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APRESENTACAO

A Engenharia de Computagédo tem como definicdo ser o ramo da engenharia que
se caracteriza pelo projeto, desenvolvimento e implementagéo de sistemas, equipamentos
e dispositivos computacionais, segundo uma visdo integrada de hardware e software,
apoiando-se em uma sélida base matematica e conhecimentos de fendmenos fisicos.
O objetivo é a aplicagdo das tecnologias de computagdo na solugdo de problemas de
Engenharia.

Deste modo, este livro, aborda diversos aspectos tecnol6gicos computacionais, tais
como: o desenvolvimento de um jogo de RPG acessivel em LIBRAS; uma reflexdo quanto
a necessidade de aplicacao de supressores de surto como protecdo de transformadores
devido a eventos transitorios em manobras de disjuntores; um algoritmo para geragcéao de
contorno 2D envolvendo regides irregulares; avaliagdo da influéncia das tensdes residuais
e imperfeicbes geométricas iniciais em colunas de ago submetidas a flexdo em torno do
eixo de menor inércia; os esforgcos em estruturas laminares, de caracteristicas de geometria
e carregamentos diversos através da implementagdo computacional de um elemento finito
soélido hexaédrico de 8 nés programado com uma linguagem computacional de alto nivel;
uma analise computacional realizada através do programa SAP2000; a estabilidade e as
vibragbes de anéis e tubulagdes apoiados em uma fundagéo elastica de Pasternak; um
controlador neural para dois elos de um robé manipulador de trés graus de liberdade (3
GDL); uma ferramenta de autoria para livros relacionados a area da educagédo; um aplicativo
com propoésito de aumentar a taxa de reciclagem e minimizar os danos ambientais devido ao
descarte incorreto de residuos na natureza; a conscientizacéo de criancas e adolescentes
sobre as ocorréncias de bullying; uma aplicagéo web interativa, de facil utilizagao e interface
amigavel, por meio do pacote Shiny, destinada aos topicos de intervalo de confianga e
dimensionamento de amostra para o parametro proporcao; segmentar e detectar, por meio
de redes neurais convolutivas, as pas dos raspadores de escoria em panelas de ferro gusa
do Reator Kambara de uma siderdrgica; integrar a Biblioteca Digital de Artigos (IFPublica)
e a Plataforma de Digital de Inscricdo e Administracéo de Projetos (PDIAP), por meio de
adaptacdes nos dois projetos, para impedir erros humanos e automatizar o processo de
cadastro de artigos do PDIAP na base de dados do IFPublica.

Assim, espero que a presente obra venha a se tornar um guia aos estudantes e
profissionais da area de Engenharia de Computacéo, auxiliando-os em diversos assuntos
relevantes da area, fornecendo a estes novos conhecimentos para poderem atender as
necessidades informacionais, computacionais e de automagéo das organiza¢des de uma
forma geral. Por fim, agradeco aos autores por suas contribuicdes na construcéo desta
importante obra e desejo muito sucesso a todos os nossos leitores.

Ernane Rosa Martins



SUMARIO

(071 =11 1 1] N0 X5 [T 1

A ELASTO-PLASTIC CONSTITUTIVE MODEL BASED ON CHABOCHE KINEMATIC
HARDENING OF ALUMINUM ALLOY 7050-T7451

Renzo Fernandes Bastos

Daniel Masarin

Ernesto Massaroppi Junior

d.) https://doi.org/10.22533/at.ed.8702118081

(071 =11 1 1] N0 X5 20 1

ACANNO: UM JOGO DE RPG COM UMA PROPOSTA DE ACESSIBILIDADE USANDO
LIBRAS

Gabriel Barroso da Silva Lima

Marcos Roberto dos Santos

Almir de Oliveira Costa Junior

Jucimar Maia da Silva Junior

d_} https://doi.org/10.22533/at.ed.8702118082

(071 =11 1 1] N0 X< J0UNu T 23

A IMPORTANCIA ATUAL DE ESTUDOS DE TRANSITORIOS ELETROMAGNETICOS
PARA DEFINICAO DE SISTEMAS DE ~PROTEQAO DE TRANSFORMADﬂORES
CONTRA SOBRETENSOES E AS APLICACOES RECENTES COM A INSTALACAO DE
SUPRESSORES DE SURTO

