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* Image basics
* What is an image — addressing pixels
* Image as a function —image coordinates

* Image interpolation
* Nearest neighbor
* Bilinear
* Bicubic

* Image resizing
* Enlarge
e Shrink
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Today’s Agenda

* Averaging vs Interpolation
e Systems - filters

e Convolution
* Box Filter
* (Gaussian
* Cross correlation vs Convolution

e Examples of filters
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Today’s Agenda

* Averaging vs Interpolation
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Master programmes in Artificial
Intelligence 4 Careers in Europe

s this all there is ??
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Lots of issues
- NN and Bilinear only look at small area
- Lots of artifacting
- Staircase pattern on diagonal lines
- We'll fix this with filters!
Bilinear
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There is a better way!
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Look at how much better
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How?
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How? Averaging!

. Wi AR
= 2 - AnEREn _jL_ :
i
mFgsn e
e e N
] o 0
A A | ] ST
= =
R Co-financed b\[ the European Union 10 This Master is run under the context of Action e

R, s . No 2020-EU-IA-0087, co-financed by the EU CEF Telecom R
s Connecting Europe Facility under GA nr. INEA/CEF/ICT/A2020/2267423 S




MAI4CAREV

Master programmes in Artificial
Intelligence 4 Careers in Europe

How'? Averaging!

“interpolation”
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What is averaging?
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What is averaging? A weighted sum
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What is averaging? A weighted sum

49

What are the weights here ?
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Master programmes in Artificial
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Today’s Agenda

e Systems - filters
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Moving average is a filter

Filter or Rernel
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Filtering

o Filtering

o Forming a new image whose pixel values are transformed from original pixel
values

e Goal is to extract useful information from images, or transform
images into another domain where we can modify/enhance
Image properties

o Features (edges, corners, blobs...)

o Applications: super-resolution (resizing); in-painting; de-noising;

[Slide by Niebles]
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Super-resolution

De-noising

|elo O!.LUEJ,JBH

[Slide by Niebles]
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Systems

o We define a system as a unit that converts an input function
f[x,y] into an output (or response) function g[x,y], where (x,y)
are the independent variables.

o Inthe case of images, (x,y) represents the spatial position in the image.

[Slide by Niebles]
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Moving average - example
Flz, y]
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Moving average - example
Flz, y]
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Moving average - example
Flz, y]

Co-financed by the European Union

Connecting Europe Facility

Glz,y
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Moving average - example
Flz, y]
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Moving average - example
Flz, y]
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Moving average - example
Flz, y] Glz,y

[Slide by Seitz]
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Properties of systems
 Amplitude properties
e Additivity S| filn,m] + fjn,m]] = S|fi[n,m]] + S[f;[n, m]]

* Homogeneity  Slaf;[n, m]] = aS[fi[n, m]|]

* Superposition  Slaf;[n, m] + Bf;[n, m]] = aS[fi[n, m]] + BS[f;[n, m]]

Stability | fln,m]| <k = |g[n,m]| < ck

nvertibility ST [S[filn,m]]] = fln,m] [Slide by Niebles]

This Master is run under the context of Action
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Properties of systems

* Spatial properties
* Causality for n < ng,m < my, if fln,m] =0 = g[n,m] =0

S
e Shiftinvariance  f[n — ng,m — mo| — gln — ng, m — my|

[Slide by Niebles]
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Linear Systems - filters

e Linear filtering

— Form a new image whose pixels are a weighted sum of original pixel values

— Use the same set of weights at each point

« Sisalinear system (function) iff S satisfies

superposition property

[Slide by Niebles]
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Linear Shift Invariant Systems

o We call systems

which satisfy the superposition and shift-

invariant property Linear Shift Invariant Systems (LSI)

e Not all filters are LSI

o Isthresholding linear?

