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WRDT =<4 =V k1588 — VadikTld, RN AREE G0 T — 213 LT
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5 ORI DWW T, Geometric Algebra & V5 R & Fika L4 5. 2L, 7—
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F—7—F ! Geometric Algebra, T, RAETEHIMET L, BELF Z/5—
b8 a —VEER, FEERTEE

1. @FUBIC

Bea B TR E T — 2 REMENTOBBHETIE, 7 a&%ﬁbﬁﬁtTﬁ%%ﬁ?
537 —4vAZVIRETETRELLSTNS. L# ,%%@T 2w A4 =V TIZEBT S
LA LD 8 — VEERTFA TR, EBENEREE &L T — 2 (DT, El7—2) 1L T
AT 2 MV 2B REAE ISR 5. B, 2 3 XKITRICBIL T m RO 3 Rt
Bl PUREHIE N5, £ < OIERTETIE, 87 Lo 3 FEEZIEFIC m x5
N, 3m HDOFER, H50IE3m KILEXRNT bL zeR3™ L LTS, &Z2AD, ThbDRE
BEYEIZBERDERIEAT TS 728, 72821, 28T — 2 OFHIBRR & 55 2 BI5E TR &
N7 — 2L CELLSHERRPAELS RS VWS ERENETC S, 261, K2R EH A
E AT - 12858103 3 WOz TOIBIRICE T 2 BlidEbh T L £ 5. TS LU THERF
BT PERRITIRAT L R WA B 2 5B 72558, 20 &5 SR B RE iR
H X N2 2 E2IMERR T T IS OREBRIIKATT 5.
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(GA) (Hestenes, 1999; Doran and Lasenby, 2003; Dorst et al., 2007) &\ T, ¥M7— 425
D SARH 2 R 2 A7y, SIS 35 0 2 R8s KOSk &S . GADO—#E g
AT ENTEBERBBRNUITCEIZOWTE, Zh6 %2 Z2hZ o2 EGARE - R0
SRUERR A ESALEE - £ RTTRERYINE S e & 0>, 22N 20 JUBE A B B IS T D s
NELEF 6N 5. (Sekita et al., 1992; Hirose, 2003; Matsui et al., 2004; Buchholz and Bihan,
2006; Nitta, 1997; Hildenbrand and Hitzer, 2008; Hitzer, 2007) % 7=, GA fE A JIBI B D ¥E
F¥: (Sommer, 2001) BEE SN, ZOEMEINREN TS,

FETET GA T K- Tl U 225503, AMHBIROFEIZE 7 — 2 50 movEICE, |
WBHZENTES., AW TIE, T — 42256 GA & W TRV 3 2 R —
ADGSAIIR LT, IEHI AR fl:fﬂ Vﬁ%r)lﬂa}?%jét‘ %2 7 A5y HRENE S 5.
REFLETEL T 2 EBOREHINIE, BERICRGET28DL LAV DD 57280, 1
B GMM DR I#XA—bwﬁﬁW%«wﬁméhﬁié.&ﬁr 2 D% 5 A5 FEF
Ol LT, UCI VARY b Y (Asuncion and Newman, 2007) D F-E X 7 (Bee) 7 — £ #
5. FEBRADET N EHCTEEOFEE 7T 25T 56, HHLWT — 2 0)
RNV T — 4 DPEFR & 72D 3:4‘5(#5 LIFEZIZV. ZOROARTIE, TA b
T =R T VX LR A 7236 O oy FAVEREIS & 0 M & Rl 5.