Nelson Clodoaldo de Jesus

Joao Roberto Cogo

Luiz Marlus Duarte

Luis Fernando Ribeiro Ferreira

Everson Junior de Mendonca

Leandro Martins Fernandes

d.) https://doi.org/10.22533/at.ed.8702118083

CAPITULO Q.eeeeereereseeeeeeseessesssasasasasasasesesnesessssssssasasasasasessssssesssasasasssasasssasasssnns 38

AITGORITMO PARA GERACAO DE CONTORNO DE MALHAS RETANGULARES PARA
CALCULO DE DIFERENCAS FINITAS

Pedro Zaffalon da Silva

Neyva Maria Lopes Romeiro

Rafael Furlanetto Casamaximo

lury Pereira de Souza

Paulo Laerte Natti

Eliandro Rodrigues Cirilo

d.) https://doi.org/10.22533/at.ed.8702118084

(07,1 =11 1 1] W0 X J0 53

ANALISE DA RESISTENCIA DE PILARES DE ACO SOB A INFLUENCIA DE TENSOES
RESIDUAIS E IMPERFEICOES GEOMETRICAS INICIAIS
Jefferson Alves Ferreira



Giovani Vitério Costa
Harley Francisco Viana
Renata Gomes Lanna da Silva

d.) https://doi.org/10.22533/at.ed.8702118085

CAPITULO B...oeeeeeeeeeeeesesesasessssssseesnsssasasassssssssssnsnsasassssssssssssnsasasassssassnssensasassssnns 70

ANALISE DE ESTRUTURAS LAMINARES UTILIZANDO UM ELEMENTO SOLIDO DE
BAIXA ORDEM ENRIQUECIDO COM MODOS INCOMPATIVEIS

Erijohnson da Silva Ferreira

William Taylor Matias Silva

Sebastido Simao da Silva

Adenilda Timoteo Salviano

José Lucas Pessoa de Oliveira

d.) https://doi.org/10.22533/at.ed.8702118086

[07.Y =11 1 1] N0 Y 200U 84

ANALISE ESTRUTURAL DO EDIFICIO SEDE DA PROCURADORIA GERAL DA
REPUBLICA: O ESTUDO DE CASO DO BLOCO “A”

Stefano Galimi

Marcio Augusto Roma Buzar

Marco Aurélio Bessa

Leonardo da Silveira Pirillo Inojosa

d.) https://doi.org/10.22533/at.ed.8702118087

CAPITULO 8.....coeeeeeeeeeeeesseseseesessessssssassssssssesensnsasassssssssensnsasasssssssensssnsasassssssesssnns 103

ANALISE ESTRUTURAL DO EDIFICIO SEDE DA PROCURADORIA GERAL DA
REPUBLICA: O ESTUDO DE CASO DO BLOCO “B”

Stefano Galimi

Marcio Augusto Roma Buzar

Marco Aurélio Bessa

Marcos Henrique Ritter de Gregorio

d.) https://doi.org/10.22533/at.ed.8702118088

(07 =11 1 1] W0 XX JUu oo 119

APPLICATION OF A MULTIOBJETIVE OPTIMIZATION PARETO APPROACH TO DESIGN
THE SDRE CONTROLLER FOR A RIGID-FLEXIBLE SATELLITE
Luiz Carlos Gadelha de Souza

d.) https://doi.org/10.22533/at.ed.8702118089

CAPITULO T0..ueeeieeeseeeeeeeeeeeeeessssssasasasessssesssssssssssasssesasesessssessssssasasssasessssssssesesses 131

