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1 Introducao

Este memorial descritivo apresenta as atividades académicas e profissionais que desenvolvi
e continuo desenvolvendo durante meu periodo de formagao em engenharia de controle e au-
tomacao no niveis de graduacgao, mestrado e doutorado.

O memorial esta dividido como segue. Na secao 2, apresento um resumo da minha trajetéria
académica e profissional. Na secao 3, descrevo a minha formacao académica. Na secao 4,
descrevo as minhas experiéncias profissionais. Na secao ?7, listo minhas publicacoes. Na secao
6, apresento uma conclusao a respeito deste memorial.

2 Resumo

Sou graduada em Engenharia de Controle e Automagao e Doutora em Engenharia de Au-
tomagao e Sistemas. Atualmente, sou pesquisadora no Instituto SENAI de Inovacgao em Siste-
mas de Manufatura. Nos ultimos 5 anos, me dediquei a pesquisa na area de concentracao: con-
trole, automacao e sistemas. Atualmente, minha producao cientifica inclui artigos publicados
em congressos e periddicos nacionais e internacionais. Ainda neste periodo, adquiri experiéncia
na docencia atuando tanto como professora voluntaria quanto como professora substituta. Em
2021, atuei como professora substituta da disciplina de Robdtica Industrial na Universidade
Estadual Paulista “Jilio de Mesquita Filho” (UNESP) por dois semestres letivos. Em 2022,
atuei como professora substituta da disciplina de Sistemas de Controle na Universidade Fede-
ral de Santa Catarina (UFSC) por dois semestres letivos. Em 2023-2024, atuei como bolsista
pesquisadora no Instituto SENAI de Inovacao em Sistemas de Manufatura. Apds esse periodo,
fui contratada como Pesquisadora em regime CLT.

3 Formacao

3.1 Graduagao em Engenharia de Controle e Automacao, Universi-
dade Tecnoldégica Federal do Parana

o 2012-2017

Ingressei na Universidade Tecnolégica Federal do Parand (UTFPR), campus de Cornélio
Procépio, como aluna do curso de engenharia de controle e automacao em marco de 2012.
No ano de 2015 passei a atuar como voluntaria em iniciagao cientifica (IC) sob orientagao do
Professor Doutor Fabian Andres Lara Molina do Departamento de Engenharia Mecanica da
UTFPR. O projeto de IC tinha como objetivo modelar matematicamente um manipulador
robdtico de dois graus de liberdade, identificar seus parametros de massa e inércia e projetar
um sistema de controle robusto para o rastreamento de trajetéria. Utilizou-se duas técnicas
de identificagdo de sistemas: Método dos Minimos Quadrados e Algoritmo Genético. Ainda
em 2015, atuei como voluntdria no projeto de extensao: “Cursinho Comunitario Prisma”,
realizado pela UTFPR - Campus Cornélio Procopio, como professora de quimica organica.
Em 2016, o trabalho de IC foi expandido, acrescentando-se o projeto de mais um sistema de
controle robusto, para o desenvolvimento do trabalho de conclusao de curso. Mesmo apds a
finalizacao do curso, tive a oportunidade de participar do “6"* International Symposium on
Multibody Systems and Mechatronics” realizado em Florianépolis - SC, na apresentacao de um
artigo onde atuei como terceira autora em parceria com os professores doutores Fabian Andres



Lara Molina e Edson Hideki Koroishi do Departamento de Engenharia Mecanica da UTFPR -
Campus Cornélio Procopio.

3.2 Mestrado em Engenharia de Automacgao e Sistemas, Universi-
dade Federal de Santa Catarina

e 2017-2019

Logo apds concluir a graduagao, ingressei em margo de 2017 no Mestrado em Engenharia
de Automacao e Sistemas na UFSC. Cursei o mestrado sendo bolsista do Conselho Nacional
de Desenvolvimento Cientifico e Tecnolégico (CNPq). Em 2018, tive a oportunidade de parti-
cipar e atuar na organizacao do 9" IFAC Symposium on Robust Control Design and 2"* IFAC
Workshop on Linear Parameter Systems (ROCOND’18 & LPVS’18) realizado em Florianépolis
- SC. Ainda em 2018, tive a oportunidade de apresentar o trabalho intitulado: Modeling and
Control of an Unmanned Aerial Vehicle no Fourth Workshop on Mechanism and Robot Design
realizado em Blumenau - SC.

Conclui o mestrado em margo de 2019 com a defesa da dissertacao intitulada: “Modelagem
e controle de um veiculo aéreo nao tripulado com rotores inclinaveis e camera orientavel”. Neste
trabalho foi desenvolvido um sistema de controle robusto, baseado nas abordagens de controle
H, e controle por modos deslizantes.

O resultado do trabalho foi publicado no “19** International Conference on Advanced Ro-
botics” em 2019. Em 2021, este tltimo trabalho foi expandido e publicado no “32"¢ Congress
of the International Council of the Aeronautical Sciences”, onde participei de forma remota.

