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APRESENTAÇÃO

A Engenharia de Computação tem como definição ser o ramo da engenharia que 
se caracteriza pelo projeto, desenvolvimento e implementação de sistemas, equipamentos 
e dispositivos computacionais, segundo uma visão integrada de hardware e software, 
apoiando-se em uma sólida base matemática e conhecimentos de fenômenos físicos. 
O objetivo é a aplicação das tecnologias de computação na solução de problemas de 
Engenharia.

Deste modo, este livro, aborda diversos aspectos tecnológicos computacionais, tais 
como: o desenvolvimento de um jogo de RPG acessível em LIBRAS; uma reflexão quanto 
à necessidade de aplicação de supressores de surto como proteção de transformadores 
devido a eventos transitórios em manobras de disjuntores; um algoritmo para geração de 
contorno 2D envolvendo regiões irregulares; avaliação da influência das tensões residuais 
e imperfeições geométricas iniciais em colunas de aço submetidas à flexão em torno do 
eixo de menor inércia; os esforços em estruturas laminares, de características de geometria 
e carregamentos diversos através da implementação computacional de um elemento finito 
sólido hexaédrico de 8 nós programado com uma linguagem computacional de alto nível; 
uma análise computacional realizada através do programa SAP2000; a estabilidade e as 
vibrações de anéis e tubulações apoiados em uma fundação elástica de Pasternak; um 
controlador neural para dois elos de um robô manipulador de três graus de liberdade (3 
GDL); uma ferramenta de autoria para livros relacionados a área da educação; um aplicativo 
com propósito de aumentar a taxa de reciclagem e minimizar os danos ambientais devido ao 
descarte incorreto de resíduos na natureza; a conscientização de crianças e adolescentes 
sobre as ocorrências de bullying; uma aplicação web interativa, de fácil utilização e interface 
amigável, por meio do pacote Shiny, destinada aos tópicos de intervalo de confiança e 
dimensionamento de amostra para o parâmetro proporção; segmentar e detectar, por meio 
de redes neurais convolutivas, as pás dos raspadores de escória em panelas de ferro gusa 
do Reator Kambara de uma siderúrgica; integrar a Biblioteca Digital de Artigos (IFPublica) 
e a Plataforma de Digital de Inscrição e Administração de Projetos (PDIAP), por meio de 
adaptações 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 área de Engenharia de Computação, auxiliando-os em diversos assuntos 
relevantes da área, fornecendo a estes novos conhecimentos para poderem atender as 
necessidades informacionais, computacionais e de automação das organizações de uma 
forma geral. Por fim, agradeço aos autores por suas contribuições na construção desta 
importante obra e desejo muito sucesso a todos os nossos leitores.

Ernane Rosa Martins
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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]<3.0) that can allow us to imposed 

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 (Teff, [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 astronômicas atuais e futuras 
exigirá métodos de processamento mais 
eficientes para realizar pesquisas científicas que 
nos levem a descobertas mais interessantes. Um 
exemplo particular é a identificação de estrelas 
de metalicidade muito baixa ([Fe/H] <−3,0) que 
podem nos permitir impor restrições, melhorando 
nosso entendimento atual da formação e 
evolução química de nossa Galáxia. Para 
cumprir este objetivo, apresentamos o pipeline 
J-PLUS Stellar Parameters Estimation baseado 
em Ensemble Methods (J-PLUS SPEEM) que 
é capaz de realizar uma variedade de tarefas, 
como classificação morfológica e espectral, 
juntamente com a estimativa dos três principais 
parâmetros 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 máquina, 
astronomia, astrofísica, árvores aleatórios, 
métodos de regressão.
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1 |  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 Teff; 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, 
Ivezić et al. [11] found that (gr) color from SDSS provides an accurate estimation for Teff and 
[Fe/H] can be obtained through a polynomial fitting using (u − g)1 some restrictions on (g −r) 
while Casagrande et al. [6] used the infrared flux method (Casagrande et al. [5]) to obtain 
Teffof a sample of F, G and K type stars using BV JHKs 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)2 for O and B stars; 
and Whitten et al. [18] that implemented ANNs to estimate Teff 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 Teff, log 
g and [Fe/H] based on SDSS de-reddened colors; Bai et al. [1] built an RF model that 
performs a Star-Galaxy-QSO3 classification and calculates the Teff 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 (Teff, [Fe/H], log g). Additionally, SPEEM makes spectral 
classification (A, F, G, K, and WD4), 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.