o Consider:
f1[n,m]

f1[n,m]

f2[n,m]

e LS| systems can

G0 Co-financed by the European Union
B Connecting Europe Facility

1, fln,m| > 100

aimn., m| = :
gln, m| 0, otherwise.
+f2[n,m] >T

<T

<T

oe described by the convolution operation
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Master programmes in Artificial
Intelligence 4 Careers in Europe

Today’s Agenda

e Convolution
* Box Filter

Co-financed by the European Union
Connecting Europe Facility
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Call this operation “convolution”

Filter or Rernel

Note: multiplying an image section by a filter is actually called “correlation” and convolution involves inverting the filter first

R Co-financed b\/ the European Union 31 This Master is run under the context of Action
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Convolutions on larger images

J Co-financed by the European Union

Connecting Europe Facility

This Master is run under the context of Action
No 2020-EU-IA-0087, co-financed by the EU CEF Telecom
under GA nr. INEA/CEF/ICT/A2020/2267423




Master programmes in Artificial
Intelligence 4 Careers in Europe

Kernel slides across image
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Convolutions on larger images
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This is called box filter

Box filters
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Box filters smooth image

Box filters
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Connecting Europe Facility under GA nr. INEA/CEF/ICT/A2020/2267423 S




MAI4CAREV

Master programmes in Artificial
Intelligence 4 Careers in Europe

Now we resize our smoothed image
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Master programmes in Artificial
Intelligence 4 Careers in Europe

So much better!

Co-financed by the European Union
Connecting Europe Facility
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Master programmes in Artificial
Intelligence 4 Careers in Europe

Compare to interpolation

Co-financed by the European Union
Connecting Europe Facility
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Box filters have artifacts
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Box filters: vertical + horizontal streaking

Co-financed by the European Union
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Box filters: vertical + horizontal streaking

I
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: Prog ; Computing ﬁA‘; Ngp%a
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Box filters: vertical + horizontal streaking

IIF
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Box filters: vertical + horizontal streaking

iz
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We want a smoothly weighted kernel
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Today’s Agenda

e (Gaussian
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Gaussians
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Master programmes in Artificial
Intelligence 4 Careers in Europe

Gaussians — how o affects the shape

1.0

0.8

0.2

0.0

TRETTE
© OO

02= 0.2, mm— ]

Co-financed by the European Union
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2D Gaussian

2.2
R
i" =_-E '2,:72

i Co-financed by the European Union
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Example 7x7 Gaussian

i Co-financed by the European Union

* *

R Connecting Europe Facility

Master programmes in Artificial

Intelligence 4 Careers in Europe
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Better smoothing with Gaussians
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Better smoothing with Gaussians
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Better smoothing with Gaussians
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Master programmes in Artificial
Intelligence 4 Careers in Europe

Today’s Agenda

* Cross correlation vs Convolution
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So what is convolution??

Master programmes in Artificial
Intelligence 4 Careers in Europe
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Cross-Correlation vs Convolution

Cross-Correlation Convolution

@) @~

>
la
|0

alb|c \ ilh 9
dle| fl fleldlI>
h|i clbla
{ ris|t r|is|t
N Ulviw see » see q YY) \ Ujviw + YY) q
X|y|lz xX|y|z
q =axr + bxs + ¢xt + dxu + exv + fxw + gxx + hxy + ixz q =ixr + hxs + gxt + fxu + exv + dxw + c¢xx + bxy + axz
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Image support and edge effect

*A computer will only convolve finite support signals

* What happens at the edge?

e zero “padding”
e edge value replication
h * mirror extension

[Slide by Niebles]

N Co-financed b\/ the European Union 58 This Master is run under the context of Action
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2D convolution example

m

-13

-17

-18

-18

13

20

17

Master programmes in Artificial Visual ”A‘
Intelligence 4 Careers in Europe g?gﬁ%”t'” N

Input Kernel Output

[Slide by Song Ho Ahn]

Co-financed by the European Union
Connecting Europe Facility
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Master programmes in Artificial
Intelligence 4 Careers in Europe

