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(Morphological Interpretation of Modified Karhunen-Loeve
Transformation and Its Applications to Color Image Processing)
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Abstract

A modified Karhunen-Loeve transformation technique using normalization and
simultaneous diagonalization of two sample covariance matrices is proposed to separate the
object from the background. The transformation technique for the separation of local data
structure through maximizing the ratio of sample variances between two classes was
identified as a promising one for a preprocessing of multi-variate signal processing
algorithms using neighborhood operators including morphological filtering. To relate the
separation quality of the proposed technique to a morphological measure. average height
was defined by using morphological pattern spectrum. A practical implementation of the
transformation technique was tested experimentally and the theoretical results were
confirmed.
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A o 37} ojatel Hw Jehlx) 4A He A&
B 3 gt} 93714 $2l+ structuring element?)
a7y Aol ulel dAFE A7) o4 HidxolE
FAEEE 23] olF A Eol2 Eel=v A
off dfste] FEsluat gl oluf 2L FolT Fof
7] AA9) structuring element®] =71& A* e}
3 EARCE 1348 ¥d R.G. B AR Z5d o
ato] chAtE Al TR A* (2 AT)7F el (2 A4*)
B} Acks A& 4 4 ook wbde] 1358 B
NAD-CVM wi#e] /hde g2 e &% vie} 2ol
R wA FEAE (NAD-CVM-Dl diaiss A* 7}
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A*eo 2w £ oA A8 AR (NAD-CVM-2)el
el A7) A B mdE g £ o 9ot
24 A dA Fx AJE] dste] A2 strue-
turing element (=S,)& *FH2-3} opening& 3}
W opening® fitting A&l o3l S¥ch =L

Addulo) sl 7] (amplitude) W3ts w5 AAE

3 3] Wake] WYy} S,Ent £ S BEs
ng2 9je A3 Aztel o] mlFodde AR AME
A8 AAH 2 YA EAe] MF HEE v2FHc)h ©
g s ARAE dside uide sige] 4
"l oy o] A Asfeld HEo] o e ¥
MN¢) structuring elementEe] A FHafizelo] F

2 Awlslzw gleh, mepd ol F sHef struce
turing elementell Diajxwt HaEels) 2EE 4
Abeld Heg ofr]a At structuring element
£ Addate @zl AeAg AxAd 5 ok

2. deh %A Guel A A2 AT 4Y
Ayl 9oz AR Ueh dEe 16

R-Component

a3 4 ¥ R.G.B dlelelel] gt p(A)/M(S) o
A9 =
(F& A 28 dFEHEdgo) H43 A
ol $-Z A 12 wh7 el 243
A7)

Fig. 4. Plots of p{&)/M(S,) vs. A for the original
R.G.Bdata.

BR

o] AL sty Qe ¥ EAwHos Huid
(131 & #e} 2R 2ol sle] 53] Roich:
(1) ~3elz2 o] (spike knot)E EFsh= 54

% (Wood 1)
(2) HA A= (blue stain)& EF3h= FA#
- Woed

Wood 24 EAjgte] 70 H3o Hg-2 WA
A ul weke) gk 2 FFo] A dEe| sitst
£ §¥oloh a¥elAd xal A JRAz} AY
8] &gh aHe|E BYEE MR, texture I
A geong gdolE Jatdz] rHoeze HE
o] A9 Brl5¥ AR dEAl Aol o 44
Eol sl o8] kA R 1S vEgeEH 2
A3t 37ke] AT 7HEol] ehgslche Ag Beolv
sty dAS Aject o) AR A5 Yot FF
2 RGB HIAZ Foix el it disle
NAD-CVM. NAD-CRM % K-L #H#-& 3ty
Zrol ohsle] sk oz HE daEES

48 Ao o)A A YdE §etor vl

P RN

NAD-CVM-1

J% 5. NAD-CVM ##hel] 2|3t HFAHell gt
p(A)/M(Sy) df Ae} 2=
(335 A 23S dE Gl 483 4
Fola & Al 7S WG A4t
A7)

Fig. 5. Plots of p(A)/M(S)) vs. for the com-
ponents transformed by NAD-CVM
method.
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o2 g} ol A¥E 4 RGBAYE R 23
ol Al HaME FY=t A FEF A

o]x] odAke] AIE A GGl FAREo] BEFF 1
gla mgededel Abdle wWol JAHUETE F2
g 7hal dwelEeR Rl o] A6l AHg-
A F¥dasy oA PE dxelEL open-
closing22 H&3} (rolling ball ¢x2lE")3 4
Aol wisted 2 od Ak o S AR Uwry
structuring element® erosion¥t g4tel g el
A AZ)2 Aolsts by el EoRA o] &x
25 el Hrhe od7l4 shAl @R gt s
s = e gueEe] $9 7 WIS di3ly
Aes5lg7] dFelrt =g NAD-CVM % NAD-
CRM #H#Hg 9sted A% $38% dgEA, U322
& WPz AAsl FU Aol sl A o

(a)

(b)

18 6. WA (a)adela §olE e &
AR (DAY 22L& 2= S

Fig. 6. Original images: (a)wood with a spi-
ke knot. (b)wood with blue stain.