APPLICATION OF DEEP LEARNING FOR ANALYSIS OF CRACKS IN PELLET FALLING
TESTS

Marconi Junio Henriques Magnani

Jorge José Fernandes Filho

Thyago Rosa Souza

Marco Antonio de Souza Leite Cuadros

d.) https://doi.org/10.22533/at.ed.87021180810




(07 =11 1] W0 15 & IO 143

FLAMBAGEM E VIBRAGAO DE ANEIS E TUBULAGOES ESBELTAS EM UMA FUNDACAO
ELASTICA

Mariana Barros dos Santos Dias

Paulo Batista Goncalves

d.) https://doi.org/10.22533/at.ed.87021180811

(07 =11 1 1] W0 15 -3 155

CALIDAD AGIL: PATRONES DE DISENO EN UN CONTEXTO DE DESARROLLO
DIRIGIDO POR PRUEBAS

Anna Griman Padua

Manuel Capel Tufién

Eladio Garvi

d. https://doi.org/10.22533/at.ed.87021180812

(07 =11 1 1] Mo J5 T TNUu T 168

CONTROLE NEURAL DE DOIS ELOS DE UM ROBO DE TRES GRAUS DE LIBERDADE
José Antonio Riul
Paulo Henrique de Miranda Montenegro

d.) https://doi.org/10.22533/at.ed.87021180813

(07 =11 1 1] W0 15 1 TN 181

SUBOPTIMAL CONTROL ON NONLINEAR SATELLITE SIMULATIONS USING SDRE
AND H-INFINITY

Alessandro Gerlinger Romero
Luiz Carlos Gadelha de Souza

d_) https://doi.org/10.22533/at.ed.87021180814

(07 =11 1 1] W0 X5 1 JH0u TR 193

CREATE REALITY IN BOOKS (CRINB) - PROPOSTA DE FERRAMENTA DE AUTORIA
DE LIVROS COM REALIZADADE AUMENTADA

Lucas Velho Gomes

Felipe Zunino

Gabriel Abreu Freire

Sidney Ferreira Coutinho

Rogeério Grijo Biazotto

Eduardo Henrique Gomes

Nelson Nascimento Junior

d.) https://doi.org/10.22533/at.ed.87021180815

CAPITULO 16..ueeececeeeeeeesseseseessssesssssasssssssssssensssasssssssssssessnsassssssssssnsssnsasassssssssssns 198

DESENVOLVIMENTO DE ATIVIDADES DE ORIENTACAO E CAPACITACAO EM
SISTEMAS DE COMPUTACAO - RECYCLING IS BETTER

Libero Passador Neto

Dimitre Moreira Ortt

d.) https://doi.org/10.22533/at.ed.87021180816



(07 =11 1 1] W0 J5 r 20T 206

DESENVOLVIMENTO DE UM JOGO DIGITAL (2D) PARA CONSCIENTIZACAO DE
CRIANCAS CONTRA O BULLYING

Rafael Guedes da Silva

Anderson Fabian Melo Nakanome

d. https://doi.org/10.22533/at.ed.87021180817

(07 =11 1 1] W0 J5 £ TN 215

DESENVOLVIMENTO DE UMA APLICACAO WEB PARA PROPORCAO E
DIMENSIONAMENTO DE AMOSTRA POR MEIO DO PACOTE SHINY

Pablo Fellipe de Souza Almeida

Cristina Henriques Nogueira

d_ https://doi.org/10.22533/at.ed.87021180818

(07 =11 1 1] W0 15 [ YHUu T 226

DESIGN PATTERNS FOR SOFTWARE EVOLUTION REQUIREMENTS
Anna Griman Padua
Manuel Capel Tufién
Eladio Garvi

d.) https://doi.org/10.22533/at.ed.87021180819

CAPITULO 20........ececeeeeeeeeseeeseeeeeseeessasasesssssesesensasassasssssssessnssassssssenenensassesssssasens 240

DETECTION AND SEGMENTATION OF PIG IRON SLAG SCRAPERS USING MASK
RCNN FOR WEAR CONTROL

Carlos Eduardo Oliveira Milanez

Marco Antonio de Souza Leite Cuadros

Gustavo Maia de Almeida

d_) https://doi.org/10.22533/at.ed.87021180820

CAPITULO 21..ceeeeeeeeeeeeeeeeeeeeeeeeeesasasesssesesesensasasasasssssssensnsasassssssenenensassasssssanenn 252

DIMENSIONAMENTO DE BLOCOS SOBRE ESTACAS METALICAS
Fernanda Calado Mendonca
Bernardo Horowitz

d.) https://doi.org/10.22533/at.ed.87021180821

CAPITULO 22.....eeeeeeeeeeeeeeeseseeeeeeesssssasssssssssesensasassssssssssssnsnsasasssssssensssnsasasssssseensns 268