3.3 Doutorado em Engenharia de Automacao e Sistemas, Universi-
dade Federal de Santa Catarina

e 2019-2024

Apoés concluir o mestrado, ingressei em abril de 2019 no Doutorado em Engenharia de
Automagao e Sistemas na UFSC. Cursei o doutorado sendo bolsista da Coordenacao de Aper-
feicoamento de Pessoal de Nivel Superior (CAPES).

Em 2023, publiquei dois artigos com resulatdos parciais da proposta da tese de doutorado.
O primeiro trabalho, intitulado “Formation Tracking Control of Multiple UAVs in the Presence
of Communication Faults”, foi publicado no livro da série da confréncia Climbing and Walking
Robots Conference. O segundo trabalho foi publicado nos anais do evento internacional 27"
International Congress of Mechanical Engineering e é intitulado como “Robust UAV formation
control” .

Conclui o doutorado em dezembro de 2024, com a defesa da tese intitulada “Robust UAV
Trajectory Tracking Formation Control”. Nessa pesquisa, foram desenvolvidos quatro sistemas
de controle de formacao, considerando a presenca de perturbacoes no sistema. Trés desses
sistemas foram projetados levando em conta falhas de comunicacao modeladas como incertezas
paramétricas — dois deles continuos, com diferentes abordagens na analise de estabilidade, e
um discreto. O quarto sistema de controle foi projetado para lidar com perturbacoes externas,
isto é, incertezas nao estruturadas. Os resultados foram analisados utilizando o software de
simulagao Robot Operating System (ROS) e Gazebo.



4 Experiéncia Profissional

4.1 Ensino

As atividades de ensino iniciaram-se no Instituto de Ciéncia e Tecnologia - Campus de
Sorocaba - Unesp, no ano de 2021 como professora substituta. Neste periodo, ministrei as aulas
da disciplina de Robdtica Industrial remotamente. Ministrei aulas tedrica e de laboratorio de
forma computacional para uma turma por dois semestres. Segue a comprovacao da contratacao:
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Apoés o término do contrato com a UNESP, em 2022, fui aprovada em um processo seletivo
para professora substituta no Departamento de Automacao e Sistemas na UFSC. Neste periodo,
ministrei as aulas da disciplina de Sistemas de Controle. Ministrei aulas tedrica e de laboratorio.
Segue a comprovacao da contratacao:

MINISTERIO DA EDUCACAD
UMIVERSIDADE FEDERAL DE SANTA CATARINA
PRO-REITORIA DE DESENVOLVIMENTO E GESTAO DE PESSOAS
DEPARTAMENTO DE DESENVOLVIMENTO DE PESSOAS

Campus Frof. lodo David Ferreira Lima = CEP 88040-900
Trindade = Florandpolis = Santa Catarina = Brasil
[48) 3721-9497 / E-mail: dct.ddp @contato.ufsc.br

CONTRATO DE PRESTAGCAO DE SERVICOS NR. 040/UFSC/2022

Pelo presente instrumento particular de Contrato, a Universidade Federal de Santa
Catarina, pessoa juridica de direito publico, CNPJ n” 83899526/0001-82, com sede no
Campus Universitdrio — Trindade - Florianépolis, Estado de Santa Catarina, doravante
denominada CONTRATANTE, neste ato representada pela Diretora do Departamento de
Desenvolvimento de Pessoas ELIETE WARQUEN BAHIA COSTA, brasileira, casada,
residente e domiciliada no municipio de Floriandpolis, & Rua Paisagista Burle Marx, n®
390, Bairro Jodo Paulo, Cl 737935, CPF: 417.258.839-53, e THAMIRIS LIMA COSTA,
brasileira, solteira, residente e domiciliado(a) & Avenida Deputado Anténio Edu Vieira, n?
1760. Apto 111, Bairro: Pantanal — Florianépolis - SC, portador (a) da Carteira de
Identidade n? 366024024/55P-SP, CPF n? 417.279.058-57, doravante denominadola)
CONTRATADO(A), tém justa e contratada a presente prestacdo de servios para
atendimento de necessidade tempordria de excepcional interesse plblico, com fulere no
inciso IV do art. 22 e demais disposices da Lei n® 8.745, de 09 de dezembro de 1993 e
suas alteragdes, aplicando-se subsidiariamente, no gque couber, as disposigdes da Lei n®
8.112/90, da Lei n? 8.647, de 13 de abril de 1993 e da Portaria Normativa n?
154/2019/GR, que se regerd pelas cldusulas e condigbes seguintes:

CLAUSULA PRIMEIRA: O presente contrato tem por objeto a admissio dofa)
CONTRATADO(A) para exercer as fungSes de Professor Substituto, junto ao
Departamento de Automagdo e Sistemas da CONTRATANTE, conforme processo
23080.010366/2022-63.

SUBCLAUSULA UNICA: A contratagio de que trata esta Clausula ndo gerard vinculo
estatutdrio ou trabalhista de gualquer espécie, ficando o CONTRATANTE vinculado ao
Regime Geral da Previdéncia Social.

CLAUSULA SEGUNDA: O(A) CONTRATADO(A) desempenhard as funcfes
relacionadas as atividades de ensino superior, com zelo, dedicacdo, presteza, eficiéncia,
probidade, pontualidade e assiduidade.