2. Fi&

2.1 Geometric Algebra

Geometric Algebra (GA) IZfREMEEDO—FETH D, 27V 74— FMREE ST B, FEXY
PLZER R™ICIE, IEHERHEE O={e1,...,e,} EEDDIIENTES. RPN D GAIE, K
FaTIX G, TEL, OMHADFEAN TR & REAE « MH (geometric product)

ot (i=7)
1 S { —eje; (i)
RO ENG. BB, oD 5 HEIBEROREN 2= -1 EEBBAS, rk

PREDTFENED BT TH D, LUF O % Ak %T%é ARTIE(2.1) DBEDA
2ELB.
WE, RUICBEVWT2ADNY ML {ay=3 anei,l=1,2} 25 A2 5. Thb6DOHEMEIT

(2.2) ajas = Za12a22+2 Z a1iG2; — A1;02;) €55

1=1j=i+1

k%, ZZTej=ee; THO, ITFHIRKICHEIT 5. 51 BIERT P AL FERON
Ta -a THY, NEITNHFRa, - az=as-a; THB. B2EHINE a; Aay EIFFETNS. 5t
T3 Grassmann ONAFEE S FEIE N a1 has=—as Aa; &4 5. FE2HHIE, 271 —F&
SN B, 2T L — FORIEANL, /N4 RT PLEEh, {1,...,n} 56 2 D& BIEE%E

={iviz|[1<ii<iz<n} £§BL, ¥, wer,wreRELIND. B, ai=rakecR T
HBHLEFE 20T 0L LS.

WIZ, ajas=aj-ast+aiAas EHEIDRZ bl ag EOXMEEEZLS. 1, a;-axeR
THHDT, (ar-az)az BN PLTHS. —J, (a1 Naz)az=(>, .7, wrer) Y, azie; ThH -
T, 5 I=i1ix IZXHLT
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e, (i=i2)
(2,3) €r€; =€;,€;,€; = —€;, ( .1)
€iyigi (11 #1F£12)
THb. &oT (a1 Aag)as 1FN7 PLER(2.3) DL 2 FIZE54 T 580 OKM) & 3-7TL—F
ar Aaz Aag (R (2.3) DT LATICEEN T 2880 OfAD & I253F 6. 3-7 L — FORIEAIG
FTANRT PLEIN, {1,...,n} 225 3 DEBIED T3 = {i1izis| 1 <i1 <iz<iz<n} #H
W, Y g, wrer ERINS.

PUREBRIZ, BVIZHSLZE a,... ag, (k<n) O a;---a, 252 562, 7L —F
ai A Aay BBET S, FEO -7V — FOBBAITH 5 k-2 MU, {1,...,n} 25 k
MEBRSES Ty ={ir-ix | 1<i1 < - <ip <n} 2T, Zlezszez LkIhs, %7,
Ti={i1|1<i1<n} ZHNT 1I-TV—=FTHENT ML %, Th={0} ZHNT0-7L—FT
HBANT—k, TNTNETIENTESL. ZHF—IZO0WTdey=1ET. G, D7
L — F&kE \FR", X7 FLAkE g L KT,

ZZT, n<3TRO<k<nIZOWVWTTRTD k7 bLIEFRFIZ TV —-FTEH5b. D
FOEARDONT PLONETETZENTES., 2L, n>4 T, -7V —=FThEVWEXRT |
UBTEET S, BlZE ern+esa 13ART ML THBD2EKDONY FLOFEE L THRKERND
T, 2-7L—FTIEBW. k7L —F& kXY MLOBRESD T+ 5 & NFR ={Acgk|
{bi,...,br},A=bi A Aby} TH 5. G, DI MBI AL, T=U}_ Ze=P{L,...,n})
EHWT, A=Y, wier ERIND. ZTTP() BIRFHEAGEERT. K0 BEKNIZ, G, D—
BeDITIE {1,e1,e2,e12} DFFEHITH D, Gz D—AXDITIZ {1,e1,e2,€3,€12,€13,€23, €123} DFFE
MTHD. &7 (Ap=3,c7, wier EHOT, A=30 (A)p EEERIND. () F X2 b
LER DA ER TR E AkB B, ZH T =80 &80 HEEIE ()= () &MEiLT 5.