ESTIMATION OF STELLAR PARAMETERS FOR J-PLUS SURVEY WITH MACHINE
LEARNING

Carlos Andres Galarza Arevalo

Simone Daflon

Vinicius Moris Placco

Carlos Allende-Prieto

d.) https://doi.org/10.22533/at.ed.87021180822

CAPITULO 23.....cecceceicecesssessssessssssssssssssesssassssssssasessasssessesssssessssssssesssassssasssasesans 279
ESTUDO ANALITICO E NUMERICO VIA METODO DOS ELEMENTOS FINITOS DA



RIGIDEZ DOS PILARES DE PONTES EM CONCRETO ARMADO
Savio Torres Melo
Rebeka Manuela Lobo Sousa
Pablo Juan Lopes e Silva Santos
Francisca Itaynara de Souza Araujo
Thiago Rodrigues Piauilino Ribeiro
Amanda Evelyn Barbosa de Aquino
Diogo Raniere Ramos e Silva
Tiago Monteiro de Carvalho
Carlos Henrique Leal Viana
Joédo Paulo dos Santos Silva
Madson Nogueira da Silva
llanna Castelo Branco Mesquita

d.) https://doi.org/10.22533/at.ed.87021180823

(07 =11 1 1] W0 X7 Voo 290

ESTUDO ANALITICO E NUMERICO VIA METODO DOS ELEMENTOS FINITOS DOS
EFEITOS DE SEGUNDA ORDEM EM PILARES DE PONTES EM CONCRETO ARMADO

Savio Torres Melo

Rebeka Manuela Lobo Sousa

Pablo Juan Lopes e Silva Santos

Francisca Itaynara de Souza Araujo

Thiago Rodrigues Piauilino Ribeiro

Amanda Evelyn Barbosa de Aquino

Diogo Raniere Ramos e Silva

Tiago Monteiro de Carvalho

Carlos Henrique Leal Viana

Joao Paulo dos Santos Silva

Madson Nogueira da Silva

llanna Castelo Branco Mesquita

d.) https://doi.org/10.22533/at.ed.87021180824

CAPITULO 25.....ceeerecereeeseseeeesesssesssesasssasesessssssssssssssssasssasasasessssssssssssssssasasssasasessensnns 311

ESTUDO DO MOVIMENTO DOS CORPOS MOEDORES NO PROCESSO DE MOAGEM
UTILIZANDO O METODO DOS ELEMENTOS DISCRETOS

Wiladmir José Gomes Floréncio

Neilor Cesar dos Santos

d.) https://doi.org/10.22533/at.ed.87021180825

CAPITULO 26.....ceeereeereeeeeseeeeseeeseessesasssasesesessssesssasassssssasasasessssesesesssassssasssasasessesenns 329

FLUID FLOW SUMMARIZATION USING DYNAMIC MULTI-VECTOR FEATURE SPACES
Renato José Policani Borseti
Leandro Tavares da Silva
Gilson Antonio Giraldi

d.) https://doi.org/10.22533/at.ed.87021180826




(07 =11 1 1] W0 Y.y 200 351

GESTAO DE PROCESSOS: ALINHAMENTO ESTRATEGICO ENTRE TI E NEGOCIO
COM BPMN

Aryel Evelin Vieira Garcia
Rodrigo Elias Francisco

d. https://doi.org/10.22533/at.ed.87021180827

(07 =11 1 1] Mo Y7 YU 359

IFINTEGRA - INTEGRADOR DA PLATAFORMA DE REGISTRO DE PROJETOS COM A
BIBLIOTECA DIGITAL DE ARTIGOS DE UM CAMPUS DO IFSUL

Mateus Roberto Algayer

Geovane Griesang

d.) https://doi.org/10.22533/at.ed.87021180828
SOBRE O ORGANIZADOR.......ccoeaeramrrsmrssmrssssessmssssmssssmssssmsssssssssssssmssssmssssmsssnnes 366
INDICE REMISSIVO......cooemrerenessessssssssssesssssssssssssssssssssssssssssssssssssssssssssssssssasseeas 367




