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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
® g RGB

® Dimensionality —>nxm
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More in Module 2
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A bit more on
regression and
classification

And your 2" contact with (deep) neural networks




Linear Regression /1

Cost

Size




Linear Regression /2

Cost

Size




Llnear Reg reSSIOn Intercept (parameter, or biag) Slope (parameter, or weight)
(NS = Cost = b + w*Size4s [T

Cost

Size




Cost = w*Size




Cost = w*Size

w = 0.05

predicted value - actual value

Fitq;

Errori:




Errori:
Erroro:

Fito:

—

Cost = w*Size

w = 0.2
1 n L 2
Error = — ), (Prediction; — Value;)

K Current data point

Mean Squared Error (MSE)
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Cost = w*Size

w = 0.05
Fitq;

Errori: ————

Fit1 IS a better fit on the training data than Fito
Error2:

We select w = 0.05
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Finding the best parameter values (training the model)

« Gradient descent

y Costat step 12 = 0.451

W
12

00 05 10 15 20 25 30

Parameter w

« Hyperparameters

« Learning Rate: “speed” of descent
« Epochs: max number of steps

Fit at iteration 0
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Polynomial Regression

=) Cost = b + w1 Size + w> Size? + .... + wn Size"
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Logistic Regression
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Error: 2




Error: 2




Error: 1
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Neural Network
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Neural Network

Neuron

:

(numbers)

Mathematical
operation

Perceptron

Output
(number)
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Perceptron

"\PUtS _. Weights

Activation
* function

’\‘

Output

0‘(3){1 — 212 + 4X3 + 2)
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Perceptron

Cost = b + w*Size

Remember our linear regression function?

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

1§

Output

J_’ :\\ = 0‘(3){1 — 2.x?_+4X3 + 2)

Activation
L function
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Perceptron

Cost = a + w*Size Step function

. . . (discrete)
Remember our linear regression function?

It can be represented with a perceptron

.- Weights having a single input and a bias
Activation T Tiyis>0
' Input (weighted .
Output sum of values)

J_’ :\\ = 0‘(3){1 — 2.x?_ + 4X3 + 2)
Sigmoid function

(continuous)

o(input) = 1+ g-input

Input (weighted

sum of values)
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Neural Network




Neural Network

Physics Grade
Classifier

Math Grade
Classifier

Admission
Classifier
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Neural Network

Physics Grade
Perceptron

i)

Math Grade
Perceptron

1

0/

o
W8
L

Admission
Perceptron

1

0/1

35



Neural Network




Neural Network

With Sigmoid
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Fully Conected Neural Network

Layer Size

Depth

N :

W Syeee
"e » "’0'

O
KL

&

Input Hidden Hidden Output

layer layer layer layer

Hyperparameters
« Learning rate
« Number of epochs
« Architecture
« # layers, #nodes, activation functions

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

» Regularization parameters:
« Dropout probability p

Advanced = next lecture




Classifying into multiple classes - softmax function

« Return a probabillity for each class
« Imagine example C1= ADMITTED, C2 = NOT ADMITTED, Cs = TAKE TEST
« p(C1)=0.37, p(C2) =0,21, p(C3) = 0,42

« We use the Softmax activation function for the output layer

e(xi)
25{ e (X))

1

Normalisation

Softmax(x;) =

Value of class /

term on K
classes

Softmax Layer
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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 1iea? do volul want to et 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 - )

[NpNREEE

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

REGENERATE

M Aalare chavwe
s oW |

data, neuron and

https://playground.tensorflow.org/




Machine
_earning and
Images
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167 153 174 168 1560 1562 151 172 2150 152 151 172 /161 1565 156 187

