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Abstract: In order to reduce the computation complexity and storage capacity of the Kernel Affine Projection
P-norm (KAPP) algorithm, and improve the convergence rate and steady-state performance of the algorithm
when the input signal is strongly correlated, a Kernel Normalization Decorrelated Affine Projection P-norm
algorithm based on Gaussian Kernel Explicit Mapping (KNDAPP-GKEM) is proposed. The correlation of the
input signal is eliminated in advance by the normalized correlation method. The explicit kernel function is
approximated by Gaussian kernel explicit mapping method, which eliminates the dependence on historical data
and solves the problem that the computation and storage capacity of the KAPP algorithm are too high due to
the continuous growth of structure. The simulation results of nonlinear system identification under a-stable
distribution noise environment show that when the training data scale is large, the KNDAPP-GKEM algorithm
still maintains a fast convergence rate and the low identification mean square error of nonlinear system.
Moreover, its training time is linearly and slowly increased, which is more conducive to the practical application
of nonlinear system identification.

Key words: Signal processing; Kernel Affine Projection P-norm(KAPP); Correlation; Gaussian Kernel Explicit
Mapping(GKEM); a-stable distribution; Nonlinear system identification

1 5|§ T RLSH HO&E N H %, HAEEEE 58,

111 53 #%5 (Affine Projection, AP)%& % —Hf I8 o7 [ 7 T B S U 22 B . APSEE
5 2 B A T 28 SR /NI 7 B R T8/ — e (Re- o H RIS 2 2 AN 2 S 5 FHR ZEAS 5
cursive Least Square, RLS)5 vk 0] sk fe ANBEAUBRIEMR TS, AT AT 280 o ST R it A A
WeshtEgE . A Tt — R m AP R R U S BE
YR FI B 2019-08-08: Al FIH: 20200430 LS HING: 2020-05-15 SCHR[2)3R 1 HE T B RIAPSE. A T HEmAPH
HEEERE: BRI zhaozj03@hdu.edu.cn /éii’ﬂ‘E?% %4755(3 ﬁﬁ&%iﬁ'r&ﬁér i@([?)ﬁiﬁlitﬂ Tﬁﬁ



http://radars.ie.ac.cn/CN/10.11999/JEIT190602

8 1

AN AE T R A i W S PR A U — A AR AT G 007 S B PR SR ik 1897

A KA B 8 8%2 (Decorrelated Affine Projection,
DAP)®VE, BRI R AT AL B, fBR
AR Z 5 N FE R AR SR, B 1 BRI Sk
o NTREAPEIRIEAFLIER G P TERE, X
HR[4)3 T AZ 05 9195852 (Kernel Affine Projection,
KAP)$5. BRSNS R T 2 REZ Y
27 SR B DB SRR 2 AN R A% T B A
NA SRR IS RE TR 5 A v U BEAIC T
THRERE. ERBEEAGRE N A 5. A
M 55 B 58 Gt o A AT A7 72 26 Tk R 1 X 35 1) 30 55 gk
B, AT DU o2 58 43 AT AR TR AR 4 1 i ik 19
o E 3 AT e B ANAFEAE 20 S 2B L B Gt &, FrEL
FREEAEN . BT, AT
BN R BOE R T 1207 S 0 PG 2 (Kernel
Affine Projection P-norm, KAPP)%%,

DA W% H & N SRR I8 T 4 B
T, EAT G B AR e (), A
KA B A I JE B B 2%, B DR AE A I 253
W, AERERRCAFITHR R R, B, %R 2 Xt
SRt K 1 T R SAS BT R . X 5
NIRRT A R T — Bl Aed a7 4% o
B RoRIE, RahimiflRecht T BEHURFIE K
FRE~F R AL R RS, SCHBR[10-13) ¥ B M LAY
IR B SRS B FHAE 43 RAN R S A Ay Lin®§ NP3 H
T HE T RENURAAE W 2% B R e N T iR . A SCHR
— i T R S TR SS FRAZ A — AL AR SO S 4%
2 PIu% 7% (Kernel Normalization Decorrelated
Affine Projection P-norm algorithm based on
Gaussian Kernel Explicit Mapping, KNDAPP-
GKEM). #%, #FASCHR A e i S At
UEAUTTVEAT B WA J5 AN FEFEP (), ARG FER G
{10y S ZARFAE 2% 8] b S A — F S AH S S 5 5 P i
5. KNDAPP-GKEMBIHER 10 77 52 I 5
Bl HIRH,  BRAR 1 A7k A A B
2 SR MRRET

