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Recap on 
ML/AI….
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(prediction)

More in Module 2



A bit more on 
regression and 
classification
And your 2nd contact with (deep) neural networks
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Linear Regression /1

Size

Cost
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Linear Regression /2

Size

Cost

?
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Linear Regression

Size

Cost Cost = b + w*SizeDependent Variable Independent Variable

Slope (parameter, or weight)Intercept (parameter, or bias)

?
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Cost = w*Size
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Error1:

Fit1:
w = 0.05predicted value - actual value

Cost = w*Size
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Error1:
Error2:

Fit2:

w = 0.2

𝐸𝑟𝑟𝑜𝑟 =
1
𝑛
∑
!"#

$
(𝑃𝑟𝑒𝑑𝑖𝑐𝑡𝑖𝑜𝑛! − 𝑉𝑎𝑙𝑢𝑒!)%

For n Data Point

Current data point

Cost = w*Size

Mean Squared Error (MSE)
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Error1:
Error2: Fit1 is a better fit on the training data than Fit2

w = 0.05We select 

Fit1:
w = 0.05

Cost = w*Size
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Finding the best parameter values (training the model)
Gradient descent

Parameter w

Er
ro

r
Er

ro
r

Error Size 

Er
ro

r
Co

st
 

Learning Rate: “speed” of descent  

Error

derivative at w

Epochs: max number of steps  

Hyperparameters
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Polynomial Regression
Cost = b + w1 Size + w2 Size2 + …. + wn SizenNth degree polynomial
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Classification
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Classification
Math
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?
Physics: 7
Math: 6
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Classification
Math
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Logistic Regression
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Error: 2
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Error: 2
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Error: 1
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Error: 0



23

Physics

Math

2

1

3

4

5

6

7

8

9

10

1 2 3 4 5 6 7 8 9 10



24

Test
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Neural Network
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Neural Network
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Perceptron
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Perceptron
Cost = b + w*Size

Remember our linear regression function? 
It can be represented with a perceptron 
having a single input and a bias
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Perceptron
Cost = a + w*Size

Remember our linear regression function? 
It can be represented with a perceptron 
having a single input and a bias

Output

Input (weighted 
sum of values)

Input (weighted 
sum of values)

1 if y is > 0
0 if y is <= 0

Output

𝜎(𝑖𝑛𝑝𝑢𝑡) =
1

1 + 𝑒!"#$%&
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Neural Network
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Neural Network

Physics Grade
Classifier

Math Grade
Classifier

Admission
Classifier
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Neural Network

Mat
h

Test

b

Mat
h

Test

b

Physics Grade
Perceptron

Math Grade
Perceptron

b

C

M

Admission
Perceptron

w1

w2

w3

w4

w5
w6

w7

w8

w9

0/1

0/1

0/1

Math

Phys.

Phys.

Math



Neural Network

Mat
h

Test

b1

b2

w1

w2

w3

w4
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w7

w8
w9
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0/1

With Step 

Math Phys.

Phys.



Neural Network

Mat
h

Test

b1

b2

w1

w2

w3

w4

w5

w6

w7

w8
w9
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[0,1]

With Sigmoid 

Math

Phys.



Fully Conected Neural Network
Depth

Hyperparameters
Learning rate
Number of epochs
Architecture

# layers, #nodes, activation functions
Batch vs. mini-batch vs. stochastic 
gradient descent 
Regularization parameters: 
Dropout probability p

Layer Size

Advanced à next lecture
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Classifying into multiple classes - softmax function
Return a probability for each class

Imagine example C1= ADMITTED, C2 = NOT ADMITTED, C3 = TAKE TEST
p(C1) = 0.37, p(C2) = 0,21, p(C3) = 0,42

We use the Softmax activation function for the output layer

Mat
h

Test

SM

Softmax(𝑥!) =
𝑒(#&)

∑%& 𝑒
(#')

p(C1)

p(C2)
Value of class i

Normalisation 
term on K 
classes

p(C3)

[0,1]

[0,1]

[0,1]SM

SM

Softmax Layer

Math

Phys.
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https://playground.tensorflow.org/



Machine 
Learning and 
Images
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What do you see?
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167 153 174 168 150 152 151 172 161 155 156 187