156 182 163 74 75 62 33 17 /5 62 33 17 110 210 180 154

180 180 60 14 34 6 10 33 34 6 10 33 48 106 150 181
2060 109 &5 124 131 111 120 204 166 16 56 180206 109 &5 124 131 111 120 204 166 16 56 180206 109 5 124 131 111 120 204 166 16 56 180 206 109 5 124 131 111 120 204 166 16 56 180
172105 207 233 233 214 220 230 220 90 74 2006 172 105 207 233 233 214 220 230 220 90 74 206 172 /105 207 233 233 214 220 230 220 90 74 206 172 105 207 233 233 214 220 230 220 90 74 206
188 88 179 209 186 216 211 150 139 75 20 168 188 88 179 209 186 216 211 150 139 75 20 168 188 88 179 209 186 216 211 150 139 75 20 168 188 88 1/9 209 186 216 211 160 139 75 20 168
189 97 165 84 10 168 134 11 31 062 22 148189 97 165 84 10 168 134 11 31 062 22 148189 97 165 84 10 168 134 11 31 62 22 148 189 97 165 84 10 168 134 11 31 062 22 148
199 168 191 193 1568 227 178 143 182 106 36 196 199 168 191 193 1568 227 178 143 182 106 36 196 199 168 191 193 1568 227 178 143 182 106 36 196 199 168 191 193 158 227 1/8 143 182 106 36 196
205 174 /1565 252 236 187 86 150 79 38 218 241 205 174 1565 252 236 187 86 150 79 38 218 241 205 174 155 262 236 187 86 150 79 38 218 241 205 174 155 252 236 187 86 150 79 38 218 241
189 224 147 108 227 210 127 102 36 101 255 224 189 224 147 108 227 210 127 102 36 101 255 224 189 224 147 108 227 210 127 102 36 101 255 224 189 224 147 108 227 210 127 102 36 101 255 224
190 214 173 66 109 143 96 50 2 109 249 210190 214 173 66 109 143 96 60 2 109 249 210190 214 173 66 109 143 96 50 2 109 249 210 190 214 1/3 66 109 143 96 50 2 109 249 210
187196 236 /&5 1 81 47 0O 6 217 255211187 196 236 /5 1 81 47 O 6 217255211187 196236 /5 1 81 47 0 ©6 217 265211187 196236 75 1 81 47 0 06 217 255 211
167153 174168 150 152 151 172 161 155 156 187 167 153 174 /168 150 152 151 172 161 155 156 187 167 /1563 174 168 150 162 151 172 161 1565 1566 187 167 163 174 168 150 1562 1561 172 161 155 156 187
156 182 163 74 75 62 33 17 110 210 180 154 155 182 163 74 75 62 33 17 110 210 180 154 165 182 163 74 75 62 33 17 110 210 180 154 155 182 163 74 5 62 33 17 110 210 180 154
180180 60 14 34 6 10 33 48 106 150 181180 180 60 14 34 ©6 10 33 48 106 150 181180180 50 14 34 6 10 33 48 106 150 181 180 180 50 14 34 6 10 33 48 106 150 181
2060 109 5 124 131 111 120 204 166 16 56 180206 109 5 124 131 111 120 204 166 16 56 180206 109 5 124 131 111 120 204 166 16 56 180 206 109 5 124 131 111 120 204 166 16 56 180
172105 207 233 233 214 220 230 220 90 74 206 172 105 207 233 233 214 220 230 220 90 74 206 172 105 207 233 233 214 220 230 220 90 74 206 172 105 207 233 233 214 220 230 220 90 74 206
188 88 179 209 186 216 211 160 139 75 20 168 188 88 179 209 186 216 211 160 139 75 20 168 188 88 179 209 186 216 211 150 139 75 20 168 188 88 1/9 209 186 216 211 150 139 75 20 168
189 97 165 84 10 168 134 11 31 062 22 148189 97 165 84 10 168 134 11 31 062 22 148189 97 165 84 10 168 134 11 31 62 22 148 189 97 165 84 10 168 134 11 31 062 22 148
199 168 191 193 1568 227 178 143 182 106 36 196 199 168 191 193 1568 227 178 143 182 106 36 196 199 168 191 193 158 227 1/8 143 182 106 36 196 199 168 191 193 158 227 178 143 182 106 36 196
205174 /15656 252 236 187 86 150 79 38 218 241 205 174 1565 252 236 187 86 150 79 38 218 241 205 174 155 262 236 187 86 150 /9 38 218 241 205 174 155 252 236 187 86 150 79 38 218 241
189 224 147 108 227 210 127 102 36 101 255 224 189 224 147 108 227 210 127 102 36 101 255 224 189 224 147 108 227 210 127 102 36 101 255 224 189 224 147 108 227 210 127 102 36 101 255 224
190 214 173 66 109 143 96 560 2 109 249 210190 214 173 66 109 143 96 560 2 109 249 210190 214 173 66 109 143 96 50 2 109 249 210 190 214 1/3 66 109 143 96 50 2 109 249 210
187196 236 /5 1 81 47 0O 6 217255211187 196 236 75 1 81 47 0O 6 217255211187 196236 /5 1 81 47 0 ©6 217 265211187 196236 75 1 81 47 0 6 217 255 211
167 153 /174 168 150 152 151 172 161 155 156 187 167 153 174 168 150 152 151 172 161 155 156 187 167 153 174 168 150 152 151 172 161 155 156 187 167 1563 174 168 150 152 151 172 161 155 156 187

