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Computer Vision (CV)
Introduction
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=vam=  Visual perception

How can people see and recognize

things?

We process what we see with our
brain
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-  Computer Vision

How is it possible for a computer to see

and recognize objects?




-~ Computer Vision

ENARIS
General functionality
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take a picture process
information




enars Some CV tasks

classification +
classification localization object detection
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Cat Cat on position XY

Discover other applications of CV - interactive:


https://aidemos.microsoft.com/computer-vision/recognize
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Digital Images - Basics




200 255

» Images are made up of

nixels

« Pixels have color values

y

- Grayscale images can be 4

saved easily




The computer “sees
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o Flood fill algorithm

How could this algorithm work?

Write down the individual steps

>

47 4




ENA‘% Flood fill algorithm

How could this algorithm work?

— Take two colors (background and font color)
— Place the brush on a starting point

— Keep painting until the point under the
brush has a different color than the
background

— When everything is painted, check how
much of the brush color was used

3
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Eméﬁ"s Flood fill algorithm

What problems could arise?
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Classic CV Algorithms
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Image created with https://openai.com/dall-e-2/



- Edge detection algorithm

¢ 0 0 0 0 0 0 0 0 0 0O 0 O O O O 0 O 0 0 0 0 O O 0O 0 0 0 0 0 0 0
¢ 0 0 o 0o 0 0 0 0 0O 0O O O O O O O O O O 0 0 0 O O 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 138 138 138 138 138 0 0 0 0 0O O O O 0O O O 0 0 0 0 © 0 0
0 0 0 0 O 0 0 0138 138 133 138 138 138 13¢ 0 ©0 0 ©0 0O O O O O O O O 0O O O O O
0 0 0 0o O0 O 0 0162 138 138 138 138 138 138 0 O O 0 0 O O O O O O O 0O 0O O O O 0 0
0 0 0 0 0 0 0 55 162 138 138 138 138 138 138 o0 0 0 O 0 O 0O O O ©0 O 0O O 0 O 0 0
0 0 0 0 O 0 0 0162138 138 138 138 138 13¢ 0 ©0 0 ©0 0 O O O O O O O 0O 0O O O O
0 0 0 0o O0 O 0 0138 162 138 138 138 138 138 0 ©0 O 0 0 O O O O O O O 0O 0O O O O 0 0
0 0 0 0 0 0 0 0 0 138 138 138 138 43 0 0 0 0 0O O O O 0O O O 0 0 0 0 © 0 0
¢ 0 0 0 0 0O 0 0 0O 0162138 13 0 0 0 0 0 ©0 0 0 0 O O O O O 0 0 0O 0 0
¢ 0 0 0o 0 O 0O 0 O 0162138 133 0 0 O O O0 0 0 0O O O O O 0 0O 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 O 0162 138138 0 0 0 0 0 O 0 O O 0 O 0O O 0 0 0 O 0 0
¢ 0 0 0 0O O 0 0 0O 0162138 133 0 0 0O 0 0 ©0 0 O 0 O O O O O 0O 0 0 0 0
¢ 0 0 0o 0 O 0O 0 O 0162138 133 0 0 O O O0 0 0 0O O O O O 0 0O 0 0 0 0 0 0 55
0 0 0 0o 0 0O 0O 0 0O 0162138 133 0 0O O O O 0 O O O O O O 0O O 0O 0 0 0 O
¢ 0 0 0 0 0O 0 0 0O 0162138 13 0 0 O ©0 0 ©0 0 O 0O O O O O O 0O 0 O 0 0
¢ 0 0 0o 0 O 0O 0 O 0162138 133 0 0 O O O0 0 0 0O O O O O 0 0O 0 0 0 0 0 0 0
00
00
w0 0

162 138 162 162 162 162 162 162 162 162 31 31 31 162 162 162 162 162 162 162 138 138 138 138 138 138 138 138 138 138 138 138 138 138 138
138 138 162 162 162 162 162 162 162 162 162 162 162 162 162 162 162 162 162 162 138 138 138 138 138 138 138 138 138 138 138 138 138 138 138

