53 22 RVEMFFE2S Subspace2008

ML ARIR I EERE I EE D < R — k] & 7l
yam BT

TR TRY T 184-8588 HUl#l/ M i HHT 2-24-16
E-mail: {s-hotta@cc.tuat.ac.jp

HOFEL AFTIHE, BUSHERBEREZFIH L7237 — @Bl e 2BV TE RS, 1XUHIC, BRI
BEDRENT — 2 & O R Z /NS T 2FI8RT — 2 OFBFES 2R LIS b B 8D Z & 2R, Ik
(2, BREEICE S FEEHO—FTH D b2E <7 FV&E 17k (Generalized Learning Vector Quantization, GLVQ) % ##
TUZARAREREIC S S < F — RNCE A L 726 0 AR Al 28 FEEIHF MW FERICLY, ZRERE
BEZFIHT 22 L TIRNWT T —REFERTE, FHRICL o TRIEENSEIND Z L 27T,

F—T—F RE—UR), BRSERE, —M(bFEE AN B

Patten Classification and Learning
Based on Distance Between Linear Manifolds

Seiji HOTTA!

1 Tokyo Univ. of Agri. and Tech., 2-24—16 Naka-cho, Koganei-shi, Tokyo, 184-8588 Japan
E-mail: {s-hotta@cc.tuat.ac.jp

Abstract This report describes pattern classification and learning based on a distance between linear manifolds. First, a dis-
tance between linear manifolds is derived by expanding the concept of pattern classification that uses the linear combination of
training samples as the most similar prototype for an input sample. Next, generalized learning vector quantization is applied
to manifold-based classification to reduce error rates and memory requirement. Experimental results on a handwritten digit
dataset show that manifold-based classification and learning can improve accuracy with small memory requirement.
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D& R RN TE S [1]. 20 ) BFEEERIE, KA B2 NNETH D, UL, RANHSZERE (Local Subspace
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PR RRREE [4] DB SN TO LA EREO L HICHE CTHHREZERERIC OV TUIER LN TN, NECHEEIC
SRR (7 7 4 8522 ) [F Lo REEE L L COHRiRITAT e ESSHMNATEETH Y, HREHIES GBI >WTidfitn b
Mol HThD. LaL, UFHERICBWTERBALEEEZE ATWhRW. L LEBHCESSHBINEZE 222 81F, ThE
B9 2 72 DI S S - B2 IRME (Tangent Distance, TD) [5] THt  TIZIRE SN T & 2 HEEEBIEC2 B 273 B An b5
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LB, INHOPRT — ZIXEWITHNL THIUFEZR LT
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B, Z0HAICHH B THRAE LN, I, € R ZHAL
1751& LT C oW T EFHET DRI C+ M, & THIER.
WAL, b EHWTYZ T2 5 L OEHEE d(q, M) = ||g — Xb|?
LERLT, dlg M) BRNERD I TFTANqEDFT DL
TRITED. 2B, X ELTq?kiaFEIET—%%H0
TillB %17 5 B D1F Local Subspace Classifier (LSC) [8] & FEIX
n5.

—77, X(Q) Offix, HIBEEZ B TRILTO LES 2
Licky

B=(V'V)'V(q—x) )

LLTRDHZENTES. AN, BEHWTI IR LD
BB d(q, M) = ||q — (@1 + VB)|? & 8T HIE, dig, M)
WRNETRD T T AN q 2T DL THRITE .

2B, VEVIVOMOKREWEAMICHIE L -1
AU TOEART bVEIERFETHE T, d(g, M) 1E
d(g; M) = llg—z1|> = [[VT (g —=z1)||* LT, k(4] O
Bk (Projection Distance Method, PDM) & [7] Uic72 5.
bbb, O dgM)IX g b M ETOEROE S (FE
R) THEAONAZEDMENDOLND. Fio, o1 ZEB ST —
v, V% x, OEBEFRTHET KL (Tangent Vecotr, TV) [5] &
L7z8aiciE, & (Q2) 1L B (one sided tangent distance,
ISTD) [5] &FEIEN TV 5.
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NTE 5.

