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Bildverarbeitung und Mustererkennung
Image Processing and Pattern Recognition

1. Basics
- Continuous vs. Discrete Images
- Histograms & Transformations
2. Image Pre-Processing
- Linear Filtering
- Non-Linear Filtering
- Edge Detection
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(@ What you should know by now...

A Image formation

A Histogram creation and equalization
A Point-wise processing of images

A Image pyramids

A Local filtering, Gaussian smoothing
A Edge detection

A If not: have a look at the CV1 slides again...
http://www.icg.tugraz.at/courses/cgcv
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Continuous World, Discrete Images

Image Formation

projection
through lens

Image ‘of object

From Richard Alan Peters Il, 2007
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Continuous World, Discrete Images

Image Formation
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array. i

digital camera

From Richard Alan Peters Il, 2007
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Continuous World, Discrete Images

Image Formation
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sensors register I
average color.

sampled image

From Richard Alan Peters Il, 2007
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Continuous World, Discrete Images
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real image sampled guantized sampled &
quantized

a grid of squares,
each of which
contains a single
color

each square is
called a pixel (for
picture element)

intensity

From Richard Alan Peters Il, 2007
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Sampling

Continuous - discrete representation:
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Interpolation

Discrete - continuous representation:.

. Thomas Pock & Andreas Wendel Image Processing and Pattern Recognition, WS2011/2012

10



7 TU
G Grazm

Interpolation

Discrete - continuous representation:.
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Nearest Neighbor Interpolation

e

05 0 o5 %

A Assigns the brightness of the nearest point on the grid

f(z,y) = f2(round(x), round(y))
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A Takes into account the brightness values of the 4
neighboring points

~

fay) = (Q—a)Q-bf>0k+ 1 = floor(z)

a(l1 —=b)f2(1+1,k) + a = x—I
b(1—a)f2(Lk+1)+ k= [floor(y)
abfo(14+ 1,k +1) b = y—k
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) Bicubic Interpolation

E,
1 —2|z|* + |z|? if 0<|x|<1
hs =< 4—8|z|+5z]* — |z]> if 1< |z]<2
0 otherwise

A Approximation of the image data using a bicubic
polynomial

A Uses 16 neighboring points on the grid
A Keeps fine details in the image
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) Error Measures

MSE (mean squared error):

PSNR (peak-signal-to-noise ratio):
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- Histograms & Transformations

. Thomas Pock & Andreas Wendel Image Processing and Pattern Recognition, WS2011/2012

16



7 TU
G ] Grazm
Histogram

A Discrete probability density function of gray values in
the image

=
=1 =
=] =
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Point-wise Operations

q| q q
/

Inverted image "Contrast enhancement Blnary threshold
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Geometric Transformations

A Geometric transformations are important for many
applications
I Lense distortion
I Image stitching
I Image registration (warping)

A A geometric transformation is a vector function
T = (T,,T,)"

that maps a pixel position (z, y) to a new position
(2", y") = (Tu(x), Ty(y))

. Thomas Pock & Andreas Wendel Image Processing and Pattern Recognition, WS2011/2012
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Geometric Transformations

A Geometric transformation can be available in
I Parametric form, e.g. affine transformation
I Non-parametric form, e.g. displacement field

A Geometric transformation consists of two steps
I Coordinate Transformation
I Image Interpolation

Y y’

X x,
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2. Image Pre-Processing
- Linear Filtering
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Image Pre-Processing

A Image pre-processing is comparable to low-level
vision of the human visual system

A Does not increase the information content of images
A Typically, the information is reduced (filtered)

A Major aims:
I Improvement of the image data
I Suppress irrelevant information
I Enhance important features

A Often depends on the task we need to solve

. Thomas Pock & Andreas Wendel Image Processing and Pattern Recognition, WS2011/2012
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) Linear Filtering

g [m,n] f [m,n]

! >

A For a linear system, each output is a linear
combination of all input values:

fIm.nl =D hlm,n,k,11g[k,1]
k.l

|

From A. Torralba and W. Freeman, Lecture Notes, 2011

A In matrix formulation:

