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CV express

Al engineering consultant at Ekinox
PNhD in Astrophysics
Certified trainer

Some of the projects done using Al and classical methods

Galaxy image reconstruction

Increasing interpretability in autonomous driving

Drone geolocalisation using Computer Vision

Radio source reconstruction



Why Al

Artificial Intelligence (Al

. Image classification 'ﬁ@‘

AlexNet wins the 2012 ImageNet challenge

Un kebalb,

s'il vous plait Salade, tomate,
oignon, chef?

- Autonomous driving
Al is the only hope of reaching full autonomy

- Voice recognition
Al enabled to mature this technology out of a restrictif use

- How about astrophysics?
Al made the search for strong lensing effects tractable
with Deeplens [Lanusse et al, 2017/]


https://www.flickr.com/photos/tudorica/8693661908

Outline

1. Whatis Al?
2. When to use Al7?

3. 1'd like to use Al where do | start?
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Definition

Artificial Intelligence is a process imitating human intelligence

. |s asearch engine from the 2000s an artificial intelligence?
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Yahoo! Auctions - Bid. buy, or sell anything!

Categories Items

- Antiques - Electronics - Golf

- Autos - Tickets - Hello Kitty
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- Computers -Tovs & Games - Sailor Moon

Features

- Closed auctions
- Chanty auctions
- PavDirect

- My Auctions
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Source: 15 Years of yahoo.com


https://www.flickr.com/photos/yodelanecdotal/3740159059

Al categories
Artificial Intelligence

Machine Learning
Neural networks

Expert SVM

Linear regression Diffusion models
System

LLM (ChatGPT)
Decision trees

‘ ‘l. 4 ‘7 ;/

Dendral
KNN GNN

Personality
tests

K-means

Gaussian mixtures




~Xpert system

. FranceTerme definition:

‘A set of software programs that uses explicit and organized knowledge in a particular field
and can replace a human expert.”

- First form of Al, example: DENDRAL, in 1965, tor organic chemistry

- |deal for modelling closed systems with available expertise



Machine Learning

. FranceTerme definition:

“The process by which an algorithm evaluates and improves its performance without the
intervention of a programmer, by repeating its execution on data sets until it regularly

obtains relevant results”

5

- Categories according to data availability
Supervised learning Unsupervised learning Reinforcement learning

--..




QU177

What Is the most appropriate type of machine learning

- Complete a catalog associating astronomical images with the type of objects they contain?
- Create adapted categories to newly observed type of objects?

- To optimise a network of radio telescopes?

INT:
Available data and answers > SUpervised learning
Available data only ~ unsupervised learning
Unavailable data - reinforcement learning




Jeep Learning
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Artificia

A few definitions
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“A highly autonomous system that outperforms humans at most economically valuable work.”
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Al vs Classical Methods

- Choose a polynomial regressor - Assume a linear model
- Try different orders - Determine parameters

- Choose the most adapted order




Vs Classical Methods

Criteria

Classical Methods

Artificial Intelligence

Paradigm

Model based solution

Data driven solution

Bias estimation

Gap with the model

Statistical validation with data

Domain specific expertise

Highly required

Optional

Data availability

Unnecessary

The more the better
or access to simulator

Maintainability

Higher chances of expert
Intervention

Mostly automatic




3ad practices

. Black box approach

- Onering to rule them all (ignoring “No Free Lunch” theorem)

. Starting with the model instead of the data

- Optimise a part before building the whole

- Reinventing the wheel (and not be lazy!)

. Starting directly with an Al solution
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Why are long general introduction courses to Al a waste of time 7

- The Al field is growing faster and faster,

“You don't need to learn calculus to do basic accounting tasks.”
- Often there is no specific objective in this type of training
- Application examples are often simplistic

Recommandation: see how Al is used in your field (or a related field) and start by taking on o
project



[N the boots of data scientists, TASKA use case

Characterization of the proplem EXTRAHNCT
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- Objective: develop a radio imager capable of reconstructing transient sources with high fidelity

Noise >

t=32 "
L F !

. Classical methods are not satisfactory R ' 450 W5 Ip

t=33

%, sCassey: solution under development

Cassey

t=34 §
. ; i

- Takes into account the temporal structure

- Adapted to multiband data =35

- Sensitive to transient regime =

- Part of a pipeline with a realistic simulator — A ¥

model o =0.0 og=0.5 o=1.0 o=1.5 [Chihce et al, 2021]




Step O: Understanding the data

Images of radio sources

- Images obtained by radio imaging after calibration are noisy and blurred.

- The blur operator (PSF) is fully known

> First observation: This is an inverse deconvolution problem with a known kernel
. |t isimpossible to have images without noise and blur

- We have a perfect knowledge of the image formation process

- Second observation: it is wise to consider using a simulator
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List and classily resources according to their ease of integration

- Get a rough idea of the available computing resources to better target the options.

[LIST OF ACCESSIBLE COMPUTING AND STORAGE CENTERS]

- [imager] Considered solutions:

d [FIRST CONSIDERED DEEP LEARNING SOLUTION]

d [SECOND CONSIDERED DEEP LEARNING SOLUTION]

. [simulator] Considered solutions:

d [FIRST CONSIDERED SIMULATION SOLUTION]

4 |[SECOND CONSIDERED SIMULATION SOLUTION]

- AFTER choosing the methods to implement, understand how these affect the data



Step 2: Estaplish a baseline

Aka Proof of Concept (PoC)

. Allows to have a preliminary validation of the hypothesis

. Allows to define metrics and set up visualisations (figures, curves,...)

- Allows to better decouple the scientific effort from the technical effort
. Allows to check that all the components are here and aligned

. Allows avoid major errors



Step 2: Estaplish a baseline

Aka Proof of Concept (PoC)

Reconstruction results with noise std = 43.64

Dirty galaxy Reconstruction

# Create dirty image and dirty beam
dirty_image, dirty_beam = create_dirty_image_and_beam(uvw, visibilities, GRID_SIZE)

GAIN = 0.1

THRESHOLD = 1le-3

ITERATIONS = 500

0 20 40 60 80 # Perform CLEAN deconvolution

clean_image, residual_image = clean_deconvolution(dirty_image, dirty_beam, ITERATIONS, GAIN, THRESHOLD)

PSF True galaxy

# Plot the results
plot_images(dirty_image, clean_image, dirty_beam, residual_image)




otep 3: Continuous Improvement

Untll reaching a satistying or conclusive result

1. Choose the most important part to improve
2. Apply steps O, 1and 2

3. Repeat

IS on best practices:
- “Clean code” for a maintainable and flexible code
- Use Git for versionning for better collaborations and code traceability

- Agile/Scrum mindset for quick and safe advancement in a heterogeneous team
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