3. REZBRAREEREICE D < /XE—UHER

WIZ, RMT — 2 bHUEHRIETHZ bR 5560/ %
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Fftxa=1-%",a; ELTR@) ILRATDHE, L@ D
S b R T
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_1-1, (X1 - A)X) XL~ A)gy
N 17(XT (I — A)X)—11,

10)
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b= (X" (L — A)X) X (1s - A)g, + 1.}
a=(U'U)'U"(Xb-gq,)

12)
13)
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WICZoORIHEEEZBELERAEE XD, FIEttx
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bi=1-3",b & LT (O ICRAT DL, K (9) DRk
R

miB [(g; +Ua) — (z1 + VB)|? (14)
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q, &z FHEBARE—, UL VEq Lo OEXT M LVE
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— K(z1,Ti+1) + K(x1,21) 27

ThHZLND. Z2oDNRE—r &(q,), (z1) OEKITLZERM
TOa—27 Uy FIEEED “FRIT de = ||P(q,) — (x1)]?
K(q,,q,) — 2K(q,,z1) + K(z1,z1) THZONBHNH, f
&, MIRTTZEM TORMT —F L7 T R ORI EEE
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—a'KuvB - B Kvua + 8" Kyvp (28)

ThHALAD. EHNEE Kuu + AMilm-1, Kvv + Xl &
FTIUTRV. I —F VA R [14] & D & MR
RRNETHD.
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T2 TSR RIS S < RF — U HIC BN T
BOESCHBREEZ WO TR IZ O N TGRS, ki
SRR DOTDDOFEELE L LT, FEAAY— T
L7 hvEFG[15] &, MBS EFETOA N v
BRI MESHWLNE R, ZZTiE7 hraEHbic o<
FEERNRD. NT MVETGICE S FEE LU, k%
H &1k (GLVQ, Generalized Learning Vector Quantization) [11]
PDESHBNTND. £ 2T, 1L UDITHIH & FFRIC ZRR~E
/g = OBEEZFIH Lz GLVQ 12553 < R A2 E H
L, ZOHBMUZEREMOERHICES PR E2EL, ok, K
fiTIEr 7 ADH/AFEOT T2 T 2O TIHEE SN,
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4.1 ZFREFR/NMNNFZ—2EDOEREEZFALT GLVQ IZE
D EEE

FEICHAT 27 ATV O5noTNWDFEET — 4
B ltdb. . xhbr T A OBRBEEEERE CoOREEY
dj = |z —X;b|> £F5. 2L b ZX3) THOLND
bOETL. Xy & LRALY T ART D RIEFERILZARE
BIRDAIT — 4%, Xo & x LRI D T T RAET DT
MEREZ R DIT —2 L L, TR EZHWTHEINE
METhTh dy, do 95, GLVQ LIS, « & x DET
LREJVTRALEDES p ZUTOXIICEERT S:
) =
ZOpFERTOz IZH LT -1 < p(z) <1ZmMELTED,
x PIELLS SEENTHETER ALY, BOEOGAEI
IHMENIEE 725, FEHOBMITASEAWOTZ L, Thbb
BTD 2 ITONT p B TIUT L. Lo T, FEHDH
B %2 A OFHMAE S Di/Mb & L TERETE 5 [11]:
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ZIT, NIFFEEICHWD R T — 2 od,  f(u) 1 p okt
T2 WA TH Y VA FEIEf (1, t) = 1/(1—e™#t)
RHWBND EEE AT » ) [11).

