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Objective of the study

Investigate the habitability potential of exoplanets using machine learning algorithms, supported by the Earth

Similarity Index (ESI) and the analysis of key physical variables such as radius, mass and distance to their star.
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Apply machine learning models in Weka

Algorithms such as Random Forest, SVM,
Multilayer Perceptron and KNN were
trained to classify exoplanets according

to their similarity to Earth.
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Relative Sizes of Earth-Like Exoplanets
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Evaluate physical and orbital patterns

Analyse characteristics such as mass,

radius, orbital distance and

temperature to determine  their

similarity to Earth.

Habitable Planets according to ESI
Earth Similarity Index
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Exoplanets

Visualising comparisons with Earth

Use interactive graphs to represent Earth
similarity (ESI), showing which planets

stand out as potentially habitable.



The ESI is a mathematical index that assesses how similar an exoplanet is to Earth based on key physical

Its value ranges from 0 (no similarity) to 1 (identical to Earth).
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Data Format
The original data were in CSV format.

They were converted to ARFF format for processing by WEKA.

Software used
- WEKA - For applying machine learning algorithms.

- Microsoft Excel - For cleaning, conversion and pre-processing.

e Flourish Studio - For the creation of interactive visualisations.

Normalisation and data processing
- Variable scaling - Magnitudes (mass, radius, temperoture)
were adjusted to comparable ranges.
« Elimination of null or incomplete values: records with

missing information were cleaned to avoid bias.




Algorithm Algorithm Error(%)

JESSI (Java Earth Similarity Index)  1,15%

Multilayer Perceptron (MLF

Additive Regression (RF) 2,41%
Random Forest MLP (tuned) 2.91%
MLP (untuned) 2,56%
Random Forest 3,21%
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Comparison of algorithm precisic

Comparison of algorithm precision
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planet {[@link Double
<« Double

private Double esiFormula(Double[] planet){
The MOdeI Double[] earth = modelDTO0.getEarth():

int n = earth.length;

Double[] weights = modelDTO.getWeights():
jouble result =

A tooned Stocastic Gradient Descend algorithm made for adjust the weights of the

model.

int i =8; i <n; i++) {
ble parameter_similarity = 1.8 - Math.abs((planet[i] - earth[i]) / (planet[i] + earth[i])):
ouble weighted_similarity = Math.pow(parameter_similarity, (weights[i] / n) ):

result *= weighted_similarity;

r

1 result;
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Quadratic error: 0.811739528137779078 (::) :



Distance of exoplanets

Exoplanets Ordered by Distance from Earth

Results and analysis
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Results and analysis

Habitable Planets according to ESI
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Results and analysis Similarity to Earth

Planetary similarity based on physical properties
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Relative Sizes of Earth-Like Exoplanets
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Results and analysis Comparisonofs

®

q 690T JIoM.9,
q 806 5504.4,

q 2EE-2A4.

q eypsanday.q,
B 2U-TAS.

2 962-seday g,
P T901 M4,

9 10c0% QHA.

2 Z00T M9,

P 08T .9,

2 geT-sepday q,
q 62ZT-4eday g,
1 98T-401de) g,
q 269T-s21dayq,
q gE9T-veydaN g,
QQrINHA,
21901 9.4,

1 T-1S1ddvH L4,
2£91M0A.
qELZ oA,

¥ 622 M,

q (6221019,

q 82155049,

q Zep-redanq,
q Opp-sayday q,
P p1sedaxg,
P E-21.9.

q ua) rwixid q,
q Zz-seden g,
Q9 e8z-21.9,
22994,
q6TL10L4,
j29-@dayq,
q$15 .4,

2 z9ueday q,

q T0LT-s2day q,
® T-15iddVHL1.9,
312199 M94,

29 (994,

q $6S8E dIH.G,
q289 9.4,

2 190T SIom.9.

q 2001 .9,

P T-1SiddV¥ LA,
q 8T-2X.4.

2 ggz-sedang,
1-151ddvHL.a.
196Z2adayq,
2 0269TZ QH.A.
q £G9T-2e1day q,
q 909T-Je)day q,
q OpST-s21dey q,
q OTyT-sedan g,
q $pST-491dey q,
P (9€ M.
q6-2149,

2 699T-22dey q,
q 26y-sedayq,
q goL~mdeng,
3 reag s-uspsedes) g,
qJeg s-uapiedaa) q,
q OPTISHG,

2 6-068 418,
PEEY MG
2081 M4,

P £62E M9,

P (SE MO,

P 00L-10L.9.

2 0041019,

2 $06-101.9.

Exoplanets

<
%)
Q
=
>-
()




Table coloured by ESI
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¥ Top 5 Most Habitable Exoplanets (according to ESI)

From most to least habitable, according to the Earth Similarity Index (ESI):

Teegarden's Star b

TOI-700d

Kepler-1649 c

TOI-700 e

TRAPPIST-1d
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NASA Exoplanet Archive - Firefly Atmospheres Tool
California Institute of Technology
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Interactive visualisations (own) - Flourish Studio:

https://public.flourish.studio/visualisation/22906716/
https://public.flourish.studio/visualisation/23650421/
https://public.flourish.studio/visualisation/23649552/
https://public.flourish.studio/visualisation/22889683/
https://public.flourish.studio/visualisation/23650547/
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