RS 5 R
Wi PR

1.00
0.95 |
0.90 |
0.85 |
0.80 |
0.75 |
0.70 |
0.65 |
0.60 |
0.55 |
O'5(110 7.8 7.6 —'4 7'2 0 2 4'1 é é 10
e(i)

J(w)

- e(i)2
— le(®)]
e(i)!
JE— )\‘e(z)lUQ

BT IR bR Bl £k

Fig. 1. Different cost function curves.

K2 25 0 T AR R 7 X R SR PERERY
SEE. N 2 a] DAFE Y X IR, AC S R R
(EARLANJEBRHIAT . PR DA 7 308 1 P )
JEU 2, A BEAE R 2RI I — R A {ELAE A
JE T R R M T i e WO FE T 24 R 2 A/ N B —
AN N AELA B L P B 14 e 5 ik RS E 1
PRI P B — AR RO N 1 A shi 3

HEIOPERE. TR WBERLL B A e i — R
TN,

1.00 [
0.95F "<
0.90 |
0.85 |
0.80 |
0.75 |
0.70 |
0.65 |
0.60 |
0.55 |
0'5(110 —.8 —.6 ya— 0 5 4 é é 10
e(i)

J(w)

B2 OR[N AR bR 5
Fig. 2. Effect of different A\ values on the cost function.
AR LB A s ROBE D] 12 T A 20 KR
W, DRUESE 2 1 WS AR DL B A3 A5 1% 22 RE 8 [w) i)

158401-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 70, No. 15 (2021)

158401

Tt P I A —FPALl T3k [27] AR K
A% RUBE PR SR, SRARE R 1 T3 ik &
GIEES
Ai) = BAG — 1) + Ju(i
1 1

=15 e
Hpo< B <1, y>0, 8y 2R A6 BH
KA R FRIA A (10) KX fEHH] T VS-
SKFLP Bk AE T Hr A

w(i)=w(i—1)+u

=BG —1) + 11)

1+ e Al

1
x (1 i eA(z‘)e(z‘)v’)

1
———————sgn(e(i))p(i). 12
R E (e(@) (i) (12)

J T UL B 5y P AR B 1L
e BB S, ) 3(a) R 3(b) FF b
LEIEIE v = 0.001 . 504 § L% 5 6 = 0.1, s
3 NI VS-SKFLP 5 124 3 2. MIE 3(a)
AT LI IREE) L F A B 25 8 = 0.1, A HL T/

1.0
0.9}
0.8
0.7
0.6
0.5 Hi
0.4
0.3 F
0.2 iq
0.1

0

' (a) VS-SKFLP
\ — 8=0.10

NMSE

Iteration

1.0

. (b) VS-SKFLP
091 " — y=0.001
0.8f . -—-~v=0.010
o7 \|— v =10.0001
0.6
0.5
0.4
0.3

0.2} "‘( l l I )
0.1F J ‘,, Jh | - I

0

NMSE

N
\

VN A WM
0 200 400 600 800 1000

Iteration

B 3  AFZ%06, 7 F VS-SKFLP Bk Itk (a) 8
BURTFME; (b) v BOR R {H

Fig. 3. Learning curves of VS-SKFLP algorithm with differ-
ent parameters of 3 (a) and v (b).

() B BUEEA e B SIGHE B, A T R R A
B WUE A FARMER AR 2. MK 3(b) iTLUE H,
FEAE I A BUE AR RE IS B 12 S 8OR, 4y BUE R
RO S (IS SIGH R o 0%, 1T IR A/ NS AR A
Farg, HA M~ = 0.001 B 5k RE IR B e, Fr A
FEASCHEL B = 0.1, 4 = 0.001.

3 VS-SKFLP % 3ty & #4047
FIFHREEESFIEOC R, R HTIEH 32 A sk
RE. RAEAE— IR R G
d(i) = wy (i) + v(0), (13)
Horbrwe FRIZA AL R G oA N, v(i) A
TS 2k R 2E T LR N
e(i) = d(i) —w(i — 1) p(i). (14)
¥ (13) 2URA (14) =X, A
e(i) = (i — 1)Tp(i) + v(i)
= e,(1) + v(i), (15)
Horfre,(i) HAEIR IR, w(i—1) = w, —w(i— 1)K
P i 22 45 (10) S PT A] BF U 2% wo 79 31 0 25 119
B