CAPITULO 22

ESTIMATION OF STELLAR PARAMETERS FOR
J-PLUS SURVEY WITH MACHINE LEARNING

Data de aceite: 02/08/2021

Carlos Andres Galarza Arevalo

Observatorio Nacional-MCTI( ON)
Rio de Janeiro, Brazil

Simone Daflon

Observatorio Nacional-MCTI( ON)
Rio de Janeiro, Brazil

Vinicius Moris Placco

Department of Physics, University of Notre
Dame

Notre Dame, USA

JINA Center for the Evolution of the Elements
(JINA-CEE),USA

Carlos Allende-Prieto

Instituto de Astrofisica de Canarias

La Laguna, Tenerife, Spain

Universidad de La Laguna, Departamento de
Astrofisica

La Laguna, Tenerife, Spain

Anais do XIV Encontro Académico de Modelagem
Computacional. Laboratério Nacional de Computacao
Cientifica, 08 a 11 de Fevereiro de 2021.

ABSTRACT: The amount of data produced by
the current and future astronomic surveys will
require more efficient processing methods to
carry out scientific research that leads us to more
exciting discoveries. One particular example
is the identification of very low-metallicity stars
([Fe/H]<B.0) that can allow us to imposed
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constraints improving our current understanding
of the formation and chemical evolution ofour
Galaxy. To accomplish this goal, we present the
J-PLUS Stellar Parameters Estimation based on
Ensemble Methods (J-PLUS SPEEM) pipeline
that is capable of performing a variety of tasks
such as morphological and spectral classification
along with the estimation of the three main stellar
parameters (T, [Fe/H] and log g) with absolute
mean errors of 139.2K, 0.16 and 0.32 dex
respectively.

KEYWORDS: Machine learning, Astroinformatics,
Stellar parameters, Low-metallicity stars.

RESUMO: A quantidade de dados produzidos
pelas pesquisas astronémicas atuais e futuras
exigira métodos de processamento mais
eficientes para realizar pesquisas cientificas que
nos levem a descobertas mais interessantes. Um
exemplo particular é a identificagcdo de estrelas
de metalicidade muito baixa ([Fe/H] <-3,0) que
podem nos permitir impor restricdes, melhorando
nosso entendimento atual da formagéo e
evolugdo quimica de nossa Galéxia. Para
cumprir este objetivo, apresentamos o pipeline
J-PLUS Stellar Parameters Estimation baseado
em Ensemble Methods (J-PLUS SPEEM) que
€ capaz de realizar uma variedade de tarefas,
como classificacdo morfolégica e espectral,
juntamente com a estimativa dos trés principais
parametros estelares (Teff, [Fe/H] e logg) com
erros médios absolutos de 139,2 K, 0,16 e 0,32
dex, respectivamente.

PALAVRAS-CHAVE: Aprendizado de maquina,

astronomia, astrofisica, arvores aleatérios,
métodos de regresséo.
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11 INTRODUCTION

The main goal of any astronomical observation is to determine the physical properties
of observed objects to study their chemical composition, which provides reasonable
arguments regarding their formation and evolution processes.

Notably, in the case of stars, one can estimate its surface parameters such as effective
temperature T_; metallicity, usually expressed in terms of the iron-to-hydrogen ratio [Fe/H];
and surface gravity log g based on the light received from them and collected by a telescope
or satellite. The accomplishment of this goal requires at least two different approaches
that we can use in order to obtain data through observations: these are Photometry and
Spectrometry. The first offers the advantage of better signal-to-noise ratios and data
collection from multiple sources simultaneously in exchange for losing the ability to track
individual spectral features. On the other hand, spectrometry allows one to make a detailed
study of chemical abundances (high-resolution observations), with the disadvantage of
being extremely difficult to obtain spectra from many sources simultaneously (even using
multi-slit or multi-fiber spectrographs).

Before applying machine learning models to research in astronomy, different
photometric calibrations provided reliable estimations of stellar parameters. For instance,
Ivezi¢ et al. [11] found that (gr) color from SDSS provides an accurate estimation for 7 and
[Fe/H] can be obtained through a polynomial fitting using (u — g)' some restrictions on (g —r)
while Casagrande et al. [6] used the infrared flux method (Casagrande et al. [5]) to obtain
T_,of a sample of F, G and K type stars using BV JHK_ photometry. Regarding spectroscopic
observations, Lee et al. [12] presented the SEGUE Stellar Parameter Pipeline (SSPP),
which made estimations of stellar parameters using both theoretical and empiric calibrations
of medium resolution stellar spectra ((R =~ 10000)) along with the implementation of neural
networks based on spectral libraries (ELODIE and MILES; Prugniel and Soubiran [15],
Falcon-Barroso J. et al. [8]) and high-resolution spectra for the validation process.