Lo o e = e e P = = = = = ==
cc oo o oo ooocooo o000 oo
4]

4]
4]
4]
4]
4]
4]
4]
4]
3]
&
&
&
&
&
&

e e e e s e e a
o e e e s e e a
o e e s 8o e o
o e e e s e e a
o e e s 8 oo o
o e e e s e e a




0
]
0
0
o
0
o
o
0
]
o
0
]
o
0
]
0
o
0
0
o
0
o
0
]
0
0
o
0
o
o
0
o
o
0
]
o
0
]

B T T TTTTTTTTTTTTTTTTTTTTETTETETETETETETETETETETE
csccocscscccccscccccscccocscocccocscsc0000000006006S 0 e
scccecscccccscccccgecccscecscscaoscsonceo0o0e6e6as e
sccsccecccccscceccegoccccesocescaosecascaa6geeessas s
cccsccscscccscccscgocacccooccscccsaso5c066g566ssa6 s
cecoccsoccocscsocncygoococsoo6sscoocnsnoscsa6gsessssss /
ccococccccccscoococygoocoocccoocoococscoo0ocooogos o0 oe o
ccococccoccoccsccoscyocococccooccocococscoo0cooogoeooo oo s
ccoocecococccscconcgoocoocecooccocococaanconcoaogoeoooass
scooceccccecsaccesegyscacscccsacacaecaacanesaogeeasaansa
cscccecccccecsaccosecyscaccaccccancccscsaconcaaogeeasnaassa
cccecceccccecsccocegocccepoenmoccesacosceoegeeeses e s
ccccccccccsccoccygocccccoosgoccoscooscsoooecs s o s
scccescccscscccceygecccececegecaocscsoscasogoessoas s
ccoccecccccsccocegococegoocegocccaagosecsaogoeasaasa
scaoceccccecsacaseyocacegoogaecaccecaagasesaogeeasnaansa
sccscecscccccsccoscyocaccacocacacasagosgeooygoeanyass
cccccccccecsccoccgocccccoocccoccosagoogeocosceo g s
sccgnoogecsccccecgocccscocscscsosogoogeocooecsgS o s
sccocscsccocgeosccccecygscccscsocscscaosageopeocoseesga s s
segcceccscepeccecsegoccccecsocccscccsagesgoacaseesgas s
cegccsccsccocscscscscccocsooccsco0csagesgo66o56sss oo e
ccgocccoccopoccoconNoccoocccooconcoosogoo oo o s s <
ccococccoocgesccoscyocoocscoosoococoogoogoeooe s .
ccoproogocsccoccyoococccocsocococoapgoogooooos
scoocecocccecsccoseygscocscocsaccacaagaopgososass
sccocecccaecsacaseygscacsacasacaacsagasgesosgess
cccccscocccecsccoscyocasccaccacacaacsagosmasnegse .
cccccccsccecsccocogoccsegooegoccosagocosooge e s
ccococccoccccsccoccyocococorocemococscgoocooogoeooo oo
©C 00 0000000000000 YO0000gEo0o0YOoo0000000oCoogeod -
scccescocccecsccasegyscacapgocegoccecsacanesaogssd
seccocecccccecsccoseyscaccccscancaassacasesaogsed
ceccecceccccecsccocegoccccccececacesasosesoene e d
ccccccccccsccoscgoccoccooccoccoscsosos oo o d
scccscsccscsccccscygscccscecscscaoscsoscesogno s d
scccscsccccsscccceygecccesceccescaoaesancea6go s d
csccsccscscscccsccecscgocaccscosccscsoaasa66sa6g5sd

= a

? q

° s

= s

s s

0000
0000
00 00
0000
0000
0000
0000
0000
0000
000 0
0000
0000
0000
0000
0000
0000
0000
0000
00 00
0000
0000
00 00
0000
0000
0000
00 00
0000
0000
00 00
0000
0000
00 00
0000
0000
0000
0000
0000
0000
0000
0000
0000
0 0 0 0

0O 0 0 0 0 O

46 46 48 47 46 46
0 0 0 0O 0 O
0O 0 0 0 0 O

tal Edges

izon

Hor




enamis - Calculate horizontal edges

A B Cc D

calculation rules
H 255| 255 255 255
Ag - Ab

n 234] 239 234 241 Ba - Bb
- R
40 0 8th 98 Do — Db

Moo« o



=va-= Calculate horizontal edges

nzss 255 255 255 u
n 239 234 241 n > 7
.