2 |  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: Teff, [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 colors5 

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 
DR26). 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

http://www.j-plus.es/datareleases/data
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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 (Teff, [Fe/H], and log g). Finally, we found 106769 
(JPLUSxLAMOST) objects in common with LAMOSTDR68 to test the model’s predictions.

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 
a final 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

http://www.sdss.org/dr12/
http://dr6.lamost.org/
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3 |  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.

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 - Teff, [Fe/H] and log g

3.2.1 EffectiveTemperatureTeff

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 Ivezić [11] with the formula.

log(Teff)=F(g−r)                                                    (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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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 Teffdue 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 
Teff. 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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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 Teff, [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 Teff, [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 Teff, log 
g and [Fe/H], respectively.
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Fig. 5: Validation of surface gravity estimations for a test sample of nearly 106769 stars from 
JPLUSxLAMOST.

Fig. 6: Validation of metallicity estimations for a sample of nearly 1945 stars from JPLUSxSSPP.

4 |  CONCLUSION
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.

ACKNOWLEDGEMENTS
C. A. Galarza acknowledges the full financial support from CAPES for the development 

of this Ph.D. project. Furthermore, all the authors thank Observatorio Astrofísico de 
Javalambre in Teruel, managed and operated by the Centro de Estudios de Física del 
Cosmos de Aragón (CEFCA) in charge of the JAST/T80 telescope responsible for carrying 
out the observations for the J-PLUS survey. There is also a special acknowledgment to the 
Roque de Los Muchachos Observatory in charge of the Isaac Newton Group of telescopes 
where the William Herschel Telescope (WHT) belongs. A final mention to the Scikit-learn 
team [16] for the significant contributions to the machine learning libraries for the python 
language.

REFERENCES
[1] Y. Bai, J. Liu, S. Wang, and F. Yang. Machine learning applied to star–galaxy–qso classification and 
stellar effective temperature regression. The Astronomical Journal, 157 (1): 9, 2018.

[2] T.C. Beers, J. E. Norris, V. M. Placco, Y. S. Lee, S. Rossi, D. Carollo, and T. Masseron. Population 
studies. xiii. a new analysis of the bidelman-macconnell “weak-metal” stars—confirmation of metal-poor 
stars in the thick disk of the galaxy. The Astrophysical Journal, 794 (1): 58, 2014.

[3] C. Bishop. Pattern Recognition and Machine Learning. Information Science and Statistics. Springer, 
2006.

[4] L. Breiman. Random forests. Machine learning, 45 (1): 5–32, 2001.

[5] L. Casagrande. Infrared flux method and colour calibrations. Physica Scripta, 2008 (T133): 014020, 
2008.

[6] L. Casagrande, I. Ram´ırez, J. Melendez, M. Bessell, and M. Asplund. An absolutely calibrated teff 
scale from the infrared flux method-dwarfs and subgiants. Astronomy & Astrophysics, 512: A54, 2010.

[7] A. J. Cenarro, M. Moles, D. Cristóbal-Hornillos, A. Marín-Franch, A.Ederoclite, J.Varela, C.López-
Sanjuan, C.Hernández-Monteagudo, R. Angulo, H. V. Ramió, et al. J-plus: The javalambre photometric 
local universe survey. Astronomy & Astrophysics, 622: A 176, 2019.