& LU R 2= [0, Q- Q0] IR
0. 72 N2h ML IEZS 7 A AL R &, B
2 ~N(0,2nT), Hrp Dy rsEfE, HMEAR %
Hp($2) FRFALE b8 Hm(A) B9 {4 Bk A2 4 00), H
s(A) W oyE R, A
r(A) =exp(—h||A||*) = exp[-h(Ai*+-+AL%)]

— [ s(@exp(27 A)0A = Elexp(2" A)

RL
(1)
Xﬂ‘?le,mg c RL, /ﬁ\A:ml — o= [AlvAQa B}

Al K2R (0) s w0 R U E A R B (2, ) =

k(A). Tz o SE gL (1)W1

k(xy, ) = E[exp(jR2TA)] = E[exp(jR2T (x, — x2))]
= Elcos(27 (z1 — x2))] (2)

] & 20.60=V2cos(2Tz +0), H F102~ N(0,
2R1), OR AN (0, 2m) 2 [A) 53 5) 4341, BIO ~ U(0,2w), N

E[ZTQ’Q(wl)ZQ’e(wQ)]E[ cos(2" (xy — xs))]
= k(z1, x2) (3)
=X (3) 15 2RI DA A A AL T B BN
K(x1, T2)=<p(z1), p(T2) > (4)

p(x)= \/g[cos(ﬂlT:c +601),cos(22  + 65),---,
cos(§2p'@ +0p)] (5)
R (4) TR, AFAERFAE B o(a): RE — RP,
158 e B A% R BT A o (22) ) N RAR B A X (5)
A T A I S B 3 DL R 4
3 KNDAPP-GKEME %

KAPPH L E G R A L I K MG 54
BT NHERE R A% 5 % 5 N R R L 2
A RIS T, SR EVRAER T RE, (HiZ
LA R NG T 0 R, BT B K
AR RS K. Fik, ASCRHTETE I
PEWLS K% 3 — 1L AH R APP(KNADPP-GKEM)
Hik.

3.1 KNDAPP-GKEME %S

ASCR VA — AR AH SC TS A 3 N AR R, {3
HAR 20 A B S, FERI A (5) 143 24
NE SRR, SRR T Fkxd st £ 1k
Mo MEnUIERE, Wil KK ERNLEBANG
Tl N N BE X (n) = [z(n), z(n — 1), z(n—
K+1)], H Fdz@®m)=[[z0),z(n-1), z(n—
L+D)" ;s 1 # a &d(n) =[d(n),d(n—1),-.d
(n—K+1)]; FIH(5) 7 2 w55 f N\ 55 BE A
¥(n) = [p(z(n)), p(x(n — 1)), olxn—-K+1))],
DU S e A AR 2 ) B AT AR R N

y(n) =[y(n),y(n — 1), y(n — K +1)]
=w(n—1)Tw(n) (6)
e(n) =[e(n),e(n—1),-,e(n — K +1)]

d(n) —y(n) (7)
Horfw(n — 1) IR Hn—1IRIE AN 55745 2 )AL
[F) &

AR R EL T (n) = Elle(n) P10, LARER 3R 2215
B HBCEA B, BRI



1898 B 5 fF B ¥ M 25
VoJ(n) = dJ(n) _ Ole(n)[? y(n). RZE[E e(n) MRZE AR K7 HURPT e, (n).
¢ (n) dw(n) Pk 6 FIMARQ2)EHELR.
r3 Oe(n) [le(n)|P~'sgn(e(n))]" 3.3 ERED
w(n) i #1145 T KNDAPP-GKEM&IELE Hnikis
= —p¥(n)ey(n) () I T o I VB A R N\ 4 4 B LR 4
Hrp, ep(n)RniREMEK B X, HERX FED AN THE S AR