EA<k<n)fHONZ FLOKMfEEE DB L,

1
a1 € G, =R"=/\R"

-~ -~
I
-~ o~

2
ajaz € 92 @ /\Rn
3
arasas € G, @ [\R"

Giagie oGk 2a A\"R" (0dd k)

GhaGiao-- oGk 2 A\"R" (even k)

Lib ZZTHEAEABIZOWT AeB={a+blacAbeB ThA.
2.2 HEuhd

nYILTO m KDNRY FILOES E={p1,p2,..,Pm},Pi = [Ti1, o, in] B DIED T EHT
X BHHMOL L,

(2.4) aijaz---ag € {

m
(25) Fl = {xl,l,...,xlm,...,xm,l,...,xmm}
m 2
F" = {z71,71,121,2,.. ., Z1,1%m,n—1,%1,1Tm,n,

2 2 2
T1,2y---yL1,2Tm,n,--- 7xm,n717$m,n—lmm,n7mm,n}
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F o (3 2 2
3 = {171,1,171,1301,2,---,$1,1$m,n71$m,n,$1,1xm,n,

3 2 3 2 2 3
T1,2y-++9L1,2Tm ny--- 7xm,n717mm,n71$m,n7xm,n—lxm,n7mm,n}

DR Fie = {X e wsd | wo ER} ISK > TRF T EHTES. L LIFEOKIE
(2.6) |FT"| = nm=O(nm)

m LI m(m+1) 9
75 = Y1l = o)

m

5" = ) |F5|=0(nm?)
=1

[F =Y |Fia|=0(nm")
i=1

EIERIZED, FBIREIC BN TZNS OFTNTHMINAE LRI A2 SI3BR S v L,
INEDIRTCEFEHETIVICANT S Z EIEEHEDOWE D SBFEN TRV, 20720, Z0
K 2 RS D 5 B Y] e By 24 % B § B MEN B 5. R DOFGEILT F kv 21247
bNTE-.

ek, AR B AR IS D W T A A TS RE S B, AV o4 VT
& E SRR T ORFEdm I 3 B 18 L 2 PEEAR B (Bahlmann and Burkhardt, 2004; Guyon et
al., 1991; Hu et al., 1999) % < i3, Z U LELOER RN 7 1St 5 v, 7k
AHAE RS R DA DR % 52T 5. % Ofth Connell and Jain (2002) 134 ¥ 74 ¥ FHE LFD
FRMEEICE LT, 6 MO AIRE L. 6 D S b AMHIZ £ ICE&Eh B, R
D DIAERIZAZE & 2 OO ZNFIUE 2 KDY P L pipg —pi & pi — pioi1 BIOFIE 0
1245 cosh BE U sing EARBIIZED ST, cosh & sind & Fp IZHE NS (XRVEDHE
LT pi & pi ORIBRAEZE Z 72 2 FSAA R E LTl 9 2). 72, EigGEETHWEH D
F— A Y MEFH(Hu, 1962) B K OHEHEE — 2 v M (Abo-Zaid et al, 1988) 1&, &TDRZ
AT 5 —LEEE— X Y FTH D, KB (pq) DE—X YV MEk=p+qELTF D
B {afad, li=1,...,m} ORBHITEE NS, LarL, ThoDE—X Y FAHE{RIZH LT
KENTBEEN S, T— AV P TERY ML (IBOEAITE 2 L) OBRIIEE S hik
V. DFD F BV it Ex B a2, ORBUIHIZ0 &%, 22T, AT, [
BICAZETHY, N7 PLBOBREZET 3 &5 LR E &0 728572 % GA OFMIREIC
ORI T 2 F LA HRET 5.

