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Lecture 3: Image Processing

Histogram .

T Fit

Let i, for k=0,1,2,.... L — 1 denote the intensities of
an L-level digital image, f(x,y).

Unnormalized histogram of f:

h(ry) =ng for k=0,1,2,..., L—-1.

Normalized histogram of f: ¥
~ hlre) oy
P8 =N = M

Histogram p{ry)

where . is the number of pixels in f with intensity
k, M and N are the height and width of the image.

Histogram shape is related to image appearance.
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Pixel Operations

9(x) = T(f(x))

T'wo common point operators are multiplication and addition with a constant

9(x) =af(x)+b

a controls contrast (gain) and b controls brightness (bias)

9(x) = a(x) f(x) + blx)

Bias and gain could be spatially varying
Pixel operations perform éntensily transformation of the images
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Quick Recap

« Images are crucial for computer vision and so is to understand
the image formation principle

* Image formation is also influenced by lights, object reflectance,
camera body (lens, aperture, shutter), sensor chip (sensor, gain,
ADC), sampling and quantization

* Any of the image formation step could contribute to noise in
the image

« This noise should be removed before the image could be used,
which brings in Image Processing
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Hlstogram Examples !

JeF

+ Histogram indicates the global overview of pixel
intensities in an image

More bright pixels means a histogram is inclined .
towards right.

But the histogram doesn’t contain
information about the spatial
arrangements of pixels

Two images could have similar
histogram but could be entirely

different
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Controlling Contrast !

Contrast Stretching Gamma Correction

o) = L0 Fonin glx) = [f(x)]"/7

Jinaz = Fmin

Input Image
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Histogram Equalization .

Goal is to create a uniform distribution of intensities

£t
e
s = (L - n;m

where ny and s, is the number of pixels with intensity & in f and § respeetively.

Perform Histogram equalization
of the following image
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Connectivity

4-Adjacency  8-Adjacency D-Adjacency m-Adjacency

q € Ni(p) OR

= g € Np(p) AND Ny(p) NNi(q) =2

Nalp) Na(p) Aplp)
4-Adjacency 8&Adjacency  m-Adjacency

Compute the
shortest path Q Q ; 3 o 3 3[4 S
between P and Q /5 2 2 2
with different 1]2[3 11 1
adjacency P P P B}
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Linear Filtering

* Neighbourhood/ local operator

« Used to filter images: add soft blur, sharpen, accentuate edges, remove
noise

* Linear filtering is weighted combination of pixels in small neighbourhood
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Inpue Liagze hix] ative: fah = hxf
Fixi

2. Distributive: f# (hy +ho) = f#hy+ f#hy

3. Associative: hy = (hy * ha) = (hy o) * by
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Locally Adaptive Histogram Equalization

ol

preaa i‘l»ll!tl
Block Histogram

Adaptive Histogram

Input Image Global Histogram
Equalization Equalization Equalization

Not good for all the Exhibit blocking
regions artifacts

Block Histogram +
smooth interpolation
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Distances !

Euelidean distance, D.(x,X2) = \/(.r)_ —x1)2+ (y2 —y1)?
Cit

Chessboard distance, Dg(x1,x2) = maz(|zs — a1

r-block distance, Dy(x1,%2) = |22 — 1| + |y2 — w1
Y2 — )

s D.=V@ _12+(6_12=5

Dy=M-1l+5-1=T7

:H Dy =maz(4—1|,[5-1]) =4
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Linear Filtering Examples !

Identity Box Gaussian Shifting Vertical Edge  Horizontal Edge
Average
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Filter Combination

13

Summary

i e o

« Histogram gives an overview of the image, which allows us to
perform image enhancements

« For more controlled operations, convolutions could be used

* Depending on the kernel, various filtering could be performed on
an image using convolution

* Non-linear filtering is an alternative when edge features are to
be preserved during image denoising
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Non Linear Filtering

+ Linear filtering often loses the edges

* Median filtering selects the median value from each pixel’s neighborhood

* In Weighted median each pixel is used a number of times depending on its distance from center.

Gaussian Median Weighted Median
Filtering Filtering. Filtering