Xy
e,(n) = [le(n)]"'sgn(e(n)), le(n — 1)
sgn(e(n — 1)), - le(n — K + 1)~
sgn(e(n — K + 1))] (9)
Iy T R B E AR S0 N U S
BRSNS B () AT AR S
UEER, P IS A R E AR SR 5 B Z (n)

Z(n)=¥(n)-¥n—-1)<¥n-—1),Fn-1)>""
@ (n—1)"2(n) (10)
AR 13 23— A A\ IEAZHE R
_ . ZW)
Zx(n) = ZT(n)Z(n) 1< (11)

Hep, e FEFET, BUR/DNRIIERE, BiibkRE
e B Zx (n) B el (8) R AR N FEREW (n), 153
AR FKNDAPP-GKEM & 2 A 1) & 5
N W)

w(n) = win—1) + pZxmeln)  (12)

b, msB K, TaE e AR SR 8.
3.2 BAEREE
W31 8T, B KNDAPP-CKEME
N IOBE AL 5P
1 Wal, REESERSgEED, 1
Eﬂﬁ YKIEK, @ﬁp,*ﬁﬂ%%ﬁh,ytmﬁ?i
B A Fe, Sw0)=0; RFE2 eRl: {232, ~
N«L2h1); ﬁ%ﬁqenéilAJUaxzw>o
Y% 2 FIHBIERKNRANE
)e

N PNl
Bﬁ‘:X(

||k'fr§

% 3 N (5)73 B w5 BN A B

[p(x(n)), p(x(n — 1)), p(x(n — K+ 1)),
T3 4 m(10). K (1)1 2)E— b fEAH %

Jei B A — A IE A A Zx (n) 6
T 5 ha(6). (7).

W()

2 (9) 15 4 H 1 &

#1741, KNDAPP-GKEM& ELEnk ZIf)
WHRHERENOK?), SZGEIREMERTIE, 1
KAPPEVEMITI R E RO (n+ K0, 7ESLFRR
M, BT IR0 I dz K T 15 3 35 K B
K, Hit, KNDAPP-GKEM& %Ki+ 5 24 i
m/NFKAPPHE I,

KNDAPP-GKEM & yE7E I i FE HH A 75 47 il
I KA &K ENDR S MG S, MKAPP
SR T BEAPAEFT A s A . 48 BATR, KAPP-
GKEMEE R THE EFLE i A HS LK APPREIEK
(CED
4 BREERSHESH
4.1 hEES

A KNDAPP-GKEM & % 5N H T A4t &
GrR, HERELTR. ARt RS ARt f
JCFIZEPE LR AR, 28V s — AN PR 7 ik
i B (Finite Impulse Response, FIR)JEV 2% -

WMANETRHX(n) =01 X(n—1)+02X(n—2)+
S(n), HAS(n)R¥MENO. J7ZN0.61 =i H

7, ARSI ARM) = X (n) - 04X2(n)+
0.15X3(n), F(n) = H'R(n), 7 H=[1.000.17
0.410.15 0.20]"; w(n) HafasE S AMER, W1 (55

Hd(n) = F(n) +v(n).

B s N R B K EL=5; &Y KE
K=3; Z£pu=0.01; & X Xf5¥: LGSNR =
101g20.,2 /vy, H20,2 N X(n)HITT %, v Aok E
AR ) BUR B . 2000 BEAS 1R A )1 k8
i, L00MNFEARE ML, f—HL RS
RIS EHATI00 5 &, 13335 77 1% % (MSE)
IS
4.2 KNDAPP-GKEME :SHuxi¥

L1 48 DAKNDAPP-GKEM &2 1% g
=l

% 1 KNDAPP-GKEME AEnRZIM T ESLE

AR ey B IRAL g B RS
W15 Fe (z(n) DL+D DL-D o(1)
H— il H Zn(n) 2K+ 3DK*+2D°K 3DK*+2DPK+2K* D> 2DK-3K> O(K?)

