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Abstract Wiener filter is used widely for the inverse problem. From an observed signal, it provides the best re-
stored signal with respect to the square error averaged over the original signal and the noise among linear operators.
In this paper, we propose applying the kernel Wiener filter, which enables to handle signals nonlinearly by mapping
signals to the high dimensional space with kernel trick, to the recognition part of the pattern recognition problem.
Then, we regard a pattern as an observed signal and provide an identical original vector for the patterns belonging
to the same class. Finally we classify an unknown pattern into the class of which vector is the nearest in the high
dimensional space of the original space. In addition, we apply linear approximation to the kernel function to enable
the regularization based on the distance in the observed signal space to enhance its performance of generalization.

Key words pattern recognition, Wiener filter, kernel based method, inverse problem
g=Af+n M

F=Xg @)

1. I C &Iz

WHEEL TR, BY, ERE0ZONET, HECRER

OHHNE, RERANEHETIMED - Lchs. £0H
T KRR, HLESOET, ERETEAIDE L
TIEWSBHISH IR TN S [1).

Hs Ho &, TNENEUEHLEM, BHEISEEME T2, feH,
THRESEZRL, BANEAR A € B(H,, Ho) iZ L v BRI
BSEMOTICERIN, ZHICEST n by, BRIES
g=Af+nBBLRBLOETS. ZIT, B(H,H,) i,
Hs 3D Ho ~DHRBHAERRORETH D, £z, BEME
B gL ROEMOHREREE F 2RO LERKL X LT5.
ZOERERTETL,

LB ZOBRBFBEOTTNVER LIRYT. Thbb, #
WS XERES g 0 LRIES f ST s R RARHEER
B FRRODME, T, TORDO H, 1D H, OERR
X 2 RODEEELEBZL DL ENTED.

WRED 72D ORI E T ILIERB ek x RV EBRFENER
ENTWS. EORPTT4FT—T 4VE 21, FRIEE f &
HWERES F= Xg 0 2REER, FESLESICOVTESN
WCER/MNTT BRIBNE SR L L TRESNTWHWELOTHS. W
EROFEmEE Y, BEEESERT IMEx0RS) 2707
BHORLVN, T4 F—T7 A AFITBO T FRMEES G



1 HBHRE

BLEREEL, RIEREMCHENIHEL, TR
BESGTHHEVIFEERE-TRY, B CEVER TR
ShTwa.

B, RE—UREOSBTEREED TV LIFHEO—D L
LCH—FRNVERDD. I—FNETIE, AHERBXI MV
R L IRBERE AV TERTLZ FAVER (BRRTH
aie) ~E/L, FOEETRI MVOLEBEITH. BRTE
M CORBLEL, TOEMTIIIRBLEL Y, TR L
BRTEEE 25, F, A=A Y v 2icky, BRUEE
OERTEMCOM2RHEY, BEXZOEBTHRETZOT
e, PUTABRTOEETHET I I ENTEILRD,
HEIALNERLTZENTE R, TORD, H—RNVEXE
OIEREEE AT T 5. 27200, BEMICIZY O X H23ER
BERICK L THHERZHIBTE 2T TIHEL, Thblix
HEARBER R~ —Y— B — I 5 EIN 5 HRBERIT RS
nTns.

ERIRX T, DA T—T 4 MBI —FUERBHAL, BK
ST TR LR AR R o T =N T 4 F—T gV F
(KWF) 8L, Thi S8 - RBBiSETs. 200
RE—VBRIRTHEE . T AN —FEBAGEE & AL,
FU 7 5 ACBT2%E7 —4 OBRERCHL T, R—0K
BE2525. 277 ABECRIT 3 LREFVER 2157

/
/ 4
P B
/ i/ [~
/ | /
/ / |
i ' | observation i”
/ / | i
[ ! i
|
i ! i P
: ) .
/ observation /' S
—

g 1!

o

2 RIEEOHN

i, BRESERCHEEEROT—F BRICL D 1 KA
ElxEz, BEIEESZEMcoE#c &3 ERNLETT S Hikk
KWF-2 T#ET 5.

SHICHEKRERICLY, KWFORMEZRTLE L bIC
KWF-1 & KWF-2 2 k#8452 Lic k> CHRAEREMOE
Bz S S EHMES PR R M L &R B 2 L 2R T

2. DA4F—T 413 (WF)

VAP T ANEE, HAESERESD, BEST LT
BV 5V 2 REER B/NCT BLOTHD. EpEn T, %
nNEN, £n BT AT7 LI AEERT. NS M fig
OWHEE (f,g) T, fOINLE (fl=/(F. ) °RT. =
DEE, TA4F—T ANFE, UTOFMELE Jwr &8N
THRWAERRE X LLTERSND.

