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Feature Extraction and Statistical Pattern Recognition for
Image Data using Wavelet Decomposition!)

Minsoo Kim?), Jangsun Baek?

Abstract

We propose a wavelet decomposition feature extraction method for the hand-written
character recognition. Comparing the recognition rates of which methods with original
image features and with selected features by the wavelet decomposition, we study the
characteristics of the proposed method. LDA(Linear Discriminant Analysis),
QDA(Quadratic Discriminant Analysis), RDA(Regularized Discriminant Analysis), and
NN(Neural Network) are used for the calculation of recognition rates. 6000
hand-written numerals from CENPARMI at Concordia University are used for the
experiment. We found that the set of significantly selected wavelet decomposed
features generates higher recognition rate than the original image features.
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oA s AmRAT dolnd Rt HREF, AzAHFe Bobld Tz ATHolg
9. £% A2ol: SAFERoRIAE donade $8% AFE0] Bol HoAch(Chang and

Jay Kuo, 1996], [Wunsch and Laine, 1995], [Tang, Li, Ma, Liu, Leung and Suen,1996], [Wang,
Chen and Lin,1994]). 2136, EAFZAM 7|£ dolB L o]43 HITEL FF Holetd o]
29 & ZolAY MA fojetdo] 2oA Agro] EFAINE FolFe HAFHOR o|FFUoY
B AFHE A E F4E EHoZ vy B8 EZYH(wave form)d AsoA golE Y
£ o &% FHAAE F3 A HAEFE Aoz R AAES =9 AFE A (Buckheit
and Donoho,1994)
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[194] Akl o)v) [295] 1RAZA dond B olv]
(e, 24, $4, 3 19e 44 Y, &

A, A, FASHeI )

3.1 2349 9 o)B A(Two-Dimensional Wavelets)

42 V2 V= (fel¥(R): fE R, (k+1)277]e1A piecewise constant, k= Z }
2 AHog o, £ el 129 T3 V, 5 "M Fltensor product) 22 234 I V& AT

o245 239 MRA(Multiresolution Analysis)E th&3 #Zeo] #3438 & Ut

V, = V,QV, = span{ g1(x)g:(y), 21,82V, }
Adole] joll datd, V, = VRV,E2 Asd, 2RI subspace) 5] J&FL2 dd 2

[1] .G V_ZC V_IC V[)C VIC Vzc,,_

(21 N ezVi=10,0), NV, = LYRY

[31 feV, & A2-,2-) €V

(41 rfeVv, = A-—k, —k) eV, foral k,kheZ

£d ¢ AAYY F4(scaling function)ol&n & o, O(x,y) = S(0)S(NS D;4 1(x, )
= 2 0(2x— k), 2y~ k)& Hol3H,
5] A% { Ojppp /o ki, by €Z) 2 AFHL7A(orthonormal basis)& T4%t.  WE

VA Ve Amnazielst e Ve 93 gol ¥dY 4 lrh
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V]'+1 = V+1®VJ+1
= (V,;® W) & (V, W)
= ViQV,® ((V,®@ W) (W V) & (W, ® W)
= V,® W,

o714 MR- F3Hdetail space) Wi Al 7He HuREZoZ o]Fola Y o] A Ao B
 AFEREL dZo] 259 2459 WA F(tensor product) ECIEZE 23 dojByg& t©f
=% 2

o] A% F Ak o] W, ¢& dojEa F(wavelet function)oletx o},

U x,y) = $(D»)
Px,y) = g0
Plx,y) = dx)(y)

AREFH W AFAazlAe { T, (6,9, m=1,2,3,k, ke Z} o]t}
o, 7, (x,9) = 22U (2x—ky, 2'y—ky)olth

3.2 djolBl EIE o] &3 5 dueF

[1] el A5 E 16%16 %4 (pixe) 2 A 7F5Heeh,

(2] st olujxle] sl obzlish o] 2abel lolngl £HE WA HA B,
olif DL, DL, DY, C_; #z& AjuA selnd 2o 44, £, u4d, 375
g elm Aol (=1, 2)

DY, DY,
D, | D,
D~
C_, | D%,

(3] MsdEye] oef ASRRE WS WAV
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4. A71A A AH 4F
41 A¥As 2 ¥599

121e 9% Az E CENPARMIMA -8 088 97219 "2 A <AAREA 4 =2 G
6007 R RgE FAHO . o] Fo A 40007 F W K E (training sample) &2 o] £ H Y
200070 & Al ¥ X (test sample) 22 o] &5 Sl