WHy(n), e(n)Me,(n) DK +K DK O(K)
EH Ew(n) DK+D+1 DK O(K)




% 8 1 XN E 4G

BT e A SV R A% A — AR S (7 S RS P Y B

1899

(1) AFEFHEFES R, 48R DXKNDAPP-GKEM
L RE RS2 o

& T8 4 A e 7R R AE $R Bla s N 1.3, 1.5,
1.7, HAWESEOEE NIRRT =0, MBS
a=0. 7T REy=004; |7 {5 M LGSNR =
101g20,%/y=14dB; KNDAPP-GKEM& %2 %1
WE AN p=a—01e=5x10"", Z¥h=0.12;
1ER20004K J5 13 B 5 AH KK (01 = 0.9, 02 = —0.6)
I KNDAPP-GKEM & 23 MSE 55 i i 44 &
DR 12 (a) T -

(2) AN[E ok g s> A EsmE T, 488 DX}
KNDAPP-CKEM& A MERERI 2 o

FRURE A3 A W IR IE 4R BN 1.3, T U
Eb2y 910 dB. 14 dBAI18 dB, HAthZ¥ik & [7)
SLI1(1): RS FKNDAPP-GKEM& EM i
MSE 5 W5 4 & DI AR Al £ an 12 (b) B

B 20T 50, LEAS [RIRFAE Fi8 BRI SAE e LE 1
aFE A FE T 5, KNDAPP-GKEMSLILK]
MAAMSEE ¥IBE 6 D3 I g dm N, B 24 D
e —ERER, WAMSEM B NEE. T30

EHLD=80.
L2 ESHANKNDAPP-GKEM & VL1 fe

IR

OFE AR B SR B RS (2), T X
{Z1 . GSNR H14 dB; KNDAPP-GKEM& (¥
W24 D43 531 20, 40, 60180, Sy H A S H%

BRSZET (1) E4820000K 5 13 21 58 AH < 1\
(01 =0.9,02 = —0.6)F [IKNDAPP-GKEM .1 1
MEAMSE 5 1% 250 1722 4kt 28 an 13 (a) BT

oS 43 AT 7R I RFE 4R Ba i I N 1.3, 1.5,
1.7, GSNR#N14 dB, DN80, HAhZH[F LK1
(1); BFKNDAPP-GKEME L HIMAMSE 5 #
S AR B3 (b) Fs

o B S A S - S EUE S (2), GSNRAM
10 dB, 14 dBAI18 dB, D N80, HikHth S ik
BRI (1): f3FKNDAPP-GKEM & %1l
MSE 5 Z5h 172840 26 4n &3 (c) B .

HKI3T 40, FERE MM 4ERE D, RREFE %
ol XAEMELLGSNR N, A K, KNDAPP-GKEM
VR MAAMSE MR LR — 2, 3 2 B85k
ST KRR, URR0. 120, ZEVERINXMSE
B/, MEReir. BT SO EHELh=0.12.

4.3 MEEESHT

LIRS offE AR 5 FDAP, KAPPAI
KNDAPP-GKEM & 7575 A [F) A 9 558 P 3\ (1) PE RE
b

ofS 58 o A e I REIE SR Hla 1.3, GSNRAY
14 dB, HAZEIAISLK1 (1), 5 33FHIkET
HIKHIN (01 = 0.2,02 = —0.1)NBRFIFKHIA (01 = 0.9,
o2 = —0.6) I} [P MSE #2873 531l 14 (a) A1 E]4(b)
Jis o

H B4R A, fEofeE Al 5t F, DAPH

|_ ————————————————— 1 &
| R(") F(n) | g s ,”( H)
ALt H(2) >
| d(n) N
X(n) TR CD )
—
3 I 5 e

L

K1 AR R GHHANE A

-7

8 Wu
2 9
52; -10
~
E 1
=

-12

-13

0 20 40 60 80 100
e 442 13 D

(a) GSNR=14 dBHf

-4
-5 w*
™ -6
= T
B -8 N
wn
= 9 — %—GSNR=10 dB
E 10 —&— GSNR=14 dB
= 11 —e— GSNR=18 dB
-12 D
-13
0 20 40 60 80 100
WSk 4 25 D
(b) a=1.30