Nevertheless, in the following years, the data sets produced by different extensive
surveys will be so giant (the order of many Petabytes) that we will need to develop new
effective ways to deal with it. In this sense, machine learning algorithms and any other
statistical tools could be beneficial to analyze data and make predictions in a reasonably short
amount of time. Some machine learning methods like artificial neural networks (ANN) have
been applied successfully for some time ago in a wide variety of astronomical applications.
For instance, Gulati and Gupta [9] propose a model to estimate E (B-V)2for O and B stars;
and Whitten et al. [18] that implemented ANNs to estimate T_.and [Fe/H] for J-PLUS data in
order to search for low-metallicity stars. On the other hand, we can find that other models
based on algorithms such as Random Forest (Breiman [4]) have produced exciting results in

1 u, g with and r are photometric magnitudes measured by the optical filter system of Sloan survey.
2 A measure of the interstellar reddening that is related to the quality of the light received by a telescope from the ob-
served stars
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terms of morphological classifications and estimation of physical parameters. For instance,
Miller [14] presented a Random Forest (hereafter RF) model capable of inferring T_, log
g and [Fe/H] based on SDSS de-reddened colors; Bai et al. [1] built an RF model that
performs a Star-Galaxy-QSO?® classification and calculates the T for stars using data from
SDSS and LAMOST.

This work presents the J-PLUS Stellar Parameters Estimation based on Ensemble
Methods pipeline (J-PLUSSPEEM). It consists of a series of machine learning models
capable of performing different tasks such as separating stars from QSOs and estimating
three main stellar parameters (T, [Fe/H], log g). Additionally, SPEEM makes spectral
classification (A, F, G, K, and WD*), allowing us to build a catalog of stars for a wide variety
of interests. We also tested the model for looking for new very metal-poor stars observed
with the Javalambre Photometric Local Universe Survey (J-PLUS, Cenarro et al. [7]) thanks
to the comparison between machine learning predictions and analysis of medium resolution
spectra obtained with the William Hershel Telescope (WHT) at the Canary Islands.

21 METHODOLOGY

There are two strategies to properly implement machine learning algorithms that allow
one to obtain reliable estimations and predictions on astronomic data, known as supervised
learning and unsupervised learning. In supervised learning, one usually starts with a fraction
of data for which the target variables of interest are well known: T_, [Fe/H], and log g. Then
an optimized algorithm is applied to search for statistical relations between these target
variables and a set of measured parameters, being photometric magnitudes and colors®
in our case. The data used to applied the algorithm is known as the training sample. The
variables to be estimated are referred to as labels (for classification problems) or targets (for
regression), while the input parameters considered to deploy a model are named features.
Supervised methods are handy to make regressions and classifications based on a subset
of well-known data, while unsupervised learning is based on unknown labels to find possible
patterns or associations from the features suitable for being interpreted as classes.[3] [10]

For this work, we restrained the focus to applying the random forest algorithm, a
supervised learning method.[4]

2.1 Training Datasets

The sample used in this work comes from applying a query to retrieve magnitudes in
the dual AB system from the second data release of the J-PLUS Survey (hereafter JPLUS
DR2°%). Additionally, selections of 6 arcsec aperture photometry and proper configuration

3 quasi-stellar object: A type of galaxy with extremely active nucleus that appear as a bright star
4 White Dwarf: A kind of star in its final evolutionary state