W(i) = w(i—1)—

1 1 1
" + e Ae@)? ( 1+ eMe(i)ﬂ’)
1 g

x WSgn(e(Z))W(Z)a (16)
JE BR 25 0 ep(i) = w(i) (i), (16) AE T 2
JIT LA A TANJE A7) , S PR AU ) 4 — IR
AR BL—NREERY M E, 4 1R UE i R Rk
KXE AR, Z X (16) X Wi FE T L o(i) 15 5]
J g 2E kRIS

ep(i) = eali) — 1

1 1 1
14 e M@ \7 14 e Me@PF
1

Xngn(e(iWW(i),w(i))- (17)
FIIFHAHS G A
ep(i) — eald) _ @(i) —d(i — 1)
K(B(i), (1)) o(i)
1 1
Rl Ers o (1 - w)
1
—————sgn(e(?)), 18
x Me(@.)‘l_psg (e(4)) (18)
1531

158401-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 70, No. 15 (2021)

158401

ep(i) — eali)
ORI MR

% (18) AP —EHCP TR R R R
B [l

(i) =w(i —1) +

= B [l5(i — VI°] + 12E

52 (1—S,)°
CN2e(i) 2%

E [Sm(lgjgzsgpr‘l(e(i))@(i - 1)%(2’)1 -
(20)

R (20) 3, 2 32 00 80 35 9 7 B, OO A

E[llo6)|] < B [Ja6 - 1], i

S2(1— sm)zl

A2e(i)?~%

2

R T PRE > 0, WIAFLE
S’m(l B Sm)Sgn(e(Z))
A ‘e(i)l_p
PRI B e SR B8 3 o0 25 R fh (22) e 2
FESCBRR R TR R 2, — M BT HE.

E

mwﬁwim,

4 BUGTEESERH

AT AEA ST VS-SKFLP 82 f9 4k K%
fE, K H 5 KFLP, KLMS, KMCC 57 %% H Al 4%
3 07 308 D AR A L v M S TR A AR Lk &R
GEUUNASE T AT L. S AR R R —
A n BFZIBEHUE A TS {u(1), w(2), -+, u(N)}, %
SR 280 ph R PRSI RN R 2 PR AR R 21 A
ELMRG, AR L M FE M S T, Hrh4
PERETRI R H(2) =1+ 02271 i 2 (n) = u(n)+
0.2u(n — 1), IELMAHL N g(n) = x(n) — 0.62(n)?,
PRI I 3% AR 26 1 &R G Y 300 B8 i 1 B B Ry d(n) =

z(n) — 0.6z(n)? + v(n), Hrro(n) yHAMNGES . A
SCR AR R e PR 0 S T PN AS [
PRV 7 SR X B E A 7 AT, e A e B IR R
FH TR 5 o e e AR S A e S . — Y
IR R P R DA 3R s SR A 85 A e T AR R,
q(n) = a(n)e(n)Fw, c(n) B—MAZFELRE, a(n)
D ER S AR A, HBOE S A% R
B SE R =02, H—L¥ iR 22 EREdh £k
BRI A VERE, S T4 A A s A 1 1
BT AT, 50 TRRIBE M SEGE S, Ik 1
Fir3, HAS SEIE R AR 2 2850 238 S IE i i
#1 KHEESHE
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Abstract

The adaptive kernel algorithms wusually achieve a good convergence performance and a tracking
performance due to the universal approximator, offering an excellent solution to many problems with
nonlinearities. However, as is well known, the convergence rate and steady-state error of adaptive filtering
algorithm are a pair of inherent contradictions, and the kernel method is not exceptional. For this problem, a
robust kernel adaptive filtering algorithm, called the variable-scaling factor kernel fractional lower power
adaptive filtering algorithm based on the Sigmoid function, is developed by creating a new framework of cost
function which combines the kernel fractional low power error criterion with the Sigmoid function for system
identification of different noise environments. This new cost framework incorporates a scaling factor into the
cost function of the Sigmoid kernel fractional lower power adaptive filtering algorithm (VS-SKFLP) in this
paper. One of the main features in the new framework is its scaling factor. This scaling factor is used to control
the steepness of the Sigmoid function, and the steepness can affect the convergence speed of filtering algorithm.
The scaling factor provides a tradeoff between the convergence rate and the steady-state mean square error
(MSE), which improves the convergence rate under the same steady-state mean square error. However, it is also
an important problem to choose an appropriate scale factor. Therefore, a variable-scale factor SKFLP algorithm
is also proposed to improve the convergence rate and steady-state MSE, simultaneously. The proposed variable-
scale factor structure consists of a function of error, featuring the adaptive updates of their parameter estimated
by making discerning use of the error. In this paper, the nonlinear saturation characteristic of the Sigmoid
function and low order norm criterion are used to overcome the performance degradation of training data
destroyed by non-Gaussian impulse noise and colored noise. Through the convergence analysis, the parameter
estimation sequence of our proposed algorithm proves convergent. Simulation results show that the proposed
algorithm (VS-SKFLP) outperforms other kernel adaptive filtering algorithms in system recognition with

different noise environments.
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