N FLOEE, £721F, RII(EFOXHEE) = {p eR",I=1,...,m} 6 DRHM &
Bl 2 LT O &L 5 1ITET 5. £, ¢ BN PO (EFAE L) EETH 35844
A5, Bk TL—FLRQAY)TE=20DLXICHBTIZAH 5 - ZNEFNEHE L THt
FTHENDHET, ZEHENRT PLOES S, n/ =min{n,m} ELT, ITO ' + 18D D
B 284 5. k=1,...,.2/ 12DV,

(€) = {{p1, p1y)} €R(mCD+m)
=1

(2.7) fo
Fi (&) = {(p1y - prper ), I € T} e RmOr)1Tw]
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ZZTT, e;l X e DWETH V), I =141 @i%%efl =€, ' €i,€ Th 5. PiPi+1 " Pi+k—1
D e DIREUS e, LORMBEANEL 2D A 77— E LT, WMOMTZEenHks.

WIS, ENRBRT FPLORINTH 2565515, BETHILELEMKICY + 1D D
FeEdit 2 B4 225, & f THil SN B REOXICE s 5.

(2.8) fo (&) = {(ppi41)} ER™T
fk: (5) — {(pl .. 'pl+k—1e[_1>,l e_’[k} c R(m_k""l)‘zk‘

DL, Wy e USEA LD BB 2 Rl &2 R ISBEA L 7=, fo BNRET S
D, HBEHXRZ ML p;, DROTEHRY L py, IS AT ERSOEXIZ |p,| 23728 D%
ARY. R SOEEE A R T, fo 132 ARKDNRY PILBEILER A XY ILSTIENCAE S T
FAETRT. f3 133 KDORZ PARKHIE P 54 X0 PVHACIES AR ERT. fo LD £
ORI FHIEERLR O [ FI AR AE L 2o,

% 72, HHBD Connell and Jain (2002) 2MEE U 7z Al A% 75 2 FREHORFUL |pis1 — pil|pi —
pi-1|=7 & LT, cos(0) =7(pi+1 — Pi) - (Pi — Pi-1) =7(Pit1 Pi — Pit1 Pi-1 —Pi "Pi +Pi -
pi—1) € fo £, sin(0) =y(pi+1 — Pi) A (Pi — Pi-1)ers = ¥(Pi+1 APi — Pit1 APi-1 + Pi A
pic1)e, €fo 8D, AMIFRTIREL ZZEMNY FLOBEADORBIZEEND T &G0 5.

UCI LAY M) OFEFE LT FHEKTT — 42 6 EYhhR | THEREIZ s DDOKA ¥ b
E={p1,....,ps} MO WT. ZDOKA Y bDRININ S, Gy ML ZEREFRIT K 0 R
M AMAMETES. 22T, pi=me +ye: THY, Y5 2=35 y=0 EHFD
FOICFEASDETHEE8DET S, W LICTFREET T OflEZRL, K2 IcFHEys
‘H & OFlERT.

Refgdhty fo 13, M4 % 2 oWk E T 5.

(2.9) fo (&) = [(P1P2), ..., (P7Ps)]
= [z122 + Y1y2,. .., T7xs + Y7ys] € R”

e s

Xl 1. Examples of hand-written digit ‘7’.

Hital,

2. Examples of hand-written character ‘H’.



190 WatiH 6% 25 2008

Fefcibity fo 1, REMEHTIEORTERTE K< ibh 25 LT, BIEEZ 4%,

(210) fl (5) = [(plel_l>7 <p1e2_1>7~~~7<p8e1_1>7 <p8e2_1>]
= [p1-€1,p1-€2,...,Ps - €1,Ps - €3]

= [x17y17"'ax87y8] €R16
et £ 1, dhid 2 2 oSzt 5.

(2.11) f2(8) = [(p1p2e1a ),..., (P7Psers)]
= [P1 A P2,...,P7 A Ps]
= [z1y2 — T2y1,...,T7Ys — T8Y7] eR’

2.3 ZUIANEMEBICHT 2P HNDEE

AR TIE, AIEHITHRRZZIBEFT RIS K > T L 2887 — 21220 T, T— 4 5MmE%
FL, 2275 205 FH%A4TS. Gaussian mixture model (GMM) &, F—Z W2k 5T —
2554 % MO IERAATRERT 5. 22T, M=1DEAE, 2HINCHESY T 5. GMM
1337 A =2 0={8,u;,Z;} ICX>THRHEOTF6Nb. 22T, 8, p BEXOZ; ZZhEh
FBEEDH D 25 MOREL, FEE X CHGEITHIITH 5. GMM DI,

(212) P(E1©) =3 BiNa(f(€) — nsi %)

TERIND., ZTT, Ny() BVFERFERTH S dXKICH Y A5 mBkE&RT.