5 A photometric color is defined as the subtraction between two magnitudes.

6 http://www.j-plus.es/datareleases/data release dr 2
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in MASKS and FLAGS values in the query ensure high-quality measurements in each
of the 12 filters. The quality checks also include the stellar wide dwarf loci photometric
calibration proposed by Lopez-Sanjuan et al. [13]. We ended up with a sample of
575,593 (hereafter referred to as gold sample) objects considered as unknown/unlabelled
data inprinciple. Then the gold sample was crossed with other surveys such as Sloan
DR127,SEGUE (Yanny et al. [20]), LAMOST, and WISE (Wright et al. [19]) in order to gain
new information regarding the target variables.This strategy resulted in 7393 common
objects (referred to as JPLUSXSLOANXWISE) with Sloan DR12 and WISE, which provides
information on morphological classification. In addition, there another 9436 common objects
(JPLUSxSSPP)with SEGUE, which is a spectroscopic survey of Sloan that allows us to get
information regarding stellar parameters (T, [Fe/H], and log g). Finally, we found 106769
(JPLUSXLAMOST) objects in common with LAMOSTDR68to test the model’s predictions.

StackingRegressor

gb_pca rf_ colors rf_colors_comb
éFeaturesSelectiong gFeaturesSelectioné éFeaturesSelectioné
;StandardScaleré iMakeColors |
S— ; ; B ; : ;
éPCA% gFeaturesSelectiong éFeaturesSelectiong
== - o | - - ) -
EéGradientBoostingRegressorg éStandardScalerg gstandardScalerg

%RandomForestRegresso RandomForestRegressorg

%TheilSenRegressoré
B s S S S S Sanmoroomes R SRS E TS PR EEE

Fig. 1: SPEEM Architecture

2.2 Architecture of SPEEM

SPEEM is in charge of two main tasks. The first one is two make a morphological
classification two distinguish between different types of stars and contaminants such as
QSOs. Then the second task that SPEEM accomplishes is to estimate the stellar parameters
through a stacking regressor that combines three different ensemble regressors passing into
afinal Theil-Sen estimator, as shown in Figure 1. Each of the ensemble regressors considers
different features varying from PCA analysis to different combinations of photometric colors.

7 https://www.sdss.org/dr12/
8 http://dr6.lamost.org
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31 RESULTS AND DISCUSSION

3.1 Morphological and Spectral Classification

In order to estimate stellar parameters from a sample, we need to make sure that
no contaminants are present in the data, like QSOs or WDs in this case. So, the first step
consisted of attempting a morphological classification of the data. For this purpose, we used
the JPLUSXSLOANXWISE dataset as the training data to build a model that allows us to
make a preliminary classification of DR1, which can help us clean the sample as best as
possible (keeping a pure sample of stars). In figure 2, we can see that without applying any
model, we can use W1, W2, and W3 magnitudes from WISE (that, fortunately, hasmany
common fields with JPLUS) to classify at least Stars from QSOs. This color-colordiagram is
widely discussed by Wright et al. [19]; and Scaringi et al. [17]. Recall that WISE magnitudes
are located in the infrared region of the electromagnetic spectrum while JPLUS magnitudes
belong to the optical part; in general, QSOs tend to be redder than Stars regarding WISE
colors.

On the other hand, identifying possible White Dwarfs means excluding them from
the sample. Otherwise, they will be mixed with stars with very low metallicity when a
photometric estimation is applied, resulting in many false positives. This misinterpretation is
a well-known issue from the analysis of SEGUE and BOSS data from Sloan. Therefore,we
are not interested in making a precise spectral classification of stars that composed the
sample in this work. Instead, we want to identify and separate WDs from our sample of
interest. Table 2 contains a classification report containing metrics regarding the precision
of the model. Galaxy refers to broadband sources identified by SEGUE, and Recall means
the correctness of the classification in the test sample. Due to limitations on temperature
range, values on G-type stars are lower, resulting in misclassifications as F or K-type stars.

Color - Color Diagram

Star
Qso

W2 - W3

-05 00 10 15

05
W1 -w2

Fig. 2: Color-color diagram using W1, W2, W3 magnitudes from WISE.
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Confussion Matrix

Actual/Predicted Morph. Type QSO STAR
QSO 224 5
STAR 6 1614

Table1: Validation of Stars/QSOs separation model with accuracy score of 0.99.