2D convolution example

o 4
Visual @, \%. <%
Computing ﬁA‘S Ngp%a
Group 4&%‘9‘

= 2—1-1]- 2[11] + x[0,—1]- A[0,1]+ »{1,-1] - 2[-1,1]

Co-financed by the European Union
Connecting Europe Facility
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o + x[—1,0]- #[1,0]+ x{0,0]- 4[0,0]+ x{1,0]- 4[-1,0]
0 0 + x[-1.1]- A[1,-1]+x[0,1]- #[0,-1]+ A{1,1]- A[-1,—1]
2j 3 =0.140-240.140.041. 0+2. 040 (-D+4 - (-2)+5 (-) =-13
4 |2 |-
4 5 6
71 8| 9 -20 | -17
-24 | -18
13 | 20 | 17
Output

[Slide by Song Ho Ahn]
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No 2020-EU-IA-0087, co-financed by the EU CEF Telecom
under GA nr. INEA/CEF/ICT/A2020/2267423
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2D convolution example

Co-financed by the European Union
Connecting Europe Facility

o 4
Visual @, \%. <%
Computing ﬁA‘S Ngp%a
Group 4&%‘9‘

= {0~1]- W[11]+ A 1,~1]- B[ 01]+ x{ 2,-1]- A[~1.1]
+x{0,0]- 2[1,0]+ 2{1,0]- 4 0,0]+ x{ 2,0]- #[—1,0]
+x{01]- A[1L=1]+ 2{1,1]- B[0,~ 1]+ x[2,1]- H{~1,~1]
—0.140.240.141.042.043- 0+4- (=) +5-(=2) + 6. (=1) = =20

61

13 | 20 | 17

Output
[Slide by Song Ho Ahn]

This Master is run under the context of Action
No 2020-EU-IA-0087, co-financed by the EU CEF Telecom
under GA nr. INEA/CEF/ICT/A2020/2267423
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Intelligence 4 Careers in Europe Computing &‘9}'

Master programmes in Artificial Visual IR s“; 4“5‘
Group x

2D convolution example

- x[1-1]- A[L1] + x{2,-1]- #[01] + { 3~1]- A~ 1,1]

Co-financed by the European Union
Connecting Europe Facility

N +x{1,0]- A[1,0]+ x[2,0]- 4[0,0]+ 2{3.0]- 4[-1,0]
+x[11]- A1)+ x[2,1]- H0,-1]+ 2 3.1]- #[-1,-1]
1 =0.140.-240.1+2.0+3-040.0+5. (=D +6- (-2)+0. (=) ==17
4
Y -13 | -20 -17
-18 | -24 | -18
13 | 20 | 17
Output

[Slide by Song Ho Ahn]

62 This Master is run under the context of Action
No 2020-EU-IA-0087, co-financed by the EU CEF Telecom
under GA nr. INEA/CEF/ICT/A2020/2267423
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Master programmes in Artificial Visual i 3% %

. Prog : Computing ﬁA‘S Ngpa
Intelligence 4 Careers in Europe Group XA

2D convolution example

3 2 3 =x—1,0]- A[1,1]+ 2 0,0]- A[0,1]+ x[1,0]- A[—1,1]
1 2 3 + x[—=1,1]- 2[1,0]+ 2 0,1]- %[ 0,0]+ x[1,1]- #[—1,0]
0 0 + x[—1,2] 2[1,-1]+x[0,2]- A[0,—-1]1+ x{1,2]- A[-1,—1]
ol 6 =0-141. 242140044045 040.(-D+7 - (-2)+8 (-1)=-18
-1 -2 |[-1
7 8f 9
-13 | -20 | -17
-18 | -24 | -18
13 | 20 | 17
Output

[Slide by Song Ho Ahn]

This Master is run under the context of Action

Co-financed by the European Union 63
Connecting Europe Facility under GA nr. INEA/CEF/ICT/A2020/2267423
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Master programmes in Artificial Visual i 3% %