155 182 163 74 75 62 33 17 110 210 180 154

180 180 50 14 34 6 10 33 48 106 150 181

206 109 5 124 131 111 120 204 166 16 56 180

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

188 88 179 209 186 216 211 150 139 75 20 168

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

199 168 191 193 158 227 178 143 182 106 36 196

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

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

190 214 173 66 109 143 96 50 2 109 249 210

187 196 236 75 1 81 47 0 6 217 255 211

167 153 174 168 150 152 151 172 161 155 156 187

155 182 163 74 75 62 33 17 110 210 180 154

180 180 50 14 34 6 10 33 48 106 150 181

206 109 5 124 131 111 120 204 166 16 56 180

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

188 88 179 209 186 216 211 150 139 75 20 168

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

199 168 191 193 158 227 178 143 182 106 36 196

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

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

190 214 173 66 109 143 96 50 2 109 249 210

187 196 236 75 1 81 47 0 6 217 255 211
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155 182 163 74 75 62 33 17 110 210 180 154

180 180 50 14 34 6 10 33 48 106 150 181
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172 105 207 233 233 214 220 230 220 90 74 206
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155 182 163 74 75 62 33 17 110 210 180 154
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172 105 207 233 233 214 220 230 220 90 74 206

188 88 179 209 186 216 211 150 139 75 20 168

189 97 165 84 10 168 134 11 31 62 22 148
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205 174 155 252 236 187 86 150 79 38 218 241
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190 214 173 66 109 143 96 50 2 109 249 210

187 196 236 75 1 81 47 0 6 217 255 211
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190 214 173 66 109 143 96 50 2 109 249 210

187 196 236 75 1 81 47 0 6 217 255 211
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172 105 207 233 233 214 220 230 220 90 74 206
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172 105 207 233 233 214 220 230 220 90 74 206
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This is what a computer “sees”

167 153 174 168 150 152 151 172 161 155 156 187

155 182 163 74 75 62 33 17 110 210 180 154

180 180 50 14 34 6 10 33 48 106 150 181

206 109 5 124 131 111 120 204 166 16 56 180

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

188 88 179 209 186 216 211 150 139 75 20 168

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

199 168 191 193 158 227 178 143 182 106 36 196

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

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

190 214 173 66 109 143 96 50 2 109 249 210

187 196 236 75 1 81 47 0 6 217 255 211
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Images 

n

m

Each pixel in an image is a feature

Dimensionality
n x m

Feature (pixel) values are numerical
0 or 1 for Black and White
Between 0 and 255 for greyscale
16M values for RGB

167 153 174 168 150 152 151 172 161 155 156 187

155 182 163 74 75 62 33 17 110 210 180 154

180 180 50 14 34 6 10 33 48 106 150 181

206 109 5 124 131 111 120 204 166 16 56 180

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

188 88 179 209 186 216 211 150 139 75 20 168

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

199 168 191 193 158 227 178 143 182 106 36 196

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

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

190 214 173 66 109 143 96 50 2 109 249 210

187 196 236 75 1 81 47 0 6 217 255 211
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Computer Vision
Building algorithms that can “understand” the 
content of images and use it for other 
applications 
It is a “Strong AI” problem

signal-to-symbol conversion
The 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?
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Is this a flag?
(Recognition / Classification)
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Where are the people?
(Recognition/Classification)
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Is this Jeff?
(Identification)
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Is this the Wollman Rink?
(Identification)
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Trees

Buildings

Sky

What is in the scene?
(Semantic Segmentation)
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https://github.com/matterport/Mask_RCNN
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Project Sunroof

https://www.google.com/get/sunroof
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What type of scene is it?
(Scene Categorisation)

Outdoor, City, Park
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What are these people doing?
(Activity / event recognition)

Skating
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How are people moving?
(Pose estimation)
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Ethical task tracking of operators in agile 
manufacturing

http://resolver.tudelft.nl/uuid:3408e8c3-809b-436d-
94eb-efb4f0532b17 
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Stereolabs ZED Camera used in COALA
3D Object Detection
Body tracking
Positional tracking

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

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



Eulerean Video Magnification

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

https://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/
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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 and back-propagation explained in a simple way”

—Article on medium.com
“The MNIST DATABASE” of handwritten digits
“Neural Networks from Scratch”

—YouTube tutorial
“Neural Networks from Scratch in Python”

—New book/e-book

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/