155 182 163 74 75 62 33 17 110 210 180 154 155 182 163 74 75 62 33 17 110 210 180 154155 182 163 74 75 62 33 17 110 210 180 154 155 182 163 74 75 62 33 17 110 21480 154
180 180 60 14 34 6 10 33 48 106 150 181180 180 50 14 34 6 10 33 48 106 150 181180 180 50 14 34 6 10 33 48 106 150 181 180 180 50 14 34 6 10 33 48 106 150 181



167 | 163 | 174 | 168 | 160 H 152 | 1561 | 172 | 161 | 15 § 187
155 182 | 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 1 105 | 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 | 182 A 106 | 36 | 196

205 | 174 1 155 | 252 | 236 | 187 | 86 | 150 | 79 | 38 | 218 | 241

189 | 224 | 147 1 108 | 227 210 127 | 102 | 36 | 101 | 255 | 224

90 | 214 | 173 | 66 | 109 | 143 | 96 | 50 2 1109 | 249 | 210

187 | 196 | 236 55 | 211

« Each pixel in an image is a feature » Feature (pixel) values are numerical
« O or 1 forBlack and White

« Dimensionality « Between 0 and 255 for greyscale
» NXm . 16M values for RGB




Computer Vision

Building algorithms that can “understand” the
content of iImages and use it for other
applications

't is a “Strong Al” problem
» Signal-to-symbol conversion

» |he semantic gap

A general-purpose vision system requires
» Flexible, robust visual representatation
» Updated and maintaned
» Reasoning
» Interfacing with attention goals, and plans

What specific tasks can we train a CV system to
perform?

Strong vs. Weak Artificial Intelligence

® Strong Al
m Artificial General Intelligence (AGI), human-level, genera
® The Al we see in movies
m Al that can do everything we humans can do, and possibly much more

u Weak Al
® Narrow Al
m Al specialised in well-defined tasks

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

® 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?

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

“Easy problems are hard”

45



—

| | ..~..
5y ¥ e
3 ~d
i
= . 3

AWRWmW|m
. AWMWm

AEWEL W

A

" ."I;-‘

A

'

4

E_‘l.
.

0

]

» L oz~

T ~“:\ (N}
L i

O e E -y



L
P

H

X

- l‘
R~
.
T
'
o, z,.‘

e
s
P
.

wp
e
Uit
b
.
i,
——
o5
8-
~

t

VAL Eiaeaty
f°‘,‘!ﬁ§g;§.‘
$174 H
i‘.ﬂ! .1-!“!‘5‘ j

v T
R

L)

74
$

tiny

(1L
i
.

!
o
(h
eny

"

s
i
L1 1

L
A

g

3

4

15

=
e

il

u"lil'h ¢
i
Bit

K

i
';_

h;

i
L it

i
i

il i
} "" 3 .
Y

”~
N
-
» .
Shae, o
— LT

e

-
?
<1
n

J

L

A7 7 7 7 KT KT KT ] Y
L7 777 fa ey —
777 7777712

77 7777773
7 7 I ] ] 0 0 £
e i fd B £ 7 6
WEmE eSOy

WEmmumem e
VT mm U s

5’?«.

\

\

U
> ¥
i v
w.r ey N
3 ﬁ. §
1 y
15 o 8%
x.»‘:w “u
AR
-WMa
=
™
.
Vs
v )
4]
- \L ; ~
75 X v
/ 14 s
) L s.w. y
) S
. g
P
| ;
B
f
..
¢




48



1
V) O

i

's Larges
d by Lumia 7

orld
WIS (S

W
L%




S =k O B & https://demo.morphcast.com/sdk-features/index.htmI?video=https%3A%2F%2Fdemo.morph 1 O, n O @ » @ @ L & § | @ =
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. . A
H D H ‘/ > e «GDPR
- — *
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Fully protects
your privacy
Choose your camera: No recording
No storing of
Camera 1 biometric data
— All images
Camera 2 T 100MS.
AFFECT -
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.3.5 dejected f;,,%
L +DROOPY compassionate
doubtf \\'{.;QED-L Lol cea Tent
_gf Passivel/ Calm
& DEACTIYATION




r1 » .
- Sihte, o
B 29w

A\ N0

P
H
X
.
R~
. S =
= T
» e
o, z,.‘
e
=
P
——

wp
ey
L PR
-~
*
o
A—
18
"L':f‘
—

- 3, 1y
T; D L
B A ) ¢
- \ )
- g .
o q
T
- T
o SB BmE -
L ",
{opeesT ¢
-
e
L R
it e
.