HA 9ol ojulA] AHRE AFIHE =RAME FFEYHOZ Yamada & (Yamada [1990]) €]
WAHY vl & 3 U g olg3d dA¥ e &Hf3H(Nonlinear Shape Normalization; NSN)
E o]&3Rt)E e 16x16 °jnA a2 WIS

ojg A Wy 2AFE Ukx Heje Asz ¢E A¥E s A AA 5= A4S Hqt
e AA 2567 AR, F oAA A5 Add A52REH FE-FA A (partial F-test)g 4
Akl 7 GEgHEoe) Qe WEE AT 6 W xAH, A HA s Astd A2 st
Aol B A Ra)(Haar wavelet decomposition)& A 14-F7k2] AAg oS FE-FHALS 2AE
of 714 Jgol e 648 MR MAG AE, Lo U WA Ase Add A5E
3t dolrd B A 25F/X A oS RE-FHAL AAst 7Hd gskdo] gl 6470
g A5z AAZ 257 o] & HAT )M WHF F£E 64ME FAHT AL AAEFY A4
256 1/42 &35t Q4 Z2HE 27 A3 A H) A AT

sel Awd o 7S FFO ARE gt 2ol (12 Bsack

Ao o Azol U

or2h6 AEE A5 (256HF)

B A75 9 Ane9E 22 FdA(partial F-tes) S o] 8319
© MM AR (64AF)

o A788 AR2 209 AolndEa(sa)s B8 F-a4e
v o) ge] MEMUE RE(64WF)

o ATHE AL 20Y dolndRaere)s L8 F-A4S
W

o] &3] WAl A E(G4UT)
(®1] 28 A=

g3 olA¥ e BEurHe HMPEudEEA(LDA), olxtdE s E4(QDA), A EE4RDA)
9} & 3 (back-propagation) 8t o] 22 o] &3 AAYEH(NN)G 47HA] o] o] & FH AT,
AEAPREML (go] AFAFY FTEAMAY AN AAHE 240G @D 22 3
FrE AT
dix) = —2u; 3 'x+ ;3 u;—2Inp(x) (4.1)

A i = xo= R, T [ = LSRG A= a0 els,

>
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o2ty WERAM L A7 HAFAL MR SHA sHAHe] glonz FE RATEA 8
2& AHRSHA] ¥3 7 JdoAM HaEn FERA PH 2B A ST B SE 42)9 7
=

d{x)= Wn|Zj+(x—p) 27 (x—p)—2Inp(x) (4.2)

W, G = x = - 5= L - aax, -y s

y My x; n; lej [ n; l; X i HiNX M .

), BRAGe 471 g, SAEF S0t pUul, AF BARAY o)y BARAN 24
ok 3 mel $7b 72 gpep(pe1)/2, gprgp(p+1)/2 ol Bz o] 4¥k Po BHUTel 49
ol 7 U e Fede A FTERA PHo AL Aus 5 Quk 1A o)d A
& ERo 2AE F BBFAY AS5E 04l BUEABL opUAW BT 4 ByS pe
A9} 2AGS A AR BAPMo) 9o RABuGE BT ARG B =Ry
© Friedman(1989)2] A &3} wRlg &3, o WS 437 o] TE FEAYZ IT(Q)

2 Ll

S(A, Y = (1-9» S + %tr{f,'(/i)]l (4.4)

gAlgEldE, 24 A(0<A<DE %5 FEAFL sk 2t Aol FEA o slodrs U

BUla, oq71e) B4 yE AP 2AdnEA FATeddE nhe 32 e 2E ey

S Folil A2 ¢S T LFFALS FANAE EHE deth o] F e BRE4E e TR
g o] &3t A3 A= 459 2k

228 & =&AAM e ™I back propagation)dt5o]B S o] 8T AAWRIYE BBy
2 olg3tded gHgdtFolEelad AR sy HolE FAUrste weom sEx
(weight)& Z A3l dHgo = =
g A= FgHolEolu.

i
[0
=5

42 2341

dge dolX 2B Wz ArEel W Ao WA ERuddez ANFAEd Avd
A4 go] [E2lel Helslo vk,
A WA, Aae ARAS SN Jbgstel dAHE ARRAEAY FoHE or2sh,
wl-64, 185 w2-649] AF} orp4utt o £ ABE molm vk