[8] J. Falcón-Barroso, P. Sánchez-Blázquez, A. Vazdekis, E. Ricciardelli, N. Cardiel, A. Cenarro, J. 
Gorgas, and R. Peletier. An updated miles stellar library and stellar population models. Astronomy & 
Astrophysics, 532: A95, 2011.



 
Coleção desafios das engenharias: Engenharia de computação Capítulo 22 278

[9] R. Gulati, R. Gupta, and H. Singh. E (bv) determinations of o and b stars using artificial neural 
networks. Publications of the Astronomical Society of the Pacific, 109 (737): 843, 1997.

[10] T.Hastie, R. Tibshirani, and J. Friedman.The Elements of Statistical Learning: Data Mining, 
Inference, and Prediction. Springer series instatistics. Springer, 2001.

[11] M.Jurić, Ž.Ivezić, A. Brooks, R. H. Lupton, D. Schlegel, D. Finkbeiner, N. Pad-manabhan, N. 
Bond, B. Sesar, C. M. Rockosi, et al. The milky way tomography with sdss. i. stellar number density 
distribution. The Astrophysical Journal, 673 (2): 864, 2008.

[12] Y. S. Lee, T. C. Beers, T. Sivarani, C. A. Prieto, L. Koesterke, R. Wilhelm, P. R.Fiorentin,  C. A. 
Bailer-Jones, J. E. Norris, C. M. Rockosi, et al. The segue stel-lar parameter pipeline. i. description and 
comparison of individual methods. The Astronomical Journal, 136(5): 2022, 2008.

[13] C. López-Sanjuan, J. Varela, D.Cristóbal-Hornillos, H. V. Ramió, J.Carrasco, P.- E. Tremblay, D. 
Whitten, V. Placco, A. Marín-Franch, A. Cenarro, et al. J-plus: photometric calibration of large-area 
multi-filter surveys with stellar and white dwarf loci. Astronomy & Astrophysics, 631: A119, 2019.

[14] A. Miller, J. Bloom, J. Richards, Y. Lee, D. Starr, N. Butler, S. Tokarz, N. Smith, and J. A. Eisner. A 
machine-learning method to infer fundamental stellar parameters from photometric light curves. The 
Astrophysical Journal, 798 (2): 122, 2015.

[15] J. Moultaka, S. Ilovaisky, P. Prugniel, and C. Soubiran. The elodie archive. Publications of the 
Astronomical Society of the Pacific, 116 (821): 693, 2004.

[16] F. Pedregosa, G. Varoquaux, A. Gramfort, V. Michel, B. Thirion, O. Grisel, M. Blon-del, P. 
Prettenhofer, R. Weiss, V. Dubourg, et al. Scikit-learn: Machine learning in python. the Journal of 
machine Learning research, 12: 2825–2830, 2011.

[17] S. Scaringi, P. Groot, K. Verbeek, S. Greiss, C. Knigge, and E. Körding. Spectroscopic 
identifications of blue-hα-excess sources in the kepler field of view. Monthly Notices of the Royal 
Astronomical Society, 428(3): 2207–2215, 2013.

[18] D. Whitten, V. Placco, T. Beers, A. Chies-Santos, C. Bonatto, J. Varela, D. Cristóbal-Hornillos, A. 
Ederoclite, T. Masseron, Y. Lee, et al. J-plus: Identification of low-metallicity stars with artificial neural 
networks using sphinx. Astronomy & Astrophysics, 622: A 182, 2019.

[19] E. L. Wright, P. R. Eisenhardt, A. K. Mainzer, M. E. Ressler, R. M. Cutri, T. Jarrett, J. D. Kirkpatrick, 
D. Padgett, R. S. McMillan, M. Skrutskie, et al.The wide-field infrared survey explorer (wise): mission 
description and initial on-orbit performance. The Astronomical Journal, 140(6): 1868, 2010.

