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State of the art in color image
processing and analysis
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based on high level concepts
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|. Human perceptlon of color 1mages (2)

« [ihe human:color visionisystem:

Primary light Humaneye . [~

source
E(4)
Reflected Ilght

L(A)= E(/l)-P(ﬂ) l

Object’s reflectance
O EE e e




Cone Sensitivities

= rods only active below O. 01 cd/m>
« Photopic vision

= color vision

= cones only active above 10 cd/m? 40 450 500 550 600 6%
Mesopic vision => rods and cones active Heeensh am
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Luminance;
Opponent

chrominance
channels

- low frequency active channels (M-channels): perception of motio

=> The simultaneous results of the 3 channels, achromatic & chromatic,
- filtered by specific spatial and temporal contrast sensitivity
functions (CSFs); achromatic CSF > chromatic CSF

- combined further in the vision proces
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for object recognition:
Shape, color & texture
____

" Interpretation stage:
Extract high-level data

for object recognition:

Semantic information

chere’s a bag of
fresh lemons in

the lower middle
part of the image
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. Methods: use low level features & add hlgh level 1nterpretat10n to assist

diagnostic

[I1. Machine vision applications:

J Robot vision; industrial inspection => Image analysis & interpretation

i

methods =similar;tomedical IMaging ..
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. Note: One can obtain a compact color space from a mathematlcally complete color
space through color space quantization (e.g.: vector quantization)
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pace (the pr space) satisfies completeness =>

need to define other spaces for color represe
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= rotations and scalings of the
CbCr XYZ, Ohta [,LI; )

0.299  0.587 0. 0299  0.587
~1-0.147 -0.289 .
615 —0.515

0.299 0.587 0.114 049 031 02
0.5 -0.4187 -0.0813|. =|0.177 0.812 0.011].
-0.1687 —0.3313 0.5 0 0.01 0.99

1/3 1/3 1/3
Tthabs) | 172 o0 —1/2]
“1/4 1/2 -1/4
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3. Colo SPACES; propertles metrlcs (4)

. Conve\‘]:*rtmn COIWW%MW%%%%&?Z)
‘*"‘*ENOn linear transforms to obtain color spaces => needed to match the
perceptual color attributes by their coordinates (CIE L*a*b*, CIE L*u*v*,
HSV HLS HSI, Munsell. [ e iBzc 2[(R-G)+(R-B)]

= . with 8=cos™{—=
360-6 #B>G

= llﬁf(—)—lﬁ
6} §=1- iRT[nmlcR G.B)]

o X ¥ "4
= hm{f(k—h) '_f{'i*;]] I:E[R+G+B] s,

= 200l Y\_ ;2 RG sector (0=1<120)  GB sector (120=H<240)  BR sector (240=H<360)
= 20|+ )—rf(5) e o o
o, B=I(1-8) R=1I(1-5] G=1I(1-35)

ScosH ] 5 cos(H -120) } S cos(H —240)
. R=I1+—2587 | G-Jll+——— | o2l T
f{} { =, x > 0.008856 * I[chs{ﬁl}—b’}: I[ cos(60—(H —120)) " cos(60— (5 —240))

7.787x+ 3 otherwise, Tt G=1-(R+B) B=1-(R+G) R=1-(G+B)

[ua G)' +(R—B)(G— Bﬁ]

——

—
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if r
if v
if g
if g
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vV —u

max(r.7,b) and g = min(r, b, g}
max(r,g,b) and g # min(r, b, g)
max(r,g.b) and b = min{r, b, g)

= max(r,g.b) and b # min{r. b, g)

if b = max(r, g, 3_1-:} and r = min(r, b, g)

otherwise

« = Gh — round{6h),

we = (1 — [5 * o)) kW,

gt ol

L
i

v —min(r, b, g)

wp = (1 —s)*w,
wy = (1 — (s=* {1 B f.'t}” Vv

1l or o=

v = 4 or o =

=

i

propertles metrlcs( )
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=> Euclidian metric —

ased spaces => metrics should take into
t 1s angular! (i.e. see hue! — an angle)

‘distance for linear spaces:
city-block; g=2 — Euclidian):
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3. @olor SPACES, propertles metrics (9)

LAl By = Bh) < 180% CICY # 0
BAbad 30 ph — hh| > 180°; (B 4 hy) < 360°; C1Ch # 0
Rathg 230\ jn = | > 180°; (I 4 Bh) = 360°; C1Ch # 0
(W, + 1) ClCL=0

1 —0.17cos(h — 30°) 4+ 0.24 cos(2h/)

+0.32 cos(3h' 4+ 6°) — 0.20 cos(4h' — 63

_;_‘ o 2
30exp{ l%l }

C”?

" 4257
0.015(L" — 50)*
V20 + (L' — 50)?

1+ 0.045C"

2

1+

1+ 0.015C"T
—sin(2A0) R

(AL’)2+(AGf)2+(AH’)2+R (AO’)(AH’
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Color finlacje procassiie) & aigralyis

1(2)

age

Magenta

of the color

-
. . Green

veral versions; all based on LBG original algorithm
ivation: reduce (usuallé??
: How? Cluster similar colors together (color points = vectors

e “vector quantization” = VQ); determine the cluster centers;

each image color with the closest cluster center

B=0 for all pixels
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and go to step 2. Otherwise => convergence reached => final
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« W -any window around the current pixel (X,y); e.g. W
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O Ihe diagonal o
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O Any column of M = an existing color , but not necessarily really the median!
o =>Virtually one can select as filter’s output any combination of RGB values
=> how do we know which one is optimal?
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smallest to largest v
(2) Ordering COIOI’S with same V: sort based on S: from largest to smallest S
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