& 2 %)% DA KNDAPP-GKEM & : fig 50



1900 B 7 5

= B 49 %

=]

i

o
¥

ERIAMSEhZe i sh M 2, MERei 2. KNDAPP-
GKEMB LM SIGE B KAPPH MR, HES
M MSEE /. R KA T, KNDAPP-
GKEME LM ERIR AT AR ZE . XEF NKND-
APP-GKEM B 46 2R et NFEFEAR B, H
P2 1) v A% 5 3 S 7 v B AR A b ALl H
Witz

IS4 ARk g oA g A R KNDAPP-
GKEM& i HPERE . BLGSNRZ 51410 dB, 14 dB,
18 dB, KNDAPP-GKEM&ELE §GHH KN (01 =
0.2, o9 = —0.1)IFIFRAH HHIN (01 = 0.9, 02 = —0.6)
IS PRI AMSE 273 501l 2 15 (a) AT (b) BT

H 5745, KNDAPP-GKEMZ®& i 7E §54H %
BRSNS, BEAET S M b g s n, R
oRRE S AT I B R B, AR ZE IR,
A S T T 1 o
5 ZERIG

TEQRGE AR T, fF X KAPPH LR
AR ED R, HERNG S 5 I I S B
18, FRASTEREZEMIRE, ACHEH TKNDAPP-GKEM
B o ZEEA U R N B AR BT, T HLAR
T 2 Qi B VAR e st o e A R B T RR
TN SR R, TR — R A nRE T

-6.0 3
6.5 —*—W:i-?’ B i SRy
0.9 —A—a=1.5 - _

—%— GSNR=10 dB
=~ 7.0 W —e—a=LT7 —~ 6 —a— GSNR=14 dB
2 g —e— GSNR=18 dB
= 7.5 S -7
E -8.0 \A_A/a_f (LE ® WS
% -8.5 % -9
2 90 = -10 i

95 -11
-10 . + : -13 -12
0 0.05 0.0 0.5 0.20 0.05 010 0.15 0.20 0 0.05 0.0 0.15 0.20
) e BisHn

(a) NFEYERED

(b) NEFFER S«

(c) ANFE™ A5 L GSNR

B 3 #%ZHhWKNDAPP-GKEM& 1P fit 820

20
15
m
= 10 |
BJ =4 [
wn 8]
= |
= 0 | |
B 5 |

-10

-15

0 500 1000 1500 2000
BRI Hn

(a) FHISEH AR (0,=0.2,0,=-0.1)

— — -DAP
—— KAPP

20

_ =
(=R

n

MiAMSE (dB)
o <

|
<t

-10

-15

1000 2000

AR Hn
(b) FRAHSEHNRT (0,=0.9,0,=—0.6)

0 500 1500

KNDAPP-GKEM

4 RSP AR A T 3R AR RE LU

(<21

1000 1500 2000
AR Hn
(a) FHAHHNN (0,=0.2,0,=-0.1)

0 500

5
E 0
)
= [
n el
=
®
= -10
-15
0 500 1000 1500 2000
GSNR=10 dB A
..... GSNR=14 dB s 1t Aéﬂln
GSNR=18 dB  (b) F9AHKHI AR} (0,=0.9,0,=-0.6)

K 5 AN[A e A 3 R KNDAPP-GKEM S M fig



8 1

AN AE T R A i W S PR A U — A AR AT G 007 S B PR SR ik

1901

AR RIS B ER R [ R, RORYE% T
WZRRT K, B8N T 52 bR & g0 R OB £ 4 1
W

(1]

2]

B3l

4]

[5]

(6]

[7]

& E x|

OZEKI K and UMEDA T. An adaptive filtering algorithm
using an orthogonal projection to an affine subspace and its
properties[J]. Electronics and Communications in Japan,
1984, 67(5): 19-27. doi: 10.1002/ecja.4400670503.

FIT, LB, B, & BT BTN B S L
FAY IS [I]. BT 5EE¥H, 2018, 40(10):
2402-2407. doi: 10.11999/JEIT171125.

WANG Shiyuan, SHI Chunfen, JIANG Yunxiang, et al. Q-
affine projection algorithm and its steady-state mean square
convergence analysis[J]. Journal of FElectronics &
Information Technology, 2018, 40(10): 2402-2407. doi:
10.11999/JEIT171125.

£, BB, BRI AR 075 557 W TR HI 5
%], BRITREKZEZM, 2016, 17(3): 266-269, 280. doi:
10.3969/j.issn.1671-0673.2016.03.003.

