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6.6 Smoothing and sharpening (Original images...)
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6.6.1 Colour image smoothing: • Smoothing by neigbourhood averaging

can be performed using RGB colour vectors, c(x, y) = (1/K)
∑

(x,y)∈Sxy

c(x, y)

or can be carried out on a per-colour-plane basis

c(x, y) =






(1/K)
∑

(x,y)∈Sxy

R(x, y)

(1/K)
∑

(x,y)∈Sxy

G(x, y)

(1/K)
∑

(x,y)∈Sxy

B(x, y)






Example 6.12:
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6.6.2 Colour image sharpening

Similar to image smoothing, image sharpening can also be performed on a
per-colour-plane basis (using the Laplacian),

∇2[c(x, y)] =




∇2R(x, y)
∇2G(x, y)
∇2B(x, y)





Example 6.13:
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6.7 Colour segmentation

6.7.1 Segmentation in HSI colour space: Example 6.14
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6.7.2 Segmentation in RGB vector space

Given a set of representative colour points, calculate average colour (a) and
(if necessary) covariance matrix (C)

Let z denote an arbitrary point in RGB space

Three similarity measures:

(1) Euclidean distance

D(z,a) = ||z− a||

= [ (z− a)T (z− a) ]
1
2

= [ (zR − aR)
2 + (zG − aG)

2 + (zB − aB)
2 ]
1
2

D(z, a) < D0 ⇒ points within solid spherical region

(2) “Mahalanobis”-like distance

D(z,a) = [ (z− a)TC−1(z− a) ]
1
2

D(z,a) < D0 ⇒ points within solid ellipsoidal region

(3) Bounding box (computationally less expensive)
Centered at a, dimensions proportional to standard deviations (σR,
σG, σB) along colour axes
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Example 6.15: Colour image segmentation in RGB space
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6.7.3 Colour edge detection

Computing the gradient on individual (R,G,B) images (e.g. Sobel operators)
and then using the results to form a colour image lead to erroneous results!
Example...

Only consider gradient in middle of images. When we calculate gradient
of respective component images and add results to form two RGB gradient
images, the value of RGB gradient (in middle) is the same. This is clearly
not the case here!



Afdeling Toegepaste Wiskunde / Division of Applied Mathematics

Colour image processing (6.6 to 6.9) SLIDE 8/12

Edge detection in vector (e.g. RGB) space

Sobel operators can not be used. Di Zenzo’s method:

u =
∂R

∂x
r +

∂G

∂x
g +

∂B

∂x
b, v =

∂R

∂y
r +

∂G

∂y
g +

∂B

∂y
b

gxx = u · u = u
Tu =

∣∣∣∣
∂R

∂x

∣∣∣∣
2

+

∣∣∣∣
∂G

∂x

∣∣∣∣
2

+

∣∣∣∣
∂B

∂x

∣∣∣∣
2

gyy = v · v = v
Tv =

∣∣∣∣
∂R

∂y

∣∣∣∣
2

+

∣∣∣∣
∂G

∂y

∣∣∣∣
2

+

∣∣∣∣
∂B

∂y

∣∣∣∣
2

gxy = u · v = u
Tv =

∂R

∂x

∂R

∂y
+
∂G

∂x

∂G

∂y
+
∂B

∂x

∂B

∂y

Direction of maximum rate of change of c(x, y): θ = 1
2 tan

−1

{
2 gxy

(gxx − gyy)

}

Value of rate of change at (x, y) in direction of θ:

F (θ) =

{
1

2
[ (gxx + gyy) + (gxx − gyy) cos(2 θ) + 2gxy sin(2 θ) ]

}1
2
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Example 6.16: Edge detection in vector (RGB) space
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6.8 Noise in colour images

The noise content usually has the same characteristics in each colour chan-
nel, but channels can be affected differently when, e.g., the electronics of
a particular channel malfunctions

Example 6.17: Converting noisy RGB images to HSI
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Noise reduction using an averaging filter (linear) gives the same results in
vector space as it does if the component images are processed independently.
This is not the case for other filters, e.g. order statistics filters (vector
ordering is beyond the scope of this course)

6.9 Colour image compression

Example 6.18: JPEG 2000 compression (CR = 230 : 1)