Jwr = E¢Enl||f ~ f||* = EgEn|Xg - f|” ®3)

LT,
R=E; (£57) @
Q= En (nn") (5)

W, ThENBRESLETORBEERAETHS. £, £
A% A OHBIEAFEL A* TKRL, ABA= A, BAB =B,
(AB)* = AB, (BA)* = BA#%il=¥ B % A\Zx7 % Moore-
Penrose —iR8 & WELX, AT T

PLEDBBEHEFORIZY 4 F—7 4 V¥ Xwr X, RIES
LHENEMBETHD ETHIZ, UToXRTELLNS.

Xwr = RA*(ARA* + Q)! (6)

3. A—HLI4+—7 4L (KWF)

H=FNETE, w—F—T—FN0bEIN DR 5H
® & HANTESEFEK NI M EF~E/R TS, ZOZ/H
RMEBME S L2755, ZOBMERMI—HIZTOES
EROKRTE Y BVRTEE . AFETH~—F—F—F/V
L LT, BT ART Gaussian I —FNV k(z,y) £ AV5.

ke, y) =exp (—vlz—yl*) (v>0) (7)

TIT, BT A—ETHD.

3.1 KWF-1

KWF-1 28\, % n 28175, -T2 Tk
H—FNT 4T =T 4 NF Xy FATOFMELE Jewr 25K
INCT BRI BRBEERE LTHRBR SRS, Ho & N RN
7 W AERE 5. BRI, ERICET 5 BERTIER
Y BEBRILD L LT 5.

Eg||®a(f) - X2o(9)|® ®

Jxkwrr =

R

L
231 (F) — Xa®alg))|® )

SIT, LEEF—SM,f, L g, REhTh, FESL RN



BEOV TNV THDB. Fiz, 0,0, 1 XTNTh, FEFZEM,
BEUE BTN O ZNE N ORMER~OIFRTEEHBETH
5. FOETAEM IIZFT.

H 3 H—FAEEBEHL SRS

(O LD, X HUTOLSIRES.

L L ¥
Xlzzq)s(fi)q>°(gi)T [Z q>°(gj)q)°(9j)T:| (10)
i=1 =1
ZZT
L
UEZQO(Q]')QO(Q]')T (11)

j=1

L, S=Ut ko biedicEEh;c R 1<4,jS L)
#HLUT, SEUTOL JickL.

L L
5= hi®ol9:)®o(g;)" (12)

i=1 j=1

i (L x L) {50, H, K, #Z0FNROL S CERT 5.

- T
hit hiz ... hip
hot  hae ... hzp
H=1] . . . (13)
L hri ... ... hip
[ ko(g1,91) ko(91,92) - kolg1,91)
ko(g2,91) ko(92,92) -+ kolg2.91)
K= K K K (14)
L ko(gr,91) - ko(gr.91)

=L,
ko(a,y) = ®,(z) ®o(v)
= exp (—llz - yl)° (15)
ThD. ZIZTK (12) KL TRD hyy ICET28XE 52 5.
®0(9,)" SURL(g,,) = ®olg)” ®o(g,)

ko(gl’ gm) (1 g l7m § L) (16)

2D ko(gy,grm) 1,

T

ko(g1,9m) ko(g1,91)
ko(92:9m) ko(g2:91)
ko(g1: )= . KqH . (17)
ko911 9m) kolgr,91)
LRTILNTEDZOT, ZhEEX,
H=KJK] (18)

%185, Ky iCERMEE e1] #MNZ, K, O—#% K} T O
X O ERT 5.

K} ~ (K +el)™! (19)

ZZC I (L x L) OBAATHIT, ey(> 0) ERNLST A—
2 THD.

Bohiz HED SHRER. RHOF—F gzl s 7
At1StS M) BT HE2TOBAES g, ORES £, %,
Fi=Fl T3 REF—F ORREEBZBIB IS Xt D
FEE fl Lo 2 RBEIUTO di(g) THEXOHND.

di(g) = ®:(f]) - X®o(g)I”

ko(g:,9) ks(F,£1)
st g-2| O | | R |
ko(g.uy) ks(fi,fL)
EEL
ko, 1) = B(2)" ®4(y) (21)
b5,

KEF— 5 g 1% dy(g) BRBASLT D2 T A~PETBHD
T, WEBE Di(g) 1K (22) THRHAENS.

Dy(g) = arg min [de(9)] (22)

3.2 KWF-2

KWF-2 I8\ T, SIS Jewre 23K (23) THZ 3.
T bBANE ST n = {ni,nie, ..., nin } BT
WAZEEREL, I—RNAVT 47 —T 4N F DPAtEREE 1R
k&R EEEZS.