WANG Lan, YANG Yuhong, and LI Liangshan.
Decorrelating affine projection algorithm with variable order
for narrowband interference suppression[J]. Journal of
Information Engineering University, 2016, 17(3): 266-269,
280. doi: 10.3969/j.issn.1671-0673.2016.03.003.

LIU Weifeng, PRINCIPE J C, and HAYKIN S. Kernel
Adaptive Filtering: A Comprehensive Introduction[M].
Hoboken, USA: Wiley, 2010: 69-93.

B, B, B, A5 R T 2 R ST S B R
WHEIZI]. BT 5EB%M, 2020, 42(4): 924-931. doi:
10.11999/JEIT190023.

LI Qunsheng, ZHAO Yan, KOU Lei, et al. An affine
projection algorithm with multi-scale kernels learning[J].
Journal of Electronics & Information Technology, 2020,
42(4): 924-931. doi: 10.11999/JEIT190023.

BRI, 5kIBF5, 2o/ I, 5. Gl 5 5408 Jemilifs 5408
FERHM]. b5t s ol ARE:, 2004: 131-171.

QIU Tianshuang, ZHANG Xuxiu, LI Xiaobin, et al.
Statistical Signal Processing: Non-Gauss Signal Processing
and Its Application[M]. Beijing: Electronics Industry Press,
2004: 131-171.

I % A& RE SRR AL D). (R 3, B A TR
iK%, 2017: 48-54.

JIN Mingming. The research on kernel adaptive filtering
algorithms[D].
University, 2017: 48-54.

[Master dissertation], Hangzhou Dianzi

8]

[10]

[11]

[12]

[13]

[14]

[15]

XN, WY H, B BTl A R O AR
SVMRAR[I]. THENAF LS KR, 2014, 51(10): 2171-2177.
doi: 10.7544/issn1000-1239.2014.20130825.

LIU Yong, JJANG Shali, and LIAO Shizhong. Approximate
gaussian kernel for large-scale SVM[J]. Journal of Computer
Research and Development, 2014, 51(10): 2171-2177. doi:
10.7544 /issn1000-1239.2014.20130825.

RAHIMI A and RECHT B. Uniform approximation of
functions with random bases[C]. Proceedings of the 46th
Annual Allerton Conference on Communication, Control,
and Computing, Urbana-Champaign, USA, 2008: 555-561.
doi: 10.1109/ALLERTON.2008.4797607.

BOROUMAND M and FRIDRICH J. Applications of
explicit non-linear feature maps in steganalysis[J]. IEEE
Transactions on Information Forensics and Security, 2018,
13(4): 823-833. doi: 10.1109/TIFS.2017.2766580.

HU Zhen, LIN Ming, and ZHANG Changshui. Dependent
online kernel learning with constant number of random
fourier features(J]. IEEE Transactions on Neural Networks
and Learning Systems, 2015, 26(10): 2464-2476. doi:
10.1109/TNNLS.2014.2387313.

SHARMA M, JAYADEVA, SOMAN S, et al. Large-scale
minimal complexity machines using explicit feature maps[J].
IEEE Transactions on Systems, Man, and Cybernetics:
Systems, 2017, 47(10): 2653-2662. doi: 10.1109/TSMC.
2017.2694321.

EMH . T LR AE 9 2 8% 23 A1 30 (R AR R 2R SR AT
Fu[D]. (1830, P K%, 2019: 21-65.

WANG Yingxu. Research of random feature based multiple
kernel collaborative fuzzy clustering method in P2P
distributed network[D]. [Master dissertation], University of
Jinan, 2019: 21-65.

LIU Yuqi, SUN Chao, and JIANG Shouda. A kernel least
mean square algorithm based on randomized feature
Applied Sciences, 2018, 8(3): 458. doi:
10.3390/app8030458.

Tk, FA. BEHLE B4R, 3. Jbse T Tk
J4L, 2009: 11.

WANG Yongde and WANG Jun. Fundamentals of Random

networks[J].

Signal Analysis[M]. 3rd ed. Beijing: Electronic Industry
Press, 2009: 11.