. Prog : Computing ﬁA‘S Ngpa
Intelligence 4 Careers in Europe Group XA

2D convolution example

= x{0,0]- #[1L1]+ x{1,0]- H[0,1]+ x[2,0]- #[-11]
+x{0.1]- H[1,0]+ x[L1]- #[0,0]+ x[2,1]- #{-1,0]
+x{0,2]- H[L-1]+ A1,2]- M0~ 1]+ A 2,2]- k[-1,~1]
=1.142.243.144.045.0+6.0+7 - (=D +8. (-2) +9 . (-1) = —24

-13 |1 -20 | -17

-18]-24 | -18

13 | 20 | 17
Output

[Slide by Song Ho Ahn]

This Master is run under the context of Action

Co-financed by the European Union 64
Connecting Europe Facility under GA nr. INEA/CEF/ICT/A2020/2267423
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Master programmes in Artificial
Intelligence 4 Careers in Europe

2D convolution example

= x{10]- A[11]+ A 2,0]- {01+ {3,0]- H{~1,1]
+x{11]. H{1,0]+ 2[2,1]- #[0,0]+ 3.1]- #[-1,0]

+x{12]- W[1-1]+ 2[2,2]- {0~ 1]+ x[3.2]- H{-1~1]
=2.143.240.1+5.046.040.0+8-(-)+9 - (-2) + 0. (-1) = —18

o 4
Visual @, \%. <%
Computing ﬁA‘S Ngp%a
Group 4&%‘9‘

Co-financed by the European Union
Connecting Europe Facility

-13 |1 -20 | -17

-18 | -24 | -18

13 | 20 | 17
Output

65 This Master is run under the context of Action
No 2020-EU-IA-0087, co-financed by the EU CEF Telecom
under GA nr. INEA/CEF/ICT/A2020/2267423

[Slide by Song Ho Ahn]
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Calculate it!

Master programmes in Artificial
Intelligence 4 Careers in Europe

*

tci'nn'etti"ng 'Elurope "Fa'cil'ity

Rl Co-financed by the European Union

66

o000
o000 [ X X ]
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This Master is run under the context of Action Rt
No 2020-EU-IA-0087, co-financed by the EU CEF Telecom %
under GA nr. INEA/CEF/ICT/A2020/2267423 oL



MAI4CAREU

Calculate it!

Master programmes in Artificial
Intelligence 4 Careers in Europe

*

R Connecting Europe Facility

i Co-financed by the European Union

67

o000
o000 [ X X ]
o090
This Master is run under the context of Action Rt
No 2020-EU-IA-0087, co-financed by the EU CEF Telecom %
under GA nr. INEA/CEF/ICT/A2020/2267423 oL
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Today’s Agenda

e Examples of filters

Co-financed by the European Union
Connecting Europe Facility

68

This Master is run under the context of Action
No 2020-EU-IA-0087, co-financed by the EU CEF Telecom
under GA nr. INEA/CEF/ICT/A2020/2267423
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Master programmes in Artificial
Intelligence 4 Careers in Europe

Guess that kernel!

Co-financed by the European Union
Connecting Europe Facility

69

This Master is run under the context of Action

No 2020-EU-IA-0087, co-financed by the EU CEF Telecom

under GA nr. INEA/CEF/ICT/A2020/2267423




Master programmes in Artificial
Intelligence 4 Careers in Europe

Highpass Kernel: finds edges

applied to grayscale

BRg Co-financed by the European Union

* *

tci'nn'etti"ng 'Elurope "Fa'cil'ity
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70 This Master is run under the context of Action Rt

No 2020-EU-IA-0087, co-financed by the EU CEF Telecom %

under GA nr. INEA/CEF/ICT/A2020/2267423 B
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Master programmes in Artificial
Intelligence 4 Careers in Europe

Guess that kernel!