0O 8th 98 -? P ?

m 0 0 4 0 p p
Aa - Ab
Ba — Bb
Ab — Ac =234 — 40 =194 Ca-Cb
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Vertical edges




snass - Calculate vertical edges

calculation rules

Aa-Ba
0 Ab - Ba
Ac - Bb
Ad — Bd

Ba - Ba = 255 - 49 = 206 P



enams yertical edge to calculate

a8 c ol A 8 C D
49 1 206 °? ?

255 0

239 1 0 16 ? ? ?

249 4 0 6 ? ?

250 57 O 0 ? ?

Aa-Ba
Ab - Ba
Ad — Bd /// / 7 %
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Comparison with original
sNams  imnage

« Can the computer recognize what's in the picture?
« No — further steps are necessary for this

 Further processing of the detected edges
- Recognizing shapes (rectangle, circle, ...)
 Supervised Learning
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Face Recognition




-~ Face recognition &2

How would you recognize d
face in a picture?




=nam=  fACe recognition (%

What features does a
human face have?

D> Eyebrows are darker than
the forehead

®»» Bridge of the nose is lighter |
than...

3  Other features?




-vam- Face recognition o

How does a computer
recognize a face in an
Image?




=v== \iola Jones Algorithm

 developed in 2001 by Paul Viola and Michael Jones
- efficient pattern recognition in real time

* pictures and videos

- detects faces, but does not distinguish them

‘ —
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Sliding window

Images can contain more
than one face

>

examined

4
y/

The size of the subsection:s
»» adjusted
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Sections (red rectcmgle) are MO




- Essentials Viola Jonhes

®»» Haar-like features are small boxes that use mathematical
calculations to help the algorithm recognize the different parts ]

of a face

—

edge features line features four rectangle
features

» Features do not have a fixed size and can be adjusted /;;ifj

N ™
.
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- Haar-like features

Image converted to
grayscale

Search for specific
characteristics (features)




¢ So how does this algorithm
ENARIS
work?

B ..let's look at a few practical examples

@ Link



https://www.youtube.com/watch?v=hPCTwxF0qf4

.. Worksheet Viola Jones

1. First, place the red rectangle with the top left corner on section Al of
the printed image

2. Investigate which features would fit in the current segment (red
rectangle). Proceed in the following order:
a) check first —

d) if one of the features does not appear in the segment, you can go straight
to step 3

e) aface was only recognized if all three features occur in a segment

3. Place the red rectangle one after the other on segment Bl, Cl, A2, B2, /
C2, A3, B3, C3, A4, B4, C4 and repeat step 2 for each segment
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=~nans  Worksheet Viola Jones

face found!
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=an- EXercise advanced

- Try the Viola Jones algorithm in Python (ViolaJones.

- Change the following parameters to
recognize as many faces as possible in the images:
* scaleFactor
* minNeighbors
* minSize
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Machine Learning in CV
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=nam=  Short Summary

1. train model

2. Enter image with
object(s) to be
recognized

3. Process image and

compare with
trained model

4. output of the results

Supervised Learning



e

ENARIS

Now it's time to develop your own

computer vision algorithm !

"Face Unlock for Smartphones”


https://machinelearningforkids.co.uk/?lang=de
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Discussion

Opportunities and Limitations




. Time for the discussions...

Can you think of an exciting application for

computer vision from your everyday life?

How could you confuse the computer?
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«wa-= Fooling the Al

original image after pixel changes

---------

classified as: classified as:
traffic light (99%) Can Opener (85%)




