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Colour Image Processing




Introduction

TUNZITeUToq
— Colour fundamentals
— Colour models



Colour Fundamentals
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CIE Chromacity Diagram

Chromaticity diagram cldmidnduatinuunu
X (red) uaz y (green) uasd1nsu X waz y 1ae A
11 z (blue) lemadun1sz=1—- (X +Y)
‘nvignAinua i ludidanluglacdl g 62% was
r 25% <g9zdl b 13% NNauN1S

*USLIUVALUDINTNUFAIAINLIIATUAIUG
violet 1 380 nm 1udaudy 780 nm

-fqm‘ﬁ' X, Y, Z Winnunua@Aadu1d (white light)



CIE Chromacity Diagram (cont...)

(C.I.E. CHROMATICITY DIAGRAM)
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5 Color Monitors
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Colour Models

Model d#inas$
— RGB (Red Green Blue)
— HIS (Hue Saturation Intensity)



RGB (cont...)
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RGB

“lunsiardaciidiuwas primary spectral wav
red, green, blue 9iuatnuszuy Cartesian
coordinate Fyudaavluanraiesdanundn

AynauNNILd cyan, magenta, uas yellow
-Black a¢j#i origin

White agj7iyunsedinu origin
-mmmauvﬁaumaﬁvmw black nu white @A
gray level maammauuavum R, G, B vinAu

ANFAU 9 nalugnuidfiul@ain vector 370
origin



RGB (cont..

FUUATWHNS normalized Az L‘]Juaﬂ]J’]Fiﬂ‘l/Tu\‘l
w78l (unit cube) F9A1 R, G, B aa‘luﬁmo [0, 1]

Fruruiiniilfugnausias pixel 1u RGB space
1580731 “pixel depth” 1wy a1s1uanin’lu RGB
image =il red, green, uaz blue atinvar 8 bits
1580714 depth 24 bits (3*8)

811191 24-bits RGB image az13an731 “full
color” gyazdldIurudmiviua (28)3 = 16,777,216
A
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Psudocolor Image Processing

e lurany q szuua1L’FuA 256 ¥ 919¢
wuatu
— 40 & vin 256 7 191 operating system s operating

system a1 q nuezlingzuaums ldanenu

— 216 Fimde wgnldluszuulnd Fentufuinasgudmsy “safe
color” (subset of color)



Safe Color

+ 11310 RGB 3 Ardvusazariiiulillédda o,
51, 102, 153, 204, 255 svuu Adiiiulyle
MInNaFa 63 = 216 A1

Number System Color Equivalents ,{ABI'E “ o
alid values o
Hex 00 33 66 99 CC FF cach RGB
Decimal () Al 102 153 204 255 component in
safe color.
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FIGURE 6.10

(a) The 216 safe
RGB colors.
(b) All the grays
in the 236-color
RGE system
(grays that are
part of the safe
color group are
shown
underlined).



FIGURE 6.11 The RGB safe-color cube,



The CMY and CMYK Color Models

- ainsniunvaciny LU color printer, copiers
TFEATuLLL CMY (cyan, magenta,
yellow)

« lun1suday RGB tiu CMY ‘lddunns
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» 31NdNN15 RGB 9n normalized ‘lviaiTug4
[0, 1]

« d115un13 print F61 A11GY CMY WaNAUA
2197 L dmAluAaeaNyvinls FVUIFA1FY 9
11 5ufuniunuas CMYK Tag K unuden
UULDY



The HSI Colour Model

UUBETILAAIMNNNILVNT fNgUuuyuay HSI

‘H : Hue AaAduagns (pure color) Lk 111RaY
Jal WA

S : Saturation AaAuUFENIUaIFITaNENND
LENED

| : Intensity = gray level



Green Yellow

Cyan "lr‘lr’hite”m: Red
Blue Magenta
Green Yellow Green Yellow
3 : Green
A
H

Cvan ’ Red Cvang Red Yellow

Blue Magenta B]ue M:Lgenta Blue Magenta Red

|

bcd

FIGURE 6.13 Hue and saturation in the HSI color model. The dot is an arbitrary color
point. The angle from the red axis gives the hue, and the length of the vector is the sat-
uration. The itensity of all colors in any of these planes i1s given by the position of the
plane on the vertical intensity axis.



HSI Model Examples
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Images taken from Gonzalez & Woods, Digital Image Processing (2002)
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Converting From RGB To HSI

1. dessNormalizing s1d@ RGB nsunngas

R G B B

P o 2 B - 5 i) - -
R+&F<8 R+G=F R+G+ 8




Converting From RGB To HSI

2. ma N, S, smnaums

P— . U.E-L.:;F—g:l'l'l:?'—b:l] . he[0,x] for b< g
-[lj:r—g:lz+I:r—b:ll:_g—ﬁ-:l:| )

h=2r—coz™

CI.S.[{:F—§:|+[:r—5']:|?]. helr. 2ol forb>g

[-::r —_g:|: —-::r —-i';l:-[:g —b| J

s=1-3.mmir g b): s=[01]

i=(R+G+B)/3.2533); ie[0]1].



Converting From RGB To HSI

3. v H,S, | anaums

H=hx1B0/x; S=sx100and T=ix23]3.