[}
’ |
!

3
L
44‘

T
eyt
LA

(D

’
:nz £
W

i

"‘.: SO
B
AL o

nebed A}

A

EY
e
—

e

AR T e

——
)
o e—
C e——
=

]
Vo mmtam
ey
e
Sy
e

R
L

't

t ll)l ’ln 1k
T TR |
e

- Lad

< (idinie’
)

o
o
-

igh=

-
=

!

=
o
o AL
gl
W
FoN———
e

——t
P



g =\
VA WASHINGTON  DRIVERLICENSE
FEDERAL LIMITS APPLY

saLicsWDLABCD456DG sciass DONORY
1 TALBOT
2 LIAM R.

8123 STREET ADDRESS g
YOUR CITY WA 99999-1234 - |
12 RESTRICTIONS 9a END L a .
B : a ExP 08/12/2 <,

3 pos 01/06/1958 42155 01/06/2015
15 SEX M 18 EYESBLU
16 HGT 5'-08" 17 WGT 165 Ib
Vet
u* ‘ ’_A SDDWDLABCD456061234567XX1101 Ve g:::)

B =ErEr =EEEe

ellel

XIZRAHD
" \\\

b5 Ef? ‘?-‘:&?EQ

A

‘ SEIR

52



. AWMWm

aEEnw
AWWR W
V00

A

—

'..'|
»
;.: : | [ =
br ]

4 = LS Ny L &... bt ! ’ 1 o | ] 1 ¥ gy

3 - 1 § - —— 1 A3 x y o P\ 4

o F )

R

LY '.l :
1]
(
o
-
-
- 5\ .
-
Ve - et
. .j - 3 ~n <3 - f2r S,
ya~
W F i '
{ Eop
L) -~ ¥ >
s
,; l .l‘ -;0"“1:' . wdPv
. TN O e :
f ~, o b A
o . » e

24
a
ne
I
o

gl

> - - ! 2 : ..w. 2 “w
o » 7 - < . “ s -t - 2 ‘:1 .- > i ‘_ \A A *
2 S => S Boas i ¥ g
— = -
f A 9}&\’_

. [ i o 3 :. %
.. o~ & : R ey iise X“l!’-.u, RERATHE V“i g : ""‘I" ‘;.‘l;;a..;”,v:,, ~ :
b e TR R T RAQUOR | | L
= m “e ' v - | ) ! i},j } ’“ | ““.;‘Hiil““’\l’g \ v e Ehe brshy g“'ﬂ it ii !‘ ‘
> ~ b < n SR L wA i t i Y I, Af% / $is | da
»* 7 - . - - nil cl‘ aen Sec” f10% !.il‘ . ‘.‘ ‘“""E-!l-_.g!ﬁ E‘E::{"‘“! !Q;J“J'!‘!!,l ;!:‘= k | o
T rNew & 5 ST ~ =m0 . » .":"—’ = ‘ . » Bana f ,.:.“' ; \ s ’ - ' = 2 e e D 3 \ L % PRI
[ N ~ '."L Y IO = N -~ . §‘ — “« e S i ™ S «-".4‘_ ) o : : ; | » ' r‘. ¥ ‘ . =
. =7 ' - { 8% '@ .- AT e R e 4 K0S 4 90 . iy 3 :
/""v"h:’ - grPnkin i 1% G il . "‘;ﬁ?:‘:?“h‘t. o 11 LS ATE b ] g = : ; ; B : ~ oy -
> - . ' 3 e i ey ,"::{' | ‘, > 4 - . 'f 4‘}4'!&'- a P o ; e
)3 : - Y p o T ; B e R o o e e ‘ 2
—p < A R0 L et By = - - 7> : oy Y8 A 2 vy’ e g SO e R SO o
- o o o U - * g f, - I3 < : ’ . 3 g » y - 7 A o . "*{L: .’é %93 X >3 zﬂ:é
¥ S L-a 7 7 R \ 5 t > —— i -
N BV [ | B i s

1 L

-l

A



23119 9
< App Store

< Google Lens

PERSPECTIVES - MODELS - APPF

400

BISPUBLISHERS

- J

Translate Text Homework Shoppin

AR
* Coit Tower Text selection Delft Design Guide: Design @© scarch

Strategies and Methods
: oy Book
Coit Tower | [ ‘ -
4.4 %Kk Kk3 2287 Reviews :

DELFT DELFT
DESIGN M logg iGN




14

',ﬂ'r
ALY
L h)

f

i

ik

Y ‘_u 3 ‘ H 1
‘l‘)bt’i‘.
it
gt

\
v 1

gl
LT
it
Siiear biiy
LRI TV 4 3

il

Vgt
Lilim

Fran s mheit
TR L
i!?giu-'!iiilh'lfv

A

1
i

\
il

==t AL

CN B i e
7 .w-!u.» w3y
& 89 VRT3V, - - - .