AFRET =4 X={z;=f(&)|1<i<N} 75, EM 7L 31 X A (Dempster et al., 1977) IZ
£ GMM D37 X —2 @ LIBIEAER Z ={2;€{0,1} | 1<j<M} &Kk 2. ZIT, z;=1
BRT =2 2 BCGMM O j FHOH Y 2B T 5 2 L&KL, YN P(zy) =1 &HIC
Wiz g, WINEE LT, 2y 20MISERT S, 2LC P(2) L 0WNHKETEET, BT v
7" (Expectation) & M—2Z 7 v 7" (Maximization) Z#0DE L, BHEER Z L35 XA -4 0 %%
NEZNEH T, BT v TiE, M XOE P(Z|X,0)xp(X|Z,0) 12k, BHEEK 2
DIERAZTEH 5. M-ZT v 7iE, BE1(0,X,2)=p(X|2,0) ERALTELIIZ, HY 2
DL © #BHT 5.

LA L, GMM DK &R, BHE/ ST X — 2 BHEITTBO 2 (d?) LA M L
THEA D78, WHEPRIZZLTHS. AT X — 2 2 BRI TIEE, #ET—4
DA & EHEICERITE B0, EEHLAWT — 2 IS T30 Min 6@ >TLES. ZOK
RUEAERIT 5 72912, Meinicke and Ritter (2001) 242%E L7z K 512, &H U 25504 D 0 HUT
G AR L, KESEAWEICTIET 258K OBREANDE ZLI2T5. AR T —4
X 23 2 HAEATH O BRI Anax EHST A =% ac(0,1) #HHL T, A =admax
D KEBEAWEISGIRT 2EAOAERNSZ L1275, Db, X(2.12) ZIERHL

(2.13) p(z|©) = Zﬂj [TV (& = ) - o 2

~ DB {HNl ((z = py) - “W‘k)}
j=1 k=1

< AN (& = ) A=)
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x Learn GMM,
D3¢ . by EM algorithm

X 3. Flow of multi-class classification. The top diagram shows the training of the
GMM for class C € {‘0’,...,‘9’}. The Dy denotes a subset of training samples
whose label is C. The f: &+ x shows feature extraction. Either of {f1, f2, fo} is
chosen as f. The bottom diagram shows estimation by the learned GMMs. The
same f chosen for training is used here. The GMM¢ outputs p (£ |C). The final
estimation is C* =argmaxc p(&|C) P (C), where P (C) is the prior distribution.
The set D3 consists of independent test data.

EFB. 22T, MG BADOH Y ASAD k FHICKZ ZRBEHME, v, 132 5T 5 E
AR MLThHD. £, k<g e Mm>A TdY, (z—p)_ dq¢ FHETOEAGRZ b
EHERTIHADOESTH 5.

%0 7 2 HREORE LT, FHEEEHOWNAEX 3187, X 30 EEBoOXIZ,
FCe{0,...,9t H GMM OD¥EDFENERT. Dic 3T C OFET—2ThH O, Fehh
W fe—aiE {fo, fr, o} 2 BEIENS. X 3 DTEHOXNIZ, FEFEA GMM IZK 5 5FHD
WhAERYT., SO FISIEFEERERIC F 2HW5. GMMe BHEREE pe|C) # T
3. I C*=argmaxc p(E|C)P(O) 1K DR EN1T5. 22T, P(O)IEC DF
BB TH D, VO,P(C)=3% & L7z, D3NN TF—=Ya VAT —4¥y b ThH%. & GMMc
DIRAEB M IE D 1T REICLDPEL, 208, RELEZ M EHNT, D I2x¥3
SRRINRIZLD, a ZWETS. Ds 3T AT -2ty N ThH 5.