. Thomas Pock & Andreas Wendel Image Processing and Pattern Recognition, WS2011/2012
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) Linear Filtering

g [m.n] f[m.n]

> >

A In vision, we are often interested in operations that
are spatially invariant:

flmn]|=1Q g= Zk[m —k,n—1gl k1]

k.l

From A. Torralba and W. Freeman, Lecture Notes, 2011
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Linear Filtering
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) Linear Filtering

flm.n]=h ®g:Zh[m— kon—Iglk.1]

Linearsyste:‘n:[ ] [ Input: g [m] [ F IZ ’z
m 0 1
o—o— i r | r [:4}9—

o=t " - , 0 1 2 3
Output? i |
f[w=0]=§fa[—ﬂg{ﬂ h [k] I [1 p—p—o—o—  f[m=0]=-2
2
f[i'h":l]:Zk:f?[l—,{']g{,{-] hﬂ_k]—c e —
I
f[m=2]=§h[2—,{r]g{,{r] =210

From A. Torralba and W. Freeman, Lecture Notes, 2011
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) Linear Filtering

A For a linear, spatially invariant system:

m=0 1 2 ...

? 7 7 7 ? 7 7 7
163|168 ( 188|196 206|202 | 206| 207 -1 2 -1 ?
180|184 ( 206|215 202|200 |195| 193 . 7 7

X | al2|1]| =
189|193 214 | 216
191|201 217|220 1 2 1 ?
195|205 216 | 222 . ? ?
199 | 203| 223|228
g[m,n] h[m,n] fm,n]

AAConvolution of g with filt
A Matlab: f = imfilter(g,h)

From A. Torralba and W. Freeman, Lecture Notes, 2011
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Border Handling

ZEero wrap clamp mirror

blurred: zero normalized zero clamp mirror

From A. Torralba and W. Freeman, Lecture Notes, 2011
. Thomas Pock & Andreas Wendel Image Processing and Pattern Recognition, WS2011/2012
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Impulse Filter

flmn]|=1® g= Zh[m —kn—{gk,l]
kl

o|lojo|ofo
olofjo|ofo
X |o|lo|1]|0]|0| =
olojo|ofo
olofjo|ofo
R
h[m,n] flm,n]

From A. Torralba and W. Freeman, Lecture Notes, 2011
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& Shift Filter

flmn]|=1® g= Zh[m k,n—1glk,l]

2pixels
—
- ojlo|lo|loOo]|oO -3
olo|lo|o|o0O
X |o|lojojo|1| =
olo|lo|o|oO
olo|lo|o|oO
g[m.n] h[m,n] flm,n]

From A. Torralba and W. Freeman, Lecture Notes, 2011
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Image Rotation?

A Linear, but not a spatially invariant operation
A Not possible using convolution

' ® | |

g[m,n] h[m,n] flm,n]

From A. Torralba and W. Freeman, Lecture Notes, 2011

. Thomas Pock & Andreas Wendel Image Processing and Pattern Recognition, WS2011/2012
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i Averaging Filter

A Elements of h[m,n] sum up to 17 smoothing!

g[m,n] h[m,n] flm,n]

A Matlab:f speci al (6averaged, [ M

From A. Torralba and W. Freeman, Lecture Notes, 2011
. Thomas Pock & Andreas Wendel Image Processing and Pattern Recognition, WS2011/2012 ‘
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i Averaging Filter

A Can also be directed

h[m,n] flm,n]

From A. Torralba and W. Freeman, Lecture Notes, 2011
. Thomas Pock & Andreas Wendel Image Processing and Pattern Recognition, WS2011/2012
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i Averaging Filter

A Can also be directed

h[m,n] flm,n]

From A. Torralba and W. Freeman, Lecture Notes, 2011
. Thomas Pock & Andreas Wendel Image Processing and Pattern Recognition, WS2011/2012
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Filter size matters...