BEnzh: 4, 19594, #HAR. WA, SR RNBEERES

VRRES

bisti
4, 19954, RUAR, WEATT A HIENAS S AR EE.

TS &K


http://dx.doi.org/10.1002/ecja.4400670503
http://dx.doi.org/10.1002/ecja.4400670503
http://dx.doi.org/10.11999/JEIT171125
http://dx.doi.org/10.11999/JEIT171125
http://dx.doi.org/10.3969/j.issn.1671-0673.2016.03.003
http://dx.doi.org/10.3969/j.issn.1671-0673.2016.03.003
http://dx.doi.org/10.3969/j.issn.1671-0673.2016.03.003
http://dx.doi.org/10.11999/JEIT190023
http://dx.doi.org/10.11999/JEIT190023
http://dx.doi.org/10.11999/JEIT190023
http://dx.doi.org/10.7544/issn1000-1239.2014.20130825
http://dx.doi.org/10.7544/issn1000-1239.2014.20130825
http://dx.doi.org/10.1109/ALLERTON.2008.4797607
http://dx.doi.org/10.1109/TIFS.2017.2766580
http://dx.doi.org/10.1109/TIFS.2017.2766580
http://dx.doi.org/10.1109/TNNLS.2014.2387313
http://dx.doi.org/10.1109/TSMC.2017.2694321
http://dx.doi.org/10.1109/TSMC.2017.2694321
http://dx.doi.org/10.1109/TSMC.2017.2694321
http://dx.doi.org/10.3390/app8030458
http://dx.doi.org/10.1002/ecja.4400670503
http://dx.doi.org/10.1002/ecja.4400670503
http://dx.doi.org/10.11999/JEIT171125
http://dx.doi.org/10.11999/JEIT171125
http://dx.doi.org/10.3969/j.issn.1671-0673.2016.03.003
http://dx.doi.org/10.3969/j.issn.1671-0673.2016.03.003
http://dx.doi.org/10.3969/j.issn.1671-0673.2016.03.003
http://dx.doi.org/10.11999/JEIT190023
http://dx.doi.org/10.11999/JEIT190023
http://dx.doi.org/10.11999/JEIT190023
http://dx.doi.org/10.7544/issn1000-1239.2014.20130825
http://dx.doi.org/10.7544/issn1000-1239.2014.20130825
http://dx.doi.org/10.1109/ALLERTON.2008.4797607
http://dx.doi.org/10.1109/TIFS.2017.2766580
http://dx.doi.org/10.1109/TIFS.2017.2766580
http://dx.doi.org/10.1109/TNNLS.2014.2387313
http://dx.doi.org/10.1109/TSMC.2017.2694321
http://dx.doi.org/10.1109/TSMC.2017.2694321
http://dx.doi.org/10.1109/TSMC.2017.2694321
http://dx.doi.org/10.3390/app8030458
http://dx.doi.org/10.1002/ecja.4400670503
http://dx.doi.org/10.1002/ecja.4400670503
http://dx.doi.org/10.11999/JEIT171125
http://dx.doi.org/10.11999/JEIT171125
http://dx.doi.org/10.3969/j.issn.1671-0673.2016.03.003
http://dx.doi.org/10.3969/j.issn.1671-0673.2016.03.003
http://dx.doi.org/10.3969/j.issn.1671-0673.2016.03.003
http://dx.doi.org/10.11999/JEIT190023
http://dx.doi.org/10.11999/JEIT190023
http://dx.doi.org/10.11999/JEIT190023
http://dx.doi.org/10.7544/issn1000-1239.2014.20130825
http://dx.doi.org/10.7544/issn1000-1239.2014.20130825
http://dx.doi.org/10.1109/ALLERTON.2008.4797607
http://dx.doi.org/10.1109/TIFS.2017.2766580
http://dx.doi.org/10.1109/TIFS.2017.2766580
http://dx.doi.org/10.1109/TNNLS.2014.2387313
http://dx.doi.org/10.1109/TSMC.2017.2694321
http://dx.doi.org/10.1109/TSMC.2017.2694321
http://dx.doi.org/10.1109/TSMC.2017.2694321
http://dx.doi.org/10.3390/app8030458