Example Converting From RGB To HSI

(100,100, 10807 (150,0,0 (0,150,0)

(255,255,255) (9,0,0)

(100,150,200)

With RGB values as:
(100,100,100) (150.0,0) (0,150,0)
(255.0,0) (255,255,255) (0,0,0)
(100,150,200) (0,0,255) (100,200,150)



Example Converting From RGB To HIS

«  NAABIATUINYA (100,150,200)

1.  Normalizing

(cont..)

;= K =0222.g= G =0.333: b= B =0.444
R+G+ B R+G+E R+G+E
2. 9190 1 b>g 1¥aums
[ |
05-{(r—g)+lr=5)
h=2r—cos™ | (r=g)+(r-2)] .=1.1671

[(r=g) +(r-8)(g-?)

7
I



22 Example Converting From RGB To HIS

of

65 (cont..)

°* 1S

s=1-3-min(r.g.b)=0.333

3. wasua 110 RGB ilu HIS
H=hx180/7=210
S =s5x100=333

I=(R+G+B)/3=150



Converting From RGB To HSI

1. Normalizing h,s,I vinaums

h=H -7 /180 s =5/100 : i=1/255

2. U X, Y, Z nnaums

x=1-(1-15)

— s -cos(h)
Y [IJF cas(:rf3—h)}

z=3i—(x+ v)




Converting From RGB To HIS(cont..)

A A v 2
4. Nrsuamueu luadil

when h<27/3.b=x.r=yvand g =z
when 27/3<h<4x/3. h=h-2r/3.and r=x; g=vand b=z

when 47/3<h<2x.h=h—4x/3.and g=x:b=vand r ==.

5. wagninldezedlurae [0,1] 1¥qadie 255 1dd R,G,B



Example Converting From HSI To RGB

wlasua HIS §lu RGB iijle H=210,5=33.3,1=150
1. Normalize

h=H 7/180=77x/6:5=5/100=0.333:i=1/255=0.588

2.0 27/3<h<41/3ums
ff h 2:?1'/’1 T/ 2

r=x=i-(1-5)=0.392

{ Scos(h) } 0,588

ccrs a/3=h

b=z=3i—(x+v)



2 Example Converting From HSI To RGB

of

65 (cont..)
3. puaae 255

R=255-r=100
G=255-g=150
B=255-6=200



HSI & RGB

RGB Colour Cube

H, S, and | Components of RGB Colour Cube



o Manipulating Images In The HSI Model
65

In order to manipulate an image under the HIS
model we:

— First convert it from RGB to HIS

— Perform our manipulations under HSI

— Finally convert the image back from HSI to RGB

RGB RGB

) | Hsi image |
Image Image

Manipulations




RGB -> HSI| -> RGB

RGB
Image

Saturation Intensity




of RGB -> HSI -> RGB (cont...)

. E o

Intensity RGB
Image



Pseudocolour Image Processing

o 1 A ] 1 Iy, 2 1 v I
. ﬁaﬂizmumiﬂmu@ﬂmiﬁ’ﬂumizﬂumﬂﬂﬂﬁu@qﬂmﬂmmcn
MY UA

Y Jd .
* Jagiszasnvesmsly pseudocolor image
2 0 = < 2
processing o lduysdnmsueuriunwlaavuuas
' v Y
ANNHNIBUDININAADINTIZTD |AAUL



Pseudo Colour Image Processing —

Intensity Slicing

* uos IMmage [duuuy 3D function (intensity nu
spatial coordinates)

 thszuuamawnuny 3D function udaemvuamaiog
Tursszmnuasnuliuanaienu



Pseudocolour Image Processing —

Intensity Slicing (cont...)

flx.y)

Gray-level axis

(White) L — 1
S]jcmg plane
[,

oW

1.'

(Black) O




Pseudocolour Image Processing —

Intensity Slicing (cont...)

* ligray level ogluse [O,L-1]

o Iy unuad (f(X,y) = 0) waz | -1 unudan (f(X,y)
=L-1)

o Wz P dmnduunu intensity 4 level 1, s,

olp Tas O < P < L-1 szuu P azmis gray level
flu P+1 909 dwmuadlu Vy, Vo, ..., Vpyq awdian

o fmuamalinu gray level aldnnudunus

f(x,y) =c, If f(X,y) € v,

Iag C,, Aoandunusoudiunue K lugas V.



4l Intensity Slicing or Density Slicing

f
25 Formula: _
a(x.y) - C, If f(x,y)<T C, =Color No. 1
f(x. )
Grray-level axis 4
(White) L — 1 IS
, Shcmg plane 8
{I ’/
/' /‘\ / §
Cy
(Black) 0 =y :
0 T L-1

A gray scale image viewed as a 3D surface.

Intensity



Intensity Slicing Example

(Images from Rafael C. Gonzalez and Richard E.
Wood, Digital Image Processing, 2" Edition.




el Multi Level Intensity Slicing Example

of
C, = Color No. k
Sl 9(Xx,y)=C, forl,, <T(xy)<l Ikk: Threshold level k

An X-ray image of the Picker After density slicing into 8 colors
Thyroid Phantom.

(Images from Rafael C. Gonzalez and Richard E.
Wood, Digital Image Processing, 2" Edition.
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