Noisy image 3x3 filter X7 filter

. Thomas Pock & Andreas Wendel Image Processing and Pattern Recognition, WS2011/2012
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A Average filter gives the same weight to all pixels
under the filter mask

A Gaussian filter gives a higher weight to pixels being
closer to the center i better results

A Filter coefficients are computed using the Gaussian
formula

A Parameter 0 controlls the amount of smoothing

]_ T4y
e 202

G(x,y;0) =

2o

. Thomas Pock & Andreas Wendel Image Processing and Pattern Recognition, WS2011/2012
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Gaussian Filter

A Discrete approximation:
I Kernels size always odd

n = 2round(2...30) + 1

I Sum of coefficients is always equal to one

I Matlab:f speci al (6gO0Oussianéd, [n

A Example:

.0030
.08133
.0219
.B8133
.0030

<= I 0 I - I - R o

o

0 I 0 I 4 B R o

.B8133
.0596
.0983
.B0596
.0133

1

)

@D D@D @

.0219
.0983
.1621
.0983
.0219

n=2>y

.08133
.0596
.0983
L0596
.0133

oD DD @D

0 B 0 I T B o R o

.0030
L0133
.0219
L8133
.0030

TU
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nj,

. Thomas Pock & Andreas Wendel
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Example

=1 sigma =2 sigma =3

A
i
i
I
i

it
i

oo

. Thomas Pock & Andreas Wendel Image Processing and Pattern Recognition, WS2011/2012
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) Separable Filters

A Isotropic filters (Average, Gaussian) can be easily
separated

A Two-fold convolution in x- and y- direction with 1D filters

A Comparison:
i Original: n? multiplications und n2-1 additions
I Separable: 2n multiplications, 2n-2 additions

A How can we determine separability?

. Thomas Pock & Andreas Wendel Image Processing and Pattern Recognition, WS2011/2012
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Convolution vs. Correlation

A Matlab: imfilter, OpenCV: filter2d ... Correlation!

X kernel (£tigped) X kernel
iy L _ \\E\Q/\? /’/ el I/ N/\?“k/ "
-/“"/'/&’ o 99 P /»gf} @/dﬁ% ;
- 0 ; [ t A\
/(Al/"\ l/ . } /q @@/ A <,/ e } ﬁ (A =
//I(/ ﬁ\“) (1‘1\/ ] A/V\ v | A (7,\1)/
LT 2| 1 3 @il
>< C (29 = >< (29—
L /,/ L P v Py L Pt
/
T T
Convolution Correlation

. Thomas Pock & Andreas Wendel Image Processing and Pattern Recognition, WS2011/2012
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2. Image Pre-Processing

- Non-Linear Filtering
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A In probability theory (robust statistics), the median
divides a probability distribution into the higher half and
the lower half.

A In a discrete setting, the median is found by sorting the
samples and selecting one

A Example:
I Samples: 3,5,2,3,99,7,9,6,5,4,3,2,8
I Sorted: 2,2,3,3,3, ,6,7,8,9, 99

Median

. Thomas Pock & Andreas Wendel Image Processing and Pattern Recognition, WS2011/2012
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(s Median Filter

A Properties
I does not blur across edges
I robust to large outliers
i does not Ainventid new gray valu
I relatively fast to compute: O(1) implementations exist

A Median is the L1-minimizer

. Thomas Pock & Andreas Wendel Image Processing and Pattern Recognition, WS2011/2012
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(= Median Filter

A Median filter is a special case of more general rank
order filters
I Minimum filter: take maximum under mask
I Maximum filter: take minimum under mask

I Alpha-trimmed filter
A Samples: 3,5,2,3,99,7,9,6,5,4,3,2,8

A Sorted: =2=2=3-3 3 4,5, 5, 6, 7, 8=0=0%
L J
Y

compute mean

. Thomas Pock & Andreas Wendel Image Processing and Pattern Recognition, WS2011/2012
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Original

25 % salt & pepper

5x5 Median

. Thomas Pock & Andreas Wendel Image Processing and Pattern Recognition, WS2011/2012
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€ lterative Median Filter

A Median Filter can also be applied iteratively

50 % salt & pepper noise 7x7 median filter

6 iterations of a 3x3 median filter
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