3.2 Stellar Parameters Estimations - T, [Fe/H] and log g

3.2.1 EffectiveTemperatureT_,

This parameter is usually the easiest to calculate using photometry. Specifically, in
thecase of the J-PLUS survey, one can define color indexes based on broad or narrowband
filters to fit some polynomial function to adjust the data in the same way that was done by
Bond and Ivezi¢ [11] with the formula.

log(7,)=F(g-n (1)

Nevertheless, a machine learning model was deployed based on different color
indexes taking advantage of the 12 filter system of J-PLUS. This model includes 8523 stars
with temperatures between 4200 K and 9200 K as part of the training sample. The validation
process (showed in Figure 3) reported a mean absolute error of 139.5 K for a test sample of
more than 100 000 stars that measure the performance of SPEEM.

Classification Report
Spectral Class Precision Recall f1-score Support

A 0.88 0.86 0.87 268
F 0.86 0.93 0.89 1434
G 0.58 0.37 0.45 222

Galaxy 1.00 0.88 0.93 8
K 0.91 0.82 0.87 205

M 0.71 0.83 0.77 6

WD 1.00 0.62 0.77 8
accuracy 0.85 2151
macro avg 0.85 0.76 0.79 2151
weighted avg 0.84 0.85 0.84 2151

Table 2: Validation of Spectral Class model based on photometric magnitudes with accuracy score of
0.99.
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Histogram of Teff Errors for Test Sample
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Fig. 3: Validation of effective temperature estimations for a test sample of nearly 106769 stars from
JPLUSXLAMOST.

3.2.2 Metallicity [Fe/H]

It is another physical parameter suitable for photometric estimation. However, its
determination is usually more challenging than T due to high sensitivities to signal-to-
noise ratio observation which decreases the precision of the measurements of some filters,
especially in the blue region of the spectrum.

Since one of the goals of this work is to identify possible candidates to very metal-
poor stars (VMPs), we need to train the model on a sample that contains a wide range of
[Fe/H] values. The sample used contains stars of [Fe/H] between 3.0 and 0.5 dex, and figure
4 shows the validation test results for the same validation sample used in the estimation of
T The left side presents a reasonable agreement between the predicted and the adopted
values with some outliers that require further analysis. On the right side, the histogram of
errors suggests that most estimations present an error of less or equal to 0.2 dex. The mean
absolute error calculated was 0.16 dex.
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Histogram of [Fe/H] Errors for Test Sample
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Fig. 4: Validation of metallicity estimations for a test sample of nearly 106769 stars from
JPLUSXLAMOST.

3.2.3 Surface Gravity log g

The estimation of T_, [Fe/H], and log g share the same process, and figure 5 shows
the validation test results. In this case, a wider dispersion can be appreciated compared
to the previous cases. The range of values used in the training data was between [1.0,
5.0] dex. The results obtained for this particular parameter suggest that either additional
restrictions are needed or the input features used by the machine learning algorithms are
not enough to develop a higher precision model. Despite the more significant dispersion and
the outliers presented, the histogram of errors suggests that most estimations presented an
error between 0 and 0.5 dex with a calculated mean absolute error of 0.32 dex.

3.3 Spectroscopical confirmation of VMPs candidates

After the test, the model was applied to a sample of one million stars to search
for newvery metal-poor stars candidates to validate with spectroscopic analysis. Eleven
stars were selected, and Carlos Allende made the observations using the William Herschel
Telescope (WHT). To obtain the spectroscopic values for T, [Fe/H] and log g, we use the
pipeline n-SSPP (Beers et al. [2]). Figure 6 shows a comparison between the parameters
estimated by the model and those obtained by spectroscopic analysis. The analysis of the
predictions also presents a systematic median error of 178 K, 0.76, and 0.5 dex for T_, log
g and [Fe/H], respectively.
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Fig. 6: Validation of metallicity estimations for a sample of nearly 1945 stars from JPLUSXSSPP.

The primary goal of J-PLUSSPEEM is to identify good, very metal-poor stars

candidates that can be used to detailed study its chemical abundances with high-resolution

spectroscopy that is one of the most potent observational methods up to date in the field of

astrophysics. As shown primarily in figures 4 and 6, the pipeline identified new low metallicity
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stars, further confirmed by independent spectroscopic analysis. There is a good agreement
between the values predicted by J-PLUS SPEEM and those found by independent
spectroscopic analysis. We expect to find and validate more interesting candidates applying
the pipeline to future data releases of the J-PLUS survey.
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