Co-financed by the European Union
Connecting Europe Facility

71

This Master is run under the context of Action

No 2020-EU-IA-0087, co-financed by the EU CEF Telecom

under GA nr. INEA/CEF/ICT/A2020/2267423
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Master programmes in Artificial
Intelligence 4 Careers in Europe

|dentity Kernel: Does nothing!

(11 =

Co-financed by the European Union 72
Connecting Europe Facility

This Master is run under the context of Action
No 2020-EU-IA-0087, co-financed by the EU CEF Telecom

under GA nr. INEA/CEF/ICT/A2020/2267423
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Master programmes in Artificial
Intelligence 4 Careers in Europe

Guess that kernel!

Co-financed by the European Union
Connecting Europe Facility

73

This Master is run under the context of Action

No 2020-EU-IA-0087, co-financed by the EU CEF Telecom

under GA nr. INEA/CEF/ICT/A2020/2267423
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Sharpen Kernel: sharpens!

applied to all three channels

S [ [ e

Note: sharpen = highpass + identity! Why ?

Co-financed b\[ the European Union 74 This Master is run under the context of Action = ik
Connecting Europe Facility under GA nr. INEA/CEF/ICT/A2020/2267423 S




Master programmes in Artificial
Intelligence 4 Careers in Europe

Sharpen Kernel: sharpens!

What does blurring take away?

Highpass

ldentity +
Highpass

Co-financed by the European Union

Connecting Europe Facility

detail

This Master is run under the context of Action
No 2020-EU-IA-0087, co-financed by the EU CEF Telecom
under GA nr. INEA/CEF/ICT/A2020/2267423
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Guess that kernel!

Co-financed by the European Union 76
Connecting Europe Facility

This Master is run under the context of Action
No 2020-EU-IA-0087, co-financed by the EU CEF Telecom

under GA nr. INEA/CEF/ICT/A2020/2267423
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Emboss Kernel: styling

applied to all three channels

S [ [ e

Co-financed b\[ the European Union 77 This Master is run under the context of Action E h
Connecting Europe Facility under GA nr. INEA/CEF/ICT/A2020/2267423 S
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Guess those kernels!

o
NOIN
o
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R
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Co-financed by the European Union
Connecting Europe Facility
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78 This Master is run under the context of Action £ *¥x
No 2020-EU-IA-0087, co-financed by the EU CEF Telecom x  *
under GA nr. INEA/CEF/ICT/A2020/2267423 T
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Sobel Kernels: edges and...

-
e

i Co-financed by the European Union

* *

R Connecting Europe Facility

This Master is run under the context of Action
No 2020-EU-IA-0087, co-financed by the EU CEF Telecom
under GA nr. INEA/CEF/ICT/A2020/2267423
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Master programmes in Artificial Visual X s‘%‘»"

Intelligence 4 Careers in Europe gomputing k‘\j‘v}

Sobel Kernels: edges and gradient!

Co-financed by the European Union
Connecting Europe Facility
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Master programmes in Atrtificial Visual
Intelligence 4 Careers in Europe g%ngutm

i b

Sobel Kernels: edges and gradient!

This visualization is showing the magnitude and direction of the gradient

No 2020-EU-IA-0087, co-financed by the EU CEF Telecom

Co-financed by the European Union 81 This Master is run under the context of Action S
Connecting Europe Facility under GA nr. INEA/CEF/ICT/A2020/2267423 W
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Master programmes in Artificial
Intelligence 4 Careers in Europe

And so much morel!l

e Nexttime
O Edges

o Features

Co-financed by the European Union
Connecting Europe Facility

82

This Master is run under the context of Action
No 2020-EU-IA-0087, co-financed by the EU CEF Telecom
under GA nr. INEA/CEF/ICT/A2020/2267423
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Thank you.

Co-financed by the European Union This Master is run under the context of Action

No 2020-EU-IA-0087, co-financed by the EU CEF Telecom
Connectlng Europe FaCIllty under GA nr. INEA/CEF/ICT/A2020/2267423
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