RO S BRAMET DI X, (5 = 1,2) @Ak Fikic
EOWTEETDHZ 525X 5.
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I T el IR EDFEKROI<e<1THD. 95/0X, 1T
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LETDH. LEBST, X 22ALDOHETYMILL, F4
T4 ¢ \THT LRGN 72 D TR (33) DEHEAT
ZIZRW. 2k, K 32) bR (33) 12T T d;/(dy + d2) ~
EEFENRZRINTVDN, TOEEIZLY e DIRENES 72
D (RIS E L2V 1], £, X; OFEFE x O kT
IZIRE LA LSC 7200 AL 72 5. 7B, ()
BREIT — 2 LM ERRE L OB LB A0 FHRT
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4.2 BRELHRAMERICEDCEER

WIZ, KRET —4 bRAZERIETH 2 b 56 OFFANC
DNTERD. TUDBBEMOER T —2 N m BOXT L
OMTHEZbNZEL, TNBICE > TELNEZHRAZEERE
Mz =21 +Ua TET. M, 157 T2 j ORBEEERE T
DR d; = |21 + Ua— X;bs)|° £45%. 72720 a<b; iF
LAY X U3) THLRDbDETS. Xy & M, ERLY
T AR T D ROE MRS R R DT — %, Xo & M,
LRI D7 T AR T DROATHRA SRR E R D T — 4 &
L, #hozMWTErE SN2 ZhEN di, d2 & 5.
TR — 2 L OREBERFIR U7 L RIBRIC LT
I ZARARIEEREIC B D < 2R 28T, RZIELL T o
Lo TEHTES

X; « X; — 8;(z1 + Ua; — X;bj)b; (35)

72k, K (14) ZHIUSARIKREIIEREE L2581, Bt

x] —x] — 5;(z1 + Ua — (z] + V;8;))

V; <V, —8(x1 + Ua — (] + V;8,))8, (36)

L%, LROEHTIE, FEHT I BREZONLBIZa R

b; Rl L7 gz Bz, FRICIEF ISR D
DEVHIHERRDD.
5. % Bx

T, AT EEEKTT —# USPS[18] & v 7= Bk
RA&RT. USPS 1L 7291 OFIEET — % & 2007 OFRHEHT — & A
16x16 EZEADE ) 7@ THEZ b TWD., KEBRTIE
PEA DERLEHE ORI Z U T > TR, EBRTiE
% Fi¥:% CPUL.86GHz, A £V 2GB MYt PC ¢ MATLAB
ERAVWTHERELE., ST A=HTT 2 KTEAT 2000 H O
RREET — & % AV CIRE L7z, MBI ARIRRERE 2 R L 72 325k
T, 3R T X IICRIT —4 % 7 HEOLR & £ H#-
7 MV[5] BRI L THRBZRKRTRE L. 2k, AT
T —F L L TZ#BINC & D EERITFT - Tuaun,

51 BRELSHEAZMALEZENZOTIS—X

EUDIZ, RAT—ZIZHTHT—R L 1 XZ—r bz
D ORI E S S ERBAINETHAR. 1K TED
TR EHRIRE 2R T ik U 72 TR PDM, RS AR IR
FE PR 2 R B L 727%%1] (Manifold Distance Classifier, MDC & i
97, LSC (k 13Lf548%), 1STD & 2S TD #FIH L /=it Bk E
HI¢& 5. 1STD & 2S TD ClikatEEHIK DO =01, TH T

40

# 1 KT —XIxT D= T —F LB
method test error [%] | time [s]
PDM (n; = 30) 5.1 0.001
MDC (n; = 20) 4.2 0.01
LSC (k=11) 3.9 0.05
1S TD 3.3 0.1
2S TD 2.4 0.13
kNN (k = 3) 5.3 0.2
SVM (# SVs= 3220) 4.6 0.005
T T T T T T
2 - -
—— LPDM
S5 ---- LMDC ]
Q
©
S b i
)
o
£
c
©
505k 4
or | 1 1 1 N T
0 20 40 60 80 100

number of iteration

R4 BT — kT 5T T — R L E L OB

A NTF—=FD 100 85FHE=2—27 Y v REEHECERIR L72%, 3R
Uiz s — v & OIS R U CROa IR ER 21T~ 7. 72
¥, PDM & MDC TiI& 27 7 A THIRET — & h 5 EFR I3 0HT
I X RS R AR, () &N (14) TEANLEE L O3
EITo72. R 1D n; 13K 7 T AOBMEAREORTE & £ 7.