. -3
R S - s . B TR\
‘\ﬂA Ar e A -, | T e e a
i B e Rt AN
» P V( A e S S ed Y e - = T‘.ILI‘b
Zndmean. ¢ TS g L T v - 3
: T i = EE L =
ﬂu.t vt = - g FoeIO et
||||||
Sl o

, 7

A RT T T KT KT KR T B R -

I 777 7177175/} —

V7T 777171 7wl ]

7 (6 A [ [ it I G T B
177 7717 lal-}
=77 7777 ]5]"]
VI VL L R W VR T T\
A A VA VL o

AW V0 WL 0 W W 0

VB VA W O\ VR e
METmmTimme

MU RO WmET

~

~

-

. >
< (v

- -

-

e
%

/‘_"l' A8

A N



e ——

g . |
SR ! ! s
' d v ) =
3 A
' ) | f
—— e —f Ing>t—-f
- ‘ 2 N S :
’ '
.

g b

P [0af 0838 ‘ car 0847 i’)i &0
PELSC c%” 953’ . DerGlIJn D,

' J&R 4 | _personi.853

A oSS W N W (A e

he J
car 0.826'

|
973!

pérson 0. 799

Eﬁ?ﬁ,{moe}az

B |

l .

¥, grdoh 0 870
: 'pefgci)?n : 7

il
B

)
'S &

L

persgh 04865
.

cdl

LA Ve

Bl L

THEREAVOTENRNAL | |

— r—

- j Py o .
H““H:Hltlllllllllll' Bimnne

HIIIIIH'?IIIIIIIII:llllll INNIRIAR
IIIIHIIHIIIIIIIIIIII.!. 4

-1 ,.yvulnnulllllll

- ——

£
-

https://github.com/matterport/Mask_RCNN

56



Project Sunroof

Google Project Sunroof Savings estimator Data explorer Solar 101 FAQ

ncE I

22314 Cupertino Rd, Cupertino, CA 95014, USA

. &

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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mistv coast

, he AW
1. _..j-,@ﬂ_h_\,

greener forest path

sunny coast

: \\\\\\:‘\\_ S8 S SASSELRRRTR

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

¢ 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 1 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

a4

&

8.28s
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Stereolabs ZED Camera used in COALA

» 3D Object Detection
« Body tracking

« Positional tracking

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

https://www.stereolabs.com/d
ocs/body-tracking/
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Eulerean Video Magnification

(a) Input e

(b) Magnified me (¢) Spatiotemporal Y7 slices

« Measure heart rate by magnifying and
measuring the subtle changes in skin
colour owed to blood vessels

«  Nttps://people.csail.mit.edu/mrub/vidm
ag/

Wu, H. Y., Rubinstein, M., Shih, E., Guttag, J., Durand, F., & Freeman, W.
(2012). Eulerian video magnification for revealing subtle changes in the world.

ACM transactions on graphics (TOG), 31(4), 1-8.



https://people.csail.mit.edu/mrub/vidmag/
https://people.csail.mit.edu/mrub/vidmag/

& @& google.com/imghp?hl=en X ¢

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-
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looking items
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Advanced Machine
L earning For DeS|gn

Lecture 4 - M h e Lea
fImgP g(prt1)

Module 2


mailto:aml4d-ide@tudelft.nl
http://www.ml4design.com

Sources

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

« Grokking Machine Learning. Luis G. Serrano. Manning, 2021
« What is back propagation really doing?”

—YouTube walk-through
=« Gradient descent, how neural networks learn”

—YouTube walk-through Neural Networks
« “Neural networks and back-propagation explained in a simple way’ from Scratch
— Article on medium.com n Python

« The MNIST DATABASE” of handwritten digits
« ‘Neural Networks from Scratch”

—YouTube tutorial
« Neural Networks from Scratch in Python”

—New book/e-book
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http://16385.courses.cs.cmu.edu/spring2022/
https://www.youtube.com/watch?v=Ilg3gGewQ5U
https://www.youtube.com/watch?v=IHZwWFHWa-w
https://medium.com/datathings/neural-networks-and-backpropagation-explained-in-a-simple-way-f540a3611f5e
http://yann.lecun.com/exdb/mnist/
https://www.youtube.com/watch?v=Wo5dMEP_BbI
https://nnfs.io/