F oA, AR AR ARHAT SRAS shge] glonm FE RUTEL FAL Ae
A g 7 gueld BET FEA WP FABL ABEE 0|2}y
w1-649 w2-647} or64eltt or256K Tt A o & AI}E Bolm g
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AEFEY %)
2EPY | AR
0 1 2 3 4 5 6 7 8 9 | total
or2b6 | 975 ) 915 | 7701 7801 90.0 1 90.0 | 920 |1 935 | 87.0 | 87.0 [88.35
ort4 94.0 1 915 | 73.0 | 775 ) 87.0 ] 86.0 | 905 ) 93.0 | 84.0 | 81.5 }83.80
LDA wl-64 | 965 | 92.0 1 795 | 780 1 920 | 875 1 91.0 | 945 | 88,0 | 885 |88.75
w2-64 | 975 | 92.0 | 77.0 1 7851915 1 905 | 91.0 | 945 | 86.5 | 83.0 |83.70
orzb6 || 87.0 | 80.0 [ 905 | 55 (805 | 750 | 970 | 745 | 86.5 | 87.5 {82.40
ort4 935 | 900 | 89.0 | 835|825 835|960 | 845|920 | 895 [83.90
QDA wl-64 | 975 | 87.0 | 9751 91.0 { 935 | 915 | 955 { 89.5 | 96.0 | 95.0 |93.40
w2-64 | 965 1 80.0 | 975|940 19151 91.0 | 945 | 835|960 | 925 193.80
or256 | 100.0 | 100.0 1 90.0 | 90.0 | 92.0 | 955 | 96,5 | 955 | 92.0 | 94.0 |94.55
ort4 975 | 965 [ 87.0 | 87.0 1905 | 9301955 { 93.0 | 92.0 | 92,5 [92.45
RDA wl-64 || 99.0 | 98.0 | 91.0 | 920 | 945|945 | 975 | 95.0 | 95.0 | 94.0 |95.05
w2-64 || 995 | 99.0 { 935 |93.0 | 94.0 | 935 T96.5J 95.0 | 94.0 | 935 |95.15
or2d6 | 965 | 98.0 | 86.0 | 865 |93.0 | 93.0 | 96.0 | 9451 94.0 | 945 193.20
ort4 955 | 97.0 {84.0 ] 8358301915 |93.0]915 875|915 |90.40
NN wl-64 | 960 | 96.0 | 90.0 | 87.0 | 96.0 | 925 | 955 | 935 ] 935 | 985 |93.85
w2-64 | 975 | 985 | 89.0 920960 | 90.5 | 975 | 945 | 955 | 955 |94.65

(F2] s Rgo FHo wE A F9 vl
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WE A%t o £9E ¢ 4 o, RE A=) st RDAS NNEHEHY A4 Fo] 7}
T ESE Y F U
Y
0.1 04 | 06 | 09
0.1 193.05 01! 92.15| 90.75 | 86.65
A 0.4 92.30{92.80 | 91.85 | 89.10 A 0.4 [89.55|88.40 | 87.55 | 84.40
0.6 |91.50{91.30 | 90.80 | 87.95 0.6 [88.30|87.15| 86.35 | 83.90
0.9 /89.55|89.80 | 89.50 | 86.75 0.9 86.55|85.75| 85.40 | 83.45
< or256AtE Y QA E > < orb4ZARE QA & >
0.9 0.9
0.1 |9505] 89.15 88.80
A 0.4 192.45(91.55|90.40 | 87.25 A 86.90
0.6 191.45/90.40|89.30 | 87.00 86.35
0.9 |89.30|89.15 | 8850 | 86.45 85,85
< wl-6474 859 QA& > E >

(23] ZF 252 A9} yo WE RDAIAE AFgn|m

I 5 ze il

ToY FEolAT. & AFMe 71Ee EARFE Wyl 7E )7} Z(mechanism)S o] &
sto] 5 FEUNG 20 A oln x| Amo] ) HolH Y Fale} kel EA R
7IHE ol g3t 5L Hdestes WE e mes Eaux o

5, AL SAF2d 23 dol2Y BEE ndeA © Mg 2 olfE YdolHE AF
Aol Al 54, 30 54, 5442 54, dAME EXL 44 BE F o A
olAth Aol FHME AAlEte] AL 7 gojng QAEL A BEH SAY 9, 57
HdAd A B4 (detaiDe] F 7FA R TR P 2dY £A040 dolME BANTG 7
< AAT SAEN, i, QEE 5o 54z Z onr) gda dARAY. = olF: e
M3tE e AME SAEL mAggeR Held $ s dAADZ WEHdE(R =24
T FEF-AA)S T AA"EG A3, B =EdME ol Ee ofd YHBZL 39
HErm Bl o Ed FAANL WEMENES S Q9S24 4 QYUY A
TP Be ¥ dYE g 2AE A9 3y £F9 HEH EAo| Y

T P =ddMe 2xel FxARAe da A7 AP o 3H(Haar) 9o RS
ARG FEE 157 25502 2SI AT A R2Y¢Z(Data Compression) S A 72
32 7)1 A & (Coifman and Wickerhauser, 1992)9} ©]1& 139 A& (signal)e] Bdo] $83F =
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23871 A A @ (Saito and Coifman,1994)E ¥ AFo o] &3ttty 2214 deolnde FH
S JdEZT IS ol&std ZAE + Y& Aol

AZA o B =28 2o 20 Ao gloj dAste AR E4E Vs &
o Ry sty AFgn, 2 WHoeR Ad wie] dejHy B F FE F-AAE o83
wHlol 9tk o] AFE oA AlFEtE dAolEE dojBadl B F W & A= TA
5 AFsfor & RBRo] Bg B oy} BPE 48 sXE FAHIAY MEE otoltoE F7}
k=3
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