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WHAT IS THE OBJECTIVE ?

Regression

• Quantitative 
y values

• Prediction

Classification

• Quantitative 
y valyes

• Separation
into several
classes

Clustering

• Creation of 
sub-groups 
within the 
same 
dataset



INTRODUCTION

• ARTIFICIAL NEURAL NETWORK (ANN)

• BASIC OF DEEP LEARNING

• MCCULLOCH-PITTS (1943) REPRESENT THE NEURON AS A BINARY 

TOOL

• GREAT INTEREST IN THE 80’S AND 90’S

• MIMIC THE STRUCTURE OF BRAIN COMPOSED OF NEURONS AND 

SYNAPSES



MULTILAYER PERCEPTRON (MLP)

• UNITS/NODES/NEURONS

• FULLY CONNECTED OR NOT

• ONE OR MORE HIDDEN LAYERS
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ACTIVATION FUNCTIONS

DIFFERENT FUNCTIONS

THE SOFTMAX FUNCTION IS RELATED TO THE SIGMOID FUNCTION. IF YOU HAVE 4 CLASSES, THE
SOFTMAX FUNCTION WILL CALCULATE A PROBABILITY FOR EACH CLASS AND THE SUM OF THEM WILL BE
EQUAL TO 1.



GRADIENT DESCENT
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LOSS/COST FUNCTION FOR REGRESSION
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LOSS/COST FUNCTION FOR CLASSIFICATION

𝐻 𝑝, 𝑞 = − ෍
𝑥
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Cross-entropy



CROSS-ENTROPY

Epochs = iteration

What is your conclusion ? 



OPTIMIZER

• ORDINARY/BATCH GRADIENT DESCENT

• SEEN IN THE LAST COURSE

• ALL RECORDS

• STOCHASTIC GRADIENT DESCENT

• RANDOM SELECTED RECORD

• MINI-BATCH GRADIENT DESCENT

• BATCH OF USUALLY 32 RECORDS

Do not reach the optimal value but are close
Others exist … (adam…)



MULTILAYER PERCEPTRON 

• HIGHER NEURONS ➔ ↑ COMPLEXITY

• HIGHER HIDDEN LAYERS ➔ ↑ COMPLEXITY

• ≠ RESULTS IF OTHER ACTIVATION FUNCTION

• ≠ RESULTS IF OTHER OPTIMIZER (MORE OR LESS IMPACTED BY LOCAL MINIMA)

• ≠ RESULTS IF OTHER LOSS FUNCTION

• ≠ RESULTS IF THE LEARNING RATE IS DIFFERENT

• YOU CAN ALSO ADD A REGULARISATION (L2 OR L1 NORM)

Take care to the overfitting



epochs

Good learning rate

Too low learning rate

High learning rate

Too high learning rate

https://jonathan-

hui.medium.com/visualize-deep-

network-models-and-metrics-part-4-

9500fe06e3d0



HYPERPARAMETERS OPTIMIZATION



WIDE & DEEP NEURAL NETWORK



CONVOLUTIONAL NEURAL NETWORK (CANN)

DAVID H. HUBEL AND TORSTEN WIESEL IN THE 50’S

OBSERVED THAT SEVERAL NEURONS IN THE VISUAL

CORTEX OF CATS IN THE BRAIN FOCUS ON A

RESTRICTED REGION OF THE VISUAL FIELD AND

INTERACT ONLY IF A VISUAL STIMULI OCCURRED IN

THIS REGION. 

➔No interest to link all neurons

➔ Local receptive field (LRF)



LOCAL RECEPTIVE FIELD (LRF)



PADDING AND STRIDE



FILTER



FEATURE MAPS
stride

padding

filters

Where are the weights ?
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Not all neurons are 

connected



2D AND 3D CANN ➔ FEATURE MAPS



POOLING LAYER

• DECREASE THE DIMENSIONALITY OF THE LAYER

BY SUB-SETTING THE IMAGE

• 2*2 IS PREFERRED

• MAX OR MEAN IS USED



CANN



CURRENT CONCLUSIONS FOR 

DAIRY FARMING



THE COMPLEXITY OF MODELS CHANGES
• Structure

• Number of parameters

Models already tested in milk spectroscopic analysis

Ordinary 
multivariate 
regression

Principal 
Component 
regression

Partial Least 
Squares 
Regression

Penalized linear 
Regression (Ridge, 
Lasso, Elastic)

Random 
Forest

Neural Network 
– Multilayer 
perceptron

Convolutional 
neural network

Support vector 
machine

Linear until non-linear relationships

Higher computational resources



Soyeurt et al., JDS 2020

Small differences !

Example : Lactoferrin

Mean : 260 mg/L
|Difference| PLS vs ANN : 1.59 mg/L ➔ 0.61%

|Difference| PLS vs LSVM : 11.16 mg/L ➔ 4.29%

|Difference| PLS vs PSVM : 2.99 mg/L ➔  1.15%

|Difference| ANN vs LSVM : 12.75 mg/L ➔ 4.90%

|Difference| ANN vs PSVM : 4.58 mg/L ➔ 1.76%

|Difference| PSVM vs LSVM : 8.17 mg/L➔ 3.14%



Example : Methane

Mean : +/- 400g/jour
|Difference| PLS vs NN : 3g/day ➔ 0.75%

90.3775

86.9575

82

84

86

88

90

92

94

96

A
v
e

ra
g

e
 R

M
S
E
 (

g
/d

a
y
)



Example : Methane

Also low differences



More nuanced in classification



More nuanced in classification



The variability is bigger within the same model using 

different sets of features

➔ Not only focus on the model type



CONCLUSIONS

• A lot of hyperparameters to tune

• Infinite possibility of cANN and MLP structure

• Take care to the reproducibility of the model

• Limited interest for regression but high interest for 

classification and image processing

• However, transfer learning can solve problems of 

data sharing or allows to deal with large 

database



PYTHON SCRIPT EXAMPLE



https://www.kaggle.com/datasets/moltean/fruits
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