Machine
Learning For
Design

Lecture 3 - Machine Learning for Images

Alessandro Bozzon
16/02/2022

mifd-io@tudelft.nl
www.ml4design.com



mailto:mlfd-io@tudelft.nl
http://www.ml4design.com




B (Groups composition
B 23 groups are complete
B 4 groups with <4 members should join —> email sent, please act on it

B The teaching team will create 25 channels in MSTeams —> please join the channel of your group

B Quizzes for W1 are now out

B [hank you all that contributed!
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Classification / Regression

Classification

B | earn to output a category label
® Binary (e.g. Spam / not Spam, Cat / not cat)
m Multi-class (e.g. cat, dog, bird)

Regression

B | earn to guess one or more numbers

m e.g. value of a share, number of stars in a
review

A X ' Zipcode
) ) . . o0 NSIDC Index of Arctic Sea ice in September
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Images

® Visual content acquired through cameras, scanners, etc.

® Each pixel in an image is a feature
®  But spatially and geometrically organised

B e.g. edges, corners

B Feature values are numerical values across channels

m e0.RGB

® Dimensionality —>nxm

More in Module 1

-
m
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Duck
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A bit more on
regression and
classification

And your very first contact with (deep) neural
networks




Linear Regression /1

Cost

Size




Linear Regression /2

Cost

Size




Llnear Reg ression Intercept (parameter, or bias) Slope (parameter, or weight)
NS # Cost = b + x Size <= [EErENrET

Cost

Size




Cost = x Size
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predicted value - actual value

Errori: ————

Cost = x Size

x =0.05
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Err0r1: e

ErrorZ: L

Cost = x Size

0.2
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Error = —
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Mean Squared Error (MSE)

d
Z (PrediCtiOni _ Valuei)z
k
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Finding the best parameter values (training the model)

B Gradient descent
Costat step 12 = 0.451

O TEEW derivative at b
VA
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00 05 10 15 20 25 30 35 40

B Hyperparameters
B Learning Rate: “speed” of descent

Fit at iteration O

B Epochs: max number of steps
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Polynomial Regression

= Cost = b + x; Size + x2 Size? + .... + X, Sizen




Classification

Math ?
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Classification

Math

10

9

38

@ -

Test: 7 A

Math: 6

Test

17



Logistic Regression
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=P Test
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=P Test
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Neural Network

Math ?
10
9
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Neural Network

Neuron

:

(numbers)

Mathematical
operation

Perceptron

Output
(number)
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Perceptron

Activation

oo function

31



Perceptron

Cost = b + x Size

Remember our linear regression function?

It can be represented with a perceptron
.- Weights having a single input and a bias

1}

Output

J—’§’=6(3x1—2x3+4x3+2)

Activation
o*" function
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Perceptron

Cost =a + b Size

Remember our linear regression function?

It can be represented with a perceptron

.- Weights having a single input and a bias
Activation
_.-" function .
‘ Input (weighted
Output sum of values)

J—’§’=6(3x1—2x3+4x3+2)

Input (weighted

sum of values)

Step function
(discrete)

0ifyis <=0

0ifyis <=0

Sigmoid function
(continuous)
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Neural Network




Neural Network

Test Grade
Classifier

Math Grade
Classifier

Admission
Classifier
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Neural Network

Test Grade
Perceptron

j'Fest'i 2 P I |

thnathé' W+

Math Grade
Perceptron

‘, I

(Math W4

- Test |

0/
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W7
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Percptron

0/1
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Neural Network
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Neural Network

With Sigmoid

1 | at | "
v s
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Fully Conected Neural Network

Depth

B Hyperparameters

B | earning rate
B Number of epochs

B Architecture
B # |ayers, #nodes, activation functions

B Batch vs. mini-batch vs. stochastic
gradient descent

B Regularization parameters:
B Dropout probability p

Layer Size

Advanced, not covered

Input Hidden Hidden Output
layer layer layer layer




Classifying into multiple classes - softmax function

B Return a probability for each class
B |magine example Ci= ADMITTED, Co = NOT ADMITTED, Cs = NEW TEST
B p(Cy1)=0.37 p(Co) =0,21, p(Cs) =0,42

B \\e use the Softmax activation function for the output layer

[0,1] e(xi)
Softmax(x;) = ———

S M [0,1] Re(eX

Normalisation
term on K
classes

E)— (01

Softmax Layer

40



Tinker With a Neural Network Right Here in Your Browser.

Don't Worry, You Can't Break It. We Promise.

Epoch Learning rate Activation Regularization Reqgularization rate Problem type

OO0,000 0.03 v Tanh v None 0 v Classification

DATA FEATURES + — 2 HIDDEN LAYERS OUTPUT

Which dataset do Which properties Test loss 0.497

Ve want to 1icea? do volul want to et e N\ A
you want to use do you want to i & Y = raining loss 0.502

4 neurons 2 neurons

feed in?