AR FT e A 4E A 98 e AY
o] gl EAjmo e FH3l BEA 28 &
ste] tAFE Aol ‘best’ o1 M HelE Tl
1478 Wood 1, 2382 Wood 201 o3t o2
712) Aol T AP A o)A 4 BAE
o} 2t age4] (a)= R.G.B FoA 718 $& 2
#e ne FE A i Ay Aol (b)s}
(c)= 7kt NAD-CVM % NAD-CRMsl| 2]3led
g odard FoA] HAEA ) bestdl G3Hel o
3 A3 Aols, (A& K-L #@3d 43 FolA
A WH T2 ke Qo] Y Ay Aol
o (e)e o] Atel diFt AY Aelr}.
22764 1l AAY Wood 19 Hlde 2 4
Ro)] UEUz orlgles AxE ATty et o
JEalodde] Abd BE HI wFdG oA A
A Sl 24 %ol B2 2-T7(b)e} (C)ellA
we) ule} o] NAD-CVM3# NAD-CRM ## 7]
wo| o} wE wrl 3 ARE HAFT S
& o 4 g}, Wood 18 7% NAD-CVM#
NAD-CRM2 A9 v|&3 23E vdFa sled
olAe oAk Aol AHEAS} iRk Hd )
Elel o]k Apde] Algde EA5=s NAD-CRM
Wglo] H# wele] 23 AWAE FHAF)Y] AF
S AR At oy AHHE IFHA)
B 9gw #A8ld NAD-CVMH vl 288
5937 dFelck, E1S Wood 13 Wood 29 W%
wWgl We] 2 NAD-CVM ¥ NAD-CRM Z7Z}el] of
stod Ljehdl Zlolcl. Wood 12 4% Al wls#
g Wel2 vedFy goke Ale] ol dFd
= W3t v)ulel 23 Ao FAEE SEA

>

x 1. NAD-CVM % NAD-CRM #i# #e]
Table 1. Transformation Vector of NAD-
CVM and NAD-CRM.

Yood 2
[0.029 -0.155 0.088)"
{0.125 -0.183 0.050]"

Wood 1
NAD-CVM | [0.045 -0.066 0.021]"
NAD-CRM | [0.040 -0.058 0.018]"

178e AN A5 xihslw gle Wood 1o o
gt AQd 288(b)elld 2l AAFH NAD-CVM
Wk o]4% AT MAFGE AR WAE
Aol YA d2g e o 2ok 9383 AAE
B33 glrh. 1389 (a), (), (d). (e)elld ®al 7
%% NAD-CRM< %3t} o gt Wit 2
T AEE T ARE dFz] g, o] A
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AdE A} Ao FF Heir} vl e s
£ NAD-CRMe] #Ah|e] Fojt ohje} s =
Blol o3t AE¥ e ST A 82 S @

o] NAD-CVME 93 welol St Algee ¥
Ash abvle] Foistolnt 2Hgsisdt ElelH ¥
£ ks el Mg olge 43 o ug e

SRR N I "
AT 7
-‘{ [ i
1‘ ) 34
(a) (b) (a) (b)

(e) (d)

(e)

38 7. Wood 18] 7 =E AEd dig A3
(a)blue-A4% (b)NAD-CVM .
(e)NAD-CRM. (d)K-L. (e)1Ho]E

Fig. 7. Results of processing Wood 1 for the
components: (a)blue, (h)NAD-
CVM. (¢)NAD-CRM, (d)K-L.
(e)graytone.

(e)

a7 8. Wood 29 7+ AE AR izt Ax):
(a)red-A4¥. (L)NAD-CVM, (¢)NAD-
CRM, (DK-L. (e)z#o]&

Fig. 8. Results of processing Wood 2 for
the components: (a)red. (b)NAD-
CVM., (¢c)NAD-CRM. (d)K-L,
(e)graytone.
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