2.4 IXX/)X—FDESE

AHIBEEDOEETELEL, T—45MD¥EETI ZEDKREL A v NI, 5555 EO
WERERSTAZLICE->TLDEHTEZHHmEBONIRBETFONS. GA #HWTE
H9 2 SR, TR ZhEm 28>, 2ho DRz LEM &2/ 72912,
AWFZECiE, kAo, HEFHRDOEREEHNT, SHHE1TS.

(2.14) pElO)=]]r(©)10)

% GMM DI85 A — 2 IZIFHHIClR R 2EE TR SN2z DA WS, X412, GAIZK
DRSS fo, f1, fo ZBLHGROBRBICL D EFESHT RN ERT.

X (2.14) DRBZRIERDORDIZNIZ, ZRIEHZAZONEH, 27 ZFUHRZF 25—+ D
Kbz, TF 25— Mk 3RS ETREZIGENEL, ZOHARZLERT
ERNVEVWIRENRD B, $77, BREEHE 2NN S ERE SATED, BIRIZERIZEIME
WIF 23— MIEWEHIFTE 57280, AR TIEA 214 128D % 28—+ OFFIREHR %
RET 5.
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S HGMM,

D,,D; 3¢ £,OMME (X p(§|CC‘
- HAGMMe ;

[XI 4. Mixture of GMMs. Three GMMs via different feature extractions are mixed to
yield output p(¢|C).

3. HEERREER

3.1 FEXXNF (BT HiEHRE

UCI LAY b Y D Pen-Based Recognition of Handwritten Digits 7 — % & v I (BI'F, Pendigits
F—& %y ) B XUI Pen Characters 7 — & X w b (BL'F, Penchars 7 — & X v ) & Hw
T% 0 5 A RHOBMEERE 1T - 7=

Pendigits 7 — & £ v M, 44 AE N2 10992 %V TSR ENSE. 44 AD S5 30
ADBFHN 7494 BV TURFEET -4 Dy NV T =Y a VT =4 D I3 6h, RO
14 AWRENZ 3498 BV TR T A b TF—4 Dy ELTHWONE., &3V TILENET HEE,
500 x 500 ¥ 7 YL DRGIE#F5D 4 7Ly I 1T 100[msec] BBEO RV RN ER NS,
RYEOWEREE 70T 5 8 KA Vb {r} AERXN, HEHAIORAMA 100, RAMED 0 &
KL r=)vraEns. KT, GA Z#HOVBREHANIEYY S, pp=r—T &,
BrohbEFibNe L.

Penchars 7 — # ¥ v M, 11 ADEN 2 26 FHO LT (KXF LN FZENAD I T 2L L
V) & 9FHOBTD 1364 BV TSR EhS. 27 20K 352 T A THDH. 7
flid512i%, 11 leaving-one-writer-out tests &\ FiEEH WS T 2 b 2772, D% D, 11
ADBEN 2T =2 DB, 10 ABFW T2 %2¥FF—42L L, BROD—ABREN T -4
ETALT—2L$3 1180 %8 - 72 F=821y PR IhSE., N)F—-v 3V
F=2EFHLAENWZ & LT3, Pendigits T—4 £y b ERUKIIZ, RVEOHERES 7%
585 8HKA Vb {r} &EY, HEHHORKES 100, H/MEA 0 LAZXIICATr—) T
T5. GA ZHVAREIMIZEL D, pi=r—F &, HFOHLEREE L.