L
Jxwr2 = En Z 8:(£)) — X2®olg; + na)|® (23)

i



ZIT, BEFLET IS L, EEORERIIFHN 0
T, MOBERLERBETHILTE. #oT, EFEOIBRO
BEEOHEE of TEEE, Q = diag (¢4,0%,...,0%) &&T
ZERTED. Ho & NIREAZ MVEREL, ~7 b a;
WZDOWTAH T =z 1 E jEROERERTZ L ETS.

K (23) DEETIE &, BIFRETHY, Bo(g, +n:) Z 0
TERWeD, HEICEL THERENEEZ 2 TEWnT 2
W T, A—FA MYy 7 EAVTHIEFCRERKRTO
ERETOHENLEE RSB, FIT g, B n IKHARTHIRE
WE LT, BUFO—RIELEITY, HELBIEET 2 (3]

N

Bo(g+n) = Bo(g) + Y nih, ;(9) (24)

=1

IhERATEE, R (23) 11
L N
Trwr2 =y | a(F:) = Xa®o(g:)— X2 ) niib, (9.l
i 3
L
=Y {8 (FI+ X0 (g,)]?

N
+En|| X2 Y nud, (9
11

—2{®:(f;), X220(g,))

N
—2En(®:(f,), Xz Z"ld’o,z(.‘h))
l N
+2En(X2®.(9;), X2 an¢o,t(gi)>} (25)
[
EhB. T,
Pou(g) = 252100 (20)

ThbH. T, B1UEDT X ITEFES, £5 6HI0 RS
DT, RO J /Mt L.

L N
T =3 {1X2@0(g)I*+Enl| X2 Y nad, (9]
E3 1

—2(®:(f.), X2®o(g:))} (27

T ¢, () ¥ Bo(g) ERLRTEDRS M2 BTD, &
BUCIIEH R T A e EETH D, 22T, ZoBHCH
By 2RBEE I —INVEEOWSEESTRTZLIRT D,
Eoi(2, y), k(2 ), Korj (&, y) EEATFO X DI EHT 5.

Koi(@,4) = (@o(®), 6,.,(9)) = aiyiko@,y) (28)

F(@,0) = ($0s(0), 2olu)) = pbolory)  (29)

Fois(2,0) 260 @), 60 (W)= ool y) (30)

KWF-2 2 EMICHET 2L, RO &, 80,00 &
ESZ LR, A (27) RHABEEE - VB E FOM
AEEANCHETED LT ILERDS.

ERHR X BRO KX SIZBL B TES.

L L(N+1)

Xe=3 > ay(@(f) 07 (31)
i i

e { ®o(g) (1Lis1) o
i (L+1ZiSLN+1)
bo,1(9:) (1<i<L)
$0,2(9:-1) (L+1£ig2L)

Pi= . : (33)

Gon(@imv_ny) (N-1DL+1<i< NL)

ZhiE JIcRAThE,

5

L L(N+1) 2

D> anl®olgd)ve)

i=1 k=1

i

L L(N+1) N 2

Z Z Z nlajk(d’o,z (9:),vi)®s(f;)

=1 k=1 I=1

+ En

L L(N+1)

-2y > ajk<¢s(fi>,f,~>-<uk,<1>o<g,->>} (34)

i=1 j=1

LB, TIT, & (34) RHET BEOI, UFORY bLE

THEERT 5.

r(g) = [ko(9,91)>-- -, ko(g,91),
ko,1(9,81)5---,k0,1(9,91);

ko,n(g:91) - Ko (9,9.)]7 (35)
(2381 QI(L(N+1))
B= . . (36)
234} QL(L(N+1))
ks(fl’fl) kﬁ(fl?fL)
K=l z 37)
ks(vafl) ks(fLifL)
ko(g1,91) ko(91,91)
K= : : (38)
ko(gr.91) kolgr,91)
ko5(91,91) ko,i(91,91)
;= : : (39)
ko,i(91,91) ko,(91.9L)



91’91) k{;(glagL)

(40)

kg(gLygL)

kou(gla91) ko,i5(91,91)

K,] = (41)

E k3 (gLigl

oz](gu.‘h) ko,ij(91,91)

(42)

Kj=0j I: f{j f(ﬂ Rﬂ ij ] (43)

LEDOfTAIERDE JIIROEIERTZ LN TES.
J' = tr [KB"K\BK"]
N

+ Y tr [K;B"KyBK] ] — 2tr [KBT K]
=1

Ihvk BIZBELTEST3 &,

(44)

J(B+(6B)) — J'(B)
= tr [K(B+ (6B))"K1(B + (6B))K"
+ > K;(B+(6B)"K1(B + (6B)K]