g nf-o—2 U v FEEREZ K D KNN & RBF 1 —3/L%
FA 7= Support Vector Machine (SVM) O 4 779, SVM 1%
SVMLIB [19] #Ff L7=. %1 LY PDM B b TH 508,
TT—HRISVM LV LEW. —J5, MDC OBIFER#IL SVM
F0H2/BBENAT T =R, FHTLIAEY & FEEY
A X753 200) b SVM (PR — b7 h L o$kAs 3220) L0 b
720y, LSC X 1STD, 2S TD O T —RTX A, £FIlfET —
ZEFIH L TWA R O@BNCR A 0030, HEe A€ &
RE.

5.2 RZEOHR

WIZ, 4 THRAZEZHOFEICHOVWTER L. EHRTIE
=X (34) &= (36) #F|H L 7= PDM (Learning PDM, LPDM)
&% MDC (LMDC) IZ DWW THRGEEAR T o 7. $EIEARROH)
HHEIER 7 T A TERS I L > THE LN E L & BT HEE
ERW, WEEIFER 1 TRULE DO LR UIZ L0 Cilkpleg
MIOZ I, 2RI e = 1077 & L, FANURIFTHZ
Motz FETEETOIRET —F 2 AN TNy FRICHALL
IO EH AT 72, AR TIE—EOEH 2 — [ 0FEH LTS,

B4 ZFIRT — & D= T —R L FEF A E ORRE RS, E
A LPDM, SUfR23 LMDC #F& L C\5. K2vHH 30 [A ¢
T —RIZEAEM A SN2 L 725 T D TLI, O FEBR Tl [E5K



2 FERBOKRIMT — XY 5T —F L EHREH

method test error [%] | learning time [s]
LPDM (n; = 30) 4.9 2789
LMDC (n; = 20) 3.7 3437
GLVQ 8.7 37
SVM 4.6 34.9
Z30[H & L. £ 221X LPDM & LMDC 038 % DT A h

T2 T o T —REPHICE LR AT, ko7
W, 2—7 Uy FE#ECHES< GLVQ & SVM OfE R bR
#2005, EITE Y PDM X° MDC {28\ Tt T —R A K
T&EEZENbhDd. —J7, SVM LT 2 & 2R ICET D
REEISIERICR L, BN EEND.

6. ¥ & &

ARGTIE, BRLERREERES KT — & Lo R EL K
INTF D FIRT — & OFELRES & R U72fkB 0 68 5 38
NHZEER L. Fio, —RIEFERY VR ERTL
FRARRBRREIC LS < N2 — VRN A L 72358 o H HI &8
Wiz, FEIEFERWZERICLY, GRS AR IR A R
AT 22 TROWE T —REFRTE, FEIC L THBIERE
NYEEINDHZ EERLE.

ARG TIE, ARSI ZEMIE & DHI 21T > TRV, #kAl
FEEEIZBI L Tid (CLAFIC &2 BHEDS G L FERIC) HEY
ZATENEEDRD. EEE, K ([7] TIIERM CHB AT -
TWDHR, [FEAEEBEN ERREIN TN D, BEZE
IRFIRERER V2 2 & OFIAIE, B RED LTS EIZ LT
7 CHREMN TR 720, BREHC IS < EH OBARC A —x
MU ERFEL 2 LR OND . A ZEREL I E
TS EIERIEEN 2 INTWVDHOT, BRI ERIRM R
ESSHMNGILREIT) ZENEGHROBETHD.

X R
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