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Basics of Full-Color Image Processing

@ Per-component-image processing
@ Vector-based processing

ab

FIGURE 7.27
Spatial
neighborhoods

cr(x,y) R(x,y)
c(x,y) = |cc(x,y)| = |G(x,y)
cp(x,y) B(x,y)
IJ
Pixel Voxel
(x'y)

for grayscale

and RGB color
images. Observe
in (b) that a simgfe
pair of spatial
coordinates, (x, ¥),
addresses the
same spatial
location in all
three images.
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Color Transformations

S;i = T,'(l’i) i= 1,2,...,11

@ n — number of
component images

@ T; — set of
transformation or color
mapping functions

Magenta

@ Performed in any color
model

@ Some are better suited
to specific models




Color Transformations

Full color image
. WM.

Magenta

=
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Modifying the intensity of a full-color image

S; = T,-(ri) i= 1,2,...,11

@ HSI color space

S1 = nNn
S = n
s3 = kr3

@ RGB color space

S,':kri = 1,2,3



Modifying the intensity of a full-color image

N T,'(I’,') i= 1,2,...,11

@ CMY color space

si=kri+(1—k) i=1,2,3

@ CMYK color space

. | — 1 2 3 S -
rl l bl FIGURE 7.29 Adjusting the intensity of an image using color transformations. (a) Original image. (b) Result of decreas
sl = ingits intensity by .‘a'\u. 7). (¢) The required RG! €) The e YK
k . 1 k ;o 4 mapping function eq
I", + - 1= nal image courtes usr\( cdData lntera



Color Slicing

@ Stand out a color of interest from the background.

@ Use the region defined as a mask for further processing, e.g
segmentation.

@ Vector-based processing

s._{ 0.5 if[|lri—aj > %]

any 1<j<n
ri  otherwise

i=1,2,...,n

ab

FIGURE 7.32 Color-slicing transformations that detect (a) reds within an RGB cube of width
W = 02549 centered at (0.6863,0.1608,0.1922), and (b) reds within an RGB sphere of radius
0.1765 cenlered al the same poinl. Pixels outside the cube and sphere were replaced by color
(0.5,0.5,0.5).

o w1 =

it
4
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Tonal Corrections

@ Stand out a color of
interest from the
background.

@ Equally distribution of
the intensities of a color
image is desired.

@ Adjust image’s
brightness and contrast.

@ S-shape curve is used
for boosting contrast.

@ Power-law
transformations.

L]

FIGURE 7.33 Tonal corrections for fat,light (high key).and dark (low key) color images Adjusting the red, green, and
blue compone: s qu'\ll\d\:\n ol always aller the image hues signi 1:c.mlI\



Color Balancing

@ White balance is used to
correct the effect of light.
Wi
§i = —p
1 Wr 1
where W, represents a
destination color and W,
represents a source
color.

@ Skin tones are also used
for color balance.

=



Histogram Processing of Color Images

@ Transformation that
produces an image with
a uniform histogram.

FIGURE 7.35
Histogram

cqualization
ed by

k
se= (L= Y pr(r)

k=0,1,2,...L—1

Hincprm e i HS1 \hlr space. ¢

<
f " et
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@ Would it be wise to
equalize color
components
independently?

@ Alter colors of the image.
@ HSI color space is ideal. =



Color Image Smoothing

@ Per-component-image
processing
@ Vector-based processing

11/30

abc
HGURE 7.38 Image smoothing with a 55 averaging kemnel. (a) Result of processing cach RGB component image.
(b) Result of processing the inlensity component of the HSI image and converting 1o RGB. (¢) Difference between

Spring, 2018

the two resulls.
G. R. Arce



Segmentation

@ Partitioning an image into a collection of regions or objects based on:

o Discontinuities (edge-based).
o Similarity (predefined criteria).

abc
def
FIGURE 10.1
(

b
properties.
=



Segmentation

@ R represent the entire region occupied by the image.
" Ri=R

i=1
R; is a connected set, fori =0,1,2,...,n
RiNR; = foralliandj,i#j
O(R) =TRUE fori=0,1,2,....n
Q(R;UR;) = FALSE for any adjacent region R; and R;

abe

def

FIGURE 10.1

(a) Image of a

constant intensity

region.