[20] B. Yanny, C. Rockosi, H. J. Newberg, G. R. Knapp, J. K. Adelman-McCarthy, B. Al-corn, S. Allam, 
C. A. Prieto, D. An, K. S. Anderson, et al. Segue: A spectroscopic survey of 240,000 starswithg=14-20.
The Astronomical Journal, 137(5): 4377, 2009.



 
Coleção desafios das engenharias: Engenharia de computação 367Índice Remissivo

ÍNDICE REMISSIVO

A

Algoritmo  38, 40, 42, 44, 46, 48, 50, 70, 82, 120, 168, 169, 182, 257, 262, 265, 322, 330

Análise avançada  53, 54, 55, 68

Análise computacional  84, 103

Análise estrutural  55, 71, 82, 84, 85, 92, 93, 94, 95, 97, 103, 109, 110, 111

Aprendizado  13, 174, 193, 194, 197, 208, 215, 224, 268

B

Bullying  206, 207, 208, 210, 211, 212, 213, 214

C

Carga crítica  143, 144, 147, 148, 149, 152, 153

Computational fluid dynamics  329, 330, 350

Constitutive model  1, 2, 5, 6, 10

Contorno  38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 49, 50, 51, 71, 299

Controlador neural  168, 169, 170, 171, 172, 173, 174, 175, 179

Controle  19, 119, 120, 131, 168, 169, 171, 173, 174, 175, 176, 177, 178, 179, 180, 181, 
182, 240, 295, 312, 352, 353, 356, 358

D

Deep learning  131, 132, 134, 135, 136, 137, 138, 141, 142

Descarte adequado  198

Desenvolvimento  11, 12, 14, 15, 17, 20, 21, 35, 36, 40, 44, 82, 83, 193, 194, 195, 197, 198, 
199, 200, 205, 206, 208, 209, 210, 211, 215, 216, 217, 221, 225, 226, 227, 254, 260, 265, 
281, 294, 327, 352, 354, 357, 359, 361, 362, 363, 364

Design patterns  155, 156, 166, 167, 226, 227, 228, 230, 231, 234, 238

Diferenças finitas  38, 39, 40, 45, 50, 51, 52, 315

Digital  167, 197, 206, 207, 210, 213, 239, 243, 319, 320, 358, 359, 360, 362, 363, 365

Drop test  131, 132, 133, 134, 135, 141

E

Educação  12, 13, 14, 21, 53, 68, 70, 191, 193, 195, 197, 208, 212, 215, 225, 279, 290, 311, 
326, 359, 366

Educacional  14, 82, 206, 208, 209

Elemento hexaédrico  70, 72, 75, 77

Elementos finitos  53, 55, 69, 70, 71, 72, 83, 279, 280, 281, 285, 286, 290, 291, 294, 297, 



 
Coleção desafios das engenharias: Engenharia de computação 368Índice Remissivo

299, 303, 306, 309, 321

Equações diferenciais  39, 40, 44, 51, 71, 294

Estabilidade estrutural  143

Estatística  21, 215, 216, 217, 218, 224, 225

Estrutura  17, 38, 54, 71, 72, 75, 77, 78, 81, 82, 84, 85, 87, 89, 90, 91, 97, 98, 99, 101, 102, 
103, 104, 106, 112, 113, 114, 115, 116, 117, 118, 152, 218, 221, 253, 266, 279, 280, 281, 
282, 283, 284, 286, 288, 291, 292, 293, 297, 298, 302, 309, 362, 363

F

Ferramenta  15, 18, 22, 39, 193, 194, 195, 196, 200, 204, 210, 211, 216, 224, 294, 313, 
354, 356, 360, 361, 363