— 2K(B+ (6B)K:1] — J'(B) (45)

L72h, X5 (0B) BT 5 2 KOBEE ERIIIE,

8J'

I

J'(B+(6B)) — J'(B)
tr [KB"K:(6B)K” + K(8B)" K1 BK”

2

N
> (K B"K.(6B)K” + K;(6B) K1 BK")
j=1

2K (5B)K1]

tR3, ZTK =K &b,

8J' = 2 tr [(6BYTK\BK"K

N
+ > (OB)"Ki:BK] K, —

=1

(6B)TK\K | (46)

THHDT,

N
KiB(K"K + Y K] K;) = KiK
j=1
BBST B L & J(B) RN 5.
N
B=KE"K+Y KK,

j=1

{47)

IHhERECL,

{48)

LB, fEo TREDART bV gliZxtL T
L L
Xa®olg) =) D aij(®o(g), v;)@:(f:)
i=1 j=1
®,(f1)
= : Bhig) (49)
2,(f)
ERTENTED.

#oT, 79 A t(=1,..., M) KBRTBELEOFYET —40
FEE~s Mk f T, KWF-2 0B85 Da(g) 1%

Da(g)

ko(£1, 1) ks(£1, Fig)
argmémx 2 Bh(g)

ks(£1, F1) ks(Fr, FL)

ko(£1, £1)
- : (50)
k(£ 1)
Eirn.
4. HEMER

KWF-1,KWF-2 L oW T ERENFHREBERE T, ¥
7= KWF-2 O X, ##mR3 570124, LN + 1) REFTFI

O—ZHATFIOHERVEZ 25, Zhik, BUEBOEREEK
LBAGESTEHOBTHY, ERERORITTAEWVE FITIE,
FEFICKRERERA2D. TOHBERAICTIRYD, KERT
R XIEEND ¢, ,(f)) OREL ERLISER X, AV,
Zhil K =K, K; _aJKJ LB EREVEDNS.

2 (22), K (50) £ ¥, FEEOHMERC BT RIES<Y
MARLO A — 2NV BEEOFRETERT O LETELS, %
ORBEETEEXE L. (M =3) OROEF VER 4107
T BRERCET D 8(f]) & S(FD) BHET AR 0; 2T

B,(f)

05

®,(f})
» 2
X4 SEEficB} BEESs M ONE (M=3)

g,



£ 1 FHEBERER
error rate error rate error rate KWF-1 KWF-1 KWF-2 KWF-2

Dataset Name SVM KWF-1 KWF-2 v e1 ¥ g

banana 11.53 £0.66 | 10.384+0.45 | 10.29+£0.43 | 3.0 x 10° | 1.0 x 10° | 7.0 x 101 | 2.25 x 102
breast cancer 26.04 +£4.47 | 25.05+4.04 | 24.49+4.29 1/3 50%10° |50x 1073 | 4.9 x 107!
diabetis 23.53+1.73 | 23.04+1.79 | 22.97+1.83 1/30 1.0x10° | 2.0x 1072} 1.0x 10™8
flare solar 3243 +1.82| 3348+ 1.62 | 33.26£1.76 | 1.0x 1072 | 1.0 x 10~ | 3.0 x 10~% | 2.25 x 10~2
german 23.61 +£2.07 | 23.50+2.19 | 23.63+2.24 1/30 1.0 x 10 [2.0x 1072 | 9.0 x 10~*
heart 15.95+3.26 | 16.38+3.59 | 15534+3.12 | 1.0x 1071 | 55x10° |5.0x 105 | 8.1 x 1073
image 2.96+0.60 | 2.79+0.56 | 2.80+0.52 1/15 1.0x 1073 [ 1.5 x 107 | 1.0 x 1078
ringnorm 1.66+0.12 | 4.00£051 | 3.23+0.50 1/30 1.0x 1071 [3.5x 1072 | 7.2x 10!
splice 10.88 £0.66 | 10.85+0.70 | 10.83 +0.67 | 2.0 x 1072 | 1.0 x 104 | 2.0 x 10~2 | 1.09 x 10!
thyroid 480+219 | 413+2.04 | 4134+2.26 {20x 107! [1.0x 1071 | 1.55 x 10° | 1.7 x 10~2
titanic 22.424+1.02 | 22.654+0.73 [ 22.36+£1.00| 1.0 x 10° | 5.0x 10 | 5.0 x 109 | 1.0 x 10~10
twonorm 2.96+023 | 2.38+0.13 | 2.35+£0.11 1/15 50x 109 | 7.0 x 1076 | 2.5 x 10~5
waveform 9.88+043 | 954+049 | 950+035 |1.0x107| 1.0x 10° |35 x 1072 [ 2.03 x 107!
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