B
l

_
|}

weights, shown
- th o - )

(Np R EEE

- This is the output
_'. from one neuron.
Hover to see it

REGENERATE

M Aalare chavwe
s oW |

data, neuron and

https://playground.tensorflow.org/
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189
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224 147
214 173

196 236
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168 150 152 1561
4 75 62 33
14 34 6 10

124 131 111

233233 214 220 230 220 90
209 186 216 211 150 139 75

84 10 168
193 158 227
252 236 187 86
108 227 210
66 109 143 96

/5 1 81 47
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90 74 206

75 20 168

62 22 148
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75 20 168
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210 180 154 155
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182 163 74 75 062 33
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167 | 163 | 174 | 168 H 150 H 152 | 151 | 172 | 161 | 15 g 187
165 | 182 | 163 | 74 | 75 | 62 110 | 210 | 180 @ 154
180 | 180 | 50 ‘ 4 6 10 | 33 | 48 | 106 # 150 | 181

g% 109 | 5 124 1 131 111 | 120 | 204 166 @ 16 @ 56 | 180

172 | 105 | 207 | 233 | 233 | 214 | 220 | 230 | 220 | 90 | 74 | 206

188 | 88 | 179 | 209 H 186 216 | 211 | 160 139 | 75 & 20 | 168

189 | 97 | 165 84 | 10 | 168 | 134 | 11 31 62 | 22 | 148

199 | 168 | 191 | 193 | 168 # 227 | 178 | 143 1 182 H 106 = 36 | 196

205 | 174 1 155 | 252 | 236 | 187 | 86 | 160 | 79 | 38 | 218 | 241

189 | 224 | 147 | 108 | 227 210 | 127 | 102 | 36 | 101 255 | 224

00 | 214 1 173 | 66 | 109 | 143 1 96 | 50 2 1109 | 249 | 210

187 | 196 | 236 55 | 211

B [eature (pixel) values are numerical
B O or 1 for Black and White

B Dimensionality B Between O and 255 for greyscale
anxm m 16M values for RGB

B Each pixel in an image is a feature




Computer Vision

B Building algorithms that can “understand” the Strong vs. Weak Artificial Intelligence
CO qtent Of images and use it for Other ] s:rjsﬁga/Genera//ntelligence (AGI), human-level, genera

m The Al we see in movies

[ ] [ ]
a. p O | | Cat | O n S m Al that can do everything we humans can do, and possibly much more

B [tisa “Strong Al” problem

B e.g. speech recognition, chess-playing, autonomous driving

B signal-to-symbol i
S I n a O S m O CO nve rS I O n ® No Al program has been created yet that could be called intelligent in any general (Strong Al) sense

m A pile of narrow intelligence will never add up to a general intelligence. General intelligence isn't about the number of abilities, but
about the integration between those abilities?

B [he semantic gap

m Superintelligence doesn't really mean anything - a basic calculator far exceeds any human benchmark for performing basic arithmetic

B A general-purpose vision system requires

B [lexible, robust visual representatation

B Updated and maintaned

B Reasoning

“Easy problems are hard”

B |nterfacing with attention goals, and plans

B \Vhat specific tasks can we train a CV system to

perform??
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https://github.com/matterport/Mask_RCNN
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Project Sunroof

Google Project Sunroof Savings estimator Data explorer Solar 101 FAQ

o8 J

22314 Cupertino Rd, Cupertino, CA 95014, USA

- B

Analysis complete. Your roof has:

1,910 hours of usable sunlight per year
Based on day-to-day analysis of weather patterns

863 sq feet available for solar panels

Based on 3D modeling of your roof and nearby trees

$13,000 savings

Estimated net savings for your roof over 20 years

Wrong building? Click another roof to view details.

% ap data201 9 Google | Terms of Use

https://www.google.com/get/sunroof
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sunny coast

greener forest path

. \\‘\\S:\\_ 35550000005

Pfedictios:
e Type of environment: outdoor
e Scene categories: skyscraper (0.704), downtown (0.211)

e Scene attributes: man-made, vertical components, open area, natural
light, clouds, no horizon, metal, glass, sunny

e Informative region for predicting the category "skyscraper” is:
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- Hugging Face Search models, datasets, users... ¢ Models Datasets Spaces
8B cpaces: @OFA-Sys OFA-Image_Caption ™  ©like 12 Running
¢ App I~ Files and versions

OFA-Image_Caption

Gradio Demo for OFA-Image_Caption. Upload your own image or click any one of the examples, and click "Submit" and then wait for the generated caption.

Image Caption

people skating on a rink in a city park with skyscrapers

Clear Submit

- Docs

.. Solutions

Pricing

W

-

8.28s
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Stereolabs ZED Camera

B 3D Object Detection
B Body tracking

B Positional tracking

https://www.stereolabs.com/
docs/object-detection/

https://www.stereolalbs.com/
docs/body-tracking/
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Google

images

Search by image
Search Google with an image instead of text. Try dragging an image here.

Drop image here

Image search results

Explore similar-
vV

looking items

.
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Visually similar images
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Week 2 Tasks

B Submit 2 questions about today’s lecture

B Nhttps://forms.office.com/r/CKAMSYeFVvA

B Prepare for Friday’s tutorial!

B https://ml4design.com/tutorials/image-processing-methods/preparation/

B Start to look into what is required for the first group assignment

B Due date of first report is Tuesday March 1st.

B Jest your knowledge on W1 questions

B And feel free to propose new ones!

70


https://forms.office.com/r/CkAmsYeFvA
https://ml4design.com/tutorials/image-processing-methods/preparation/

Machine
Learning For
Design

Lecture 3 - Machine Learning for Images

Alessandro Bozzon
16/02/2022

mifd-io@tudelft.nl
www.ml4design.com



mailto:mlfd-io@tudelft.nl
http://www.ml4design.com

Credits

B CMU Computer Vision course - Matthew O’ Toole. http://16385.courses.cs.cmu.edu/spring2022/

B Grokking Machine Learning. Luis G. Serrano. Manning, 2021
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