Frequências naturais  143, 144, 146, 147, 149, 150, 151, 152, 153

Fundação elástica  143

G

Geometria irregular  38

Gestão de processos  351, 352, 354, 355, 358

I

Imperfeições geométricas iniciais  53, 54, 55, 62, 64, 67, 69

Inclusão  29, 33, 35, 36, 67, 68, 197, 359, 360

Industrial process  131

Informação  12, 21, 193, 205, 216, 351, 354, 355, 356, 357, 358, 360, 366

Inovação  86, 104, 105, 193, 366

Interfaces  215, 216, 225, 231, 232, 233, 234, 235, 361

J

Jogo  11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 206, 207, 209, 210, 211, 212, 213

L

Layout  221, 222, 359, 360, 362

Libras  11, 12, 13, 14, 17, 18, 19, 20, 21, 22

M

Malha  38, 39, 40, 44, 45, 46, 49, 50, 72, 79, 108, 182, 285, 299, 303, 304, 313, 321, 322, 
326

Modelagem  31, 33, 35, 36, 38, 39, 70, 72, 149, 194, 251, 255, 268, 280, 285, 294, 295, 299, 
305, 351, 352, 353, 354, 356, 357, 358

Modos incompatíveis  70, 72, 75, 76, 77, 79, 80, 82, 83



 
Coleção desafios das engenharias: Engenharia de computação 369Índice Remissivo

O

Oscar Niemeyer  84, 85, 86, 87, 89, 101, 102, 103, 104, 105, 118

P

Pasternak  143, 144, 145, 149, 151, 153, 154

Processos  82, 171, 240, 312, 351, 352, 353, 354, 355, 356, 357, 358, 359, 361

Programação  72, 211, 215, 224, 361

Programas  55, 205, 206, 210, 214, 294, 359

Projeto socioambiental  198

R

Realidade aumentada  193, 194, 195, 196, 197

Rede neural  168, 169, 171, 175

Resistência  53, 54, 55, 56, 60, 61, 62, 63, 64, 65, 66, 67, 68, 89, 96, 131, 145, 255, 256, 
258, 261, 262, 263, 280, 294, 314

Robô  168, 169, 170, 173, 174, 175, 176, 177, 178, 179

Robótica  168

RPG  11, 12, 15, 16, 18

RStudio  215, 216, 217, 218, 220, 224, 225

S

Shiny  215, 216, 217, 218, 220, 221, 224, 225

Simulações  23, 24, 30, 31, 33, 35, 38, 44, 50, 168, 169, 175, 181, 311, 312, 326, 329

Sobretensões de manobras  23, 24, 25, 29, 30

Software  1, 6, 12, 18, 40, 53, 55, 66, 70, 71, 72, 77, 79, 80, 82, 103, 155, 156, 157, 158, 
159, 166, 167, 196, 210, 215, 216, 217, 218, 220, 224, 225, 226, 227, 228, 229, 230, 231, 
232, 233, 235, 237, 238, 239, 256, 257, 263, 265, 266, 267, 281, 285, 297, 299, 300, 311, 
320, 321, 330, 356, 357, 359, 360, 363, 364

Stable hysteresis cycle  1, 3, 9

Summarization  329, 330, 331, 332, 343, 349, 350

Supressores de surto  23, 25, 28, 29, 30, 33, 34, 35, 36

Sustentabilidade  198, 199

T

Tecnologia  11, 12, 21, 54, 70, 168, 193, 194, 196, 197, 206, 208, 215, 279, 290, 311, 326, 
351, 355, 358, 359, 362, 366

Tensão  1, 24, 25, 26, 27, 28, 33, 34, 59, 62, 63, 66, 67, 75, 170, 255, 256, 258, 260, 261, 



 
Coleção desafios das engenharias: Engenharia de computação 370Índice Remissivo

266, 295

Tensões residuais  53, 54, 55, 61, 62, 63, 64, 65, 66, 67, 68, 69

Transformadores  23, 24, 25, 28, 30, 34, 35, 36

Transitórios eletromagnéticos  23, 24, 31

W

Web  54, 194, 195, 196, 200, 215, 216, 217, 218, 221, 222, 225, 355, 359, 360, 361, 362, 
363, 365