(b) ndary

based on intensity
es.

based on region
properties




Segmentation in HSI Color Space

@ Saturation is used as a mask.

@ Intensity is not used for
segmentation of color images.

@ Range of hue values of the
regions of interest is used as
descriptor.

@ The product of the mask with
the hue is determined.

@ The segmented image is
obtained by thresholding this
product.

]
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Segmentation in RGB Color Space

@ Samples of color of '
interest (a).

@ Classify each pixel in the
image (z).
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Segmentation in RGB Space

@ Euclidean distance to measure of similarity
D(z,a) = |lz—a|
D(z,a)=[(z—a)"(z—a)]'
D(z,a)=[(z—a)'C"'(z—a)]'

C is the covariance matrix of the samples.

abe B B B
FIGURE 741 1 t 1

=
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Segmentation in RGB Color Space




Segmentation in Lab Color Space

fabric

@ How many colors can you distinguish from the background?

=]

@<



Segmentation in Lab Color Space

fabric

@ How many colors can you distinguish from the background?

@ Six: red, green, purple, yellow, and magenta .

&
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Segmentation in Lab Color Space - Nearest Neighbor
Classification

@ Uniform changes of components in the Lab color space correspond to
uniform changes in perceived color.

@ Perceived color differences are measured by Euclidean distances.
@ Segmentation can be performed by means of clustering.

There are K clusters with sample mean ay.
Dy(z,a) = ||z—a|| k=1,2,...N

Every pixel is assigned to the class that minimizes the color difference.

e



Segmentation in Lab Color Space

https://www.mathworks.com/help/images/examples/color-based-

segmentation-using-the-l-a-b-color-space.htmi
e



Segmentation in Lab Color Space

Scatterplot of the segmented pixels in ‘a*b* space o Original image in *a*b** space
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Segmentation using k-means clustering

@ Partition of a set O, of observations into a specified number, k, of

clusters.

@ Assign to the cluster with the nearest mean.

@ lterative procedure.

K-means clustering example

., A '
° Ro ° .0
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Segmentation using k-means clustering

@ Let Z be the color pixel dataset of the k
form argmin={ }_ Y ||lz—m;|?
Z:{Zl,Zz,...,ZQ} i=1zeC;
where z € R"
@ We want to classify the data into k K-means clustering example
disjoint sets of the form [oRe 1\ [, ed
A :6 O _G CCQ » ro o ,CLOOO
C={C1,C2,...C¢} o © o oo
| °. °e ‘{
such that the criterion of optimality is DA IRl SN
satisfied o 0° b oo
=



k-means Algorithm

@ Assign samples to clusters whose

@ Initialize the algorithm: mean is the closest.

m,-(l), = 1,2,...,]( z, — C if ”zq_miH2

j=12,..k(i#i); g=1.2,..,0

@ Update the clusters’ means

K-means clustering example

r m; = z i=1,2,...k
.:‘. ‘ .. 1 ’Cz| ZEZCi )&y ’
o /90

b o

where |C;| is the number of samples in

cluster set C;.
"



|
k-means Algorithm

@ Compute residual error, E, as the sum
of the k Euclidean norms of the
differences between the mean vectors
in the current and previous steps. Stop
if E<T, where T is a specified
threshold.

K-means clustering example
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Segmentation using k-means clustering in different Color
Spaces

Figure 5.7 (a) Original color image. Results of segmentation using the k-means
clustering algorithm in three different color spaces: (b) sRGB, (c) HS
(d) L*a"b™. In each case. the image has been segmented into six regions. The

. and

color assigned to each region is the final centroid of the color values in the corre-

sponding region in the original image after application of the k-means algorithm.



Noise in Color Images

abe
FIGURE 7.47 HS1 components of the noisy color image in Fig. 7.46(d). (a) Hue. (b) Saturation. (c) Intensity.
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Noise in Color Images

ab
cd
FIGURE 7.48
(a) RG
with green plane
corrupted by salt-
and-pepper noise,
(b) Hue
component of
HSI image.

(c) Saturation
component.

(d) Intensity
component.
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