3.2 BERHEHMEHCREEIXR/N- FTOHERR

Pendigits 7 — & £ v b T, FEAML £ € {fo, f1, fo} DEHAIZDONT, a€{0.1,0.01,0.001,
0.0001} D 4380 T Dy ZFHLZNTN Do 1S3 5 0B E ATl L 72, ZOMEREE 1
IRY. R, BRI ORAMEIZ TR A5 Rl fo, f1 12DV T a=0.01 28R
N, R f2 1290 T a=0.0001 28ERE i

# 1. Correct classification rate for Do of Pendigits.

o T 5 fi £ ]
0.1 89.89% 92.21% 95.52%
0.01 94.40% 99.55% 96.88%
0.001 ([ 93.76% 99.39% 96.83%
0.0001 || 94.00% 99.33%  96.93%
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% 2. Identified models and number of misclassification via coordinates fi of Pendigits.

(o [P [s [T [F [w 7[5 ]7]
M 4 9 6 3 4 7 2 8 9 7
q 581431167, 9 |83 31| 75}65]|581]73
‘o’ - 8

‘v - 3

2 2 -

‘3 2 -

‘4 - 1

‘5 4 1 - 9
‘6’ 1 1 -

‘7 23 2 - 8
a -

‘9’ 1 1 19 2 -

% 3. Identified models and number of misclassification via outer products f2 of Pendigits.

[ Jo]Jr]o]s|e]s[e]r]s]9]
M1 [3[s]als[1][s5]7]s
gl 7les| 777|777 7]7
o] - 1
‘v AR 11 ]1
‘2 HE 4
1l - 3 1] 2
‘4 - 9
‘5 2 [ 1] - 3 |20
‘6 | 1 8 - 2 | 8
v 9 2011 - J1w0] 2
‘8 1 -

‘@ 1 14 8 [ 1] -

#2102, B f 2O EEAORE AT 5 GMM DIRAKR M & EYEAERIROCK
G= LU B &V Dy ST B EAERAETRT. & 2 OBSERO A, =06l LT, 0 OfF L
@ DOHDXIZ, ‘0 THBT—FD>5H 8%V TN ® L LTEMHEINA-Z LERT, #H
SPREDREUZ 90 (EERINE 97.42%) Th - 7=, [HkRIZ, £ 312, SRS AEME TS £ %
L -85S O RART. MOHEOBREIT 176 (BHEHRINE 94.97%) Th 72, £ 412, N
R AT 3 fo 2 L 25RO FILEEM RS KO0 2R, BB
13316 (S FERIIEE 90.97%) Tdh - 7-.

%2, 3, 41T T X, BEHICE ST, TR NTF—2ICHT A0 RA RS, B
B f T, KBRS Y OBERBRAME NS 720, ERICESER DG Ly LGS
KEdds. WA 0 DEET -2 3EEAERTHFZORLIORTAT Ly bOE ER
EHEXMH{OONT 2D, TANT -4 THEPOEHZIBD O DS 0 1S3 L, AFITHM
L7z, fa & fo Ti, KR4V b OEEEHRNEDNS D, BFEOEHDNE ZITEIrNZ20IC




194 WatiH 6% 25 2008

% 4. Identified models and number of misclassification via inner products fo of Pendigits.
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% 5. Number of misclassifications by mixture of experts of Pendigits.
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# 6. Correct classification rate of Penchars.
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Feature Extraction by Geometric Algebra from Geometric Data

Minh Tuan Pham!, Kanta Tachibana!, Eckhard Hitzer?, Sven Buchholz?,

Tomohiro Yoshikawa! and Takeshi Furuhashi!
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Most conventional methods of feature extraction for pattern recognition do not pay
sufficient attention to inherent geometric properties of data, even where the data have
characteristic spatial features. In this study, we introduce geometric algebra to system-
atically extract invariant geometric features from spatial data given in a vector space.
Geometric algebra is a multidimensional generalization of complex numbers and of quater-
nions, and can accurately describe oriented spatial objects and relations between them.
We further propose a combination of several geometric features using Gaussian mixture
models. We demonstrate our new method by classification of hand-written digits and
alphabetic characters.

Key words: Geometric algebra, feature extraction, Gaussian mixture model, pattern recognition,
mixture of experts.