SUBCLAUSULA UNICA: O[A) CONTRATADO(A) responderd administrativa, civil e
penalmente pelo exercicio irregular de suas atribuigdes.

CLAUSULA TERCEIRA: OfA) CONTRATADO[A) submeter-se-d ao regime de
trabalho de 20 horas semanais, e cumprird o hordric que lhe for determinado pela
CONTRATANTE.



CLAUSULA QUARTA: Pela prestacio dos servicos descritos na Clausula Segunda, a
CONTRATANTE cbriga-se a pagar ac(a) CONTRATADO(A), a remuneragdo mensal fixada
para os servidores de carreira integrantes do Grupo do Magistério Superior Federal,
Classe Auxiliar A, Nivel 1, acrescida do incentivo de titulacdo correspondente ao titulo de
Mestrado, em regime de 20 horas semanais, excluidas as vantagens de natureza
individual, no valor de RS 2.795,40, (dois mil setecentos e noventa e cinco reais e
quarenta centavos).

SUBCLAUSULA PRIMEIRA: A CONTRATANTE efetuard o desconto decorrente da
vinculagdo ao Regime Geral da Previdéncia Social, bem como o recolhimento do Imposto
de Renda na fonte sobre o valor da remuneracio, se devido.

SUBCLAUSULA SEGUNDA: DO pagamento da remuneragio mensal correrd por
conta da dotacdo UGR 153170, Programa de Trabalho 12.364.2109.20TP.0042, PTRES
061491, Elemento de Despesa — 319004, e Fonte n? 0112000000 e dar-se-a mediante
depdsito em agéncia bancéria indicada pelo(a) CONTRATADO(A).

SUBCLAUSULA TERCEIRA: O pagamento a que se refere esta Cldusula serd
efetuado até o quinto dia atil do més subsequente ao vencimento, ndo importando
eventual antecipacdo, ainda gue se torne habitual, a modificacdo do prazo aqgui
estabelecido.

CLAUSULA QUINTA: O(A) CONTRATADO(A) nio podera:
I. Receber atribuiges, fungdes ou encargos ndo previstos no presente contrato;
Il. Exercer atividades de pesquisa e extensdo;
. Ser nomeado ou designado, ainda que a titulo precdrio ou em substituicdo, parao
exercicio de cargo em comissdo ou fungio de confianca;
IV. Ocupar cargo publico federal integrante das carreiras do magistério das
Instituicdes Federais de Ensino;
V. Exercer outros cargos cujos hordrics sejam incompativeis com o exercicio das
fungdes previstas neste Contrato.
V1. Ser novamente contratado, com fundamento na Lei 8745, de 09 de dezembro de
1993, antes de decorridos 24 (vinte e quatro) meses do encerramento de seu
contrato anterior.

SUBCLAUSULA UNICA: A inobservéancia do disposto nesta Cldusula importard na
rescisdo do Contrato nos casos dos incisos | a V ou na declaracdo da sua insubsisténcia, no
caso do inciso VI sem prejuizo da responsabilidade administrativa das autoridades
envolvidas na transgressao.

CLAUSULA SEXTA: O(A) CONTRATADO(A) ter3 direito a:
I. Diarias;
Il. Férias de 30 (trinta) dias por exercicio;
. Adicional de insalubridade;
IV. Gratificagdo nataling;
V. Auxilio transporte;
VI, Auwxilio alimentacao;
VIl. Auxilio pré-escola;
VIll. Auséncias para: doacdo de sangue (1 dia), casamento (8 dias) e luto (8 dias);
X. Licenga Maternidade;
X. Licenga Paternidade.



SUBCLAUSULA UNICA: AD (A) CONTRATADO(A) assiste, também, o direito de
peticdo, de pedido de reconsideragdo e recurso.
CLAUSULA SETIMA: O presente contrato extinguir-se-, sem direito & indenizacio:
I. Pelo término do prazo contratual;

Il. Por iniciativa doja) CONTRATADO(A);

Il. Por iniciativa da CONTRATANTE, nos casos de infracdo cometida pelo(a)
CONTRATADO(A), apurada por meio de sindicdncia sumdria e punida com a pena
de demiss3o;

IV. Por iniciativa da CONTRATANTE, a qualquer tempo, em decorréncia de
conveniéncia administrativa, independentemente de comunicacdo prévia.

SUBCLAUSULA PRIMEIRA: A extingio do Contrato de que trata esta Clausula dar-
se-a sem direito a indenizagBes, exceto no caso previsto no inciso IV, que importard no
pagamento aola) CONTRATADO(A) de indenizagdo correspondente 3 metade do que lhe
caberia referente ao restante do contrato.

SUBCLAUSULA SEGUNDA: A extingdo do presente contrato, no caso previsto no
inciso Il, serd comunicada & CONTRATANTE, por escrito, com antecedéncia minima de 30
(trinta) dias.

CLAUSULA OITAVA: O presente contrato vigorard no periodo de 18/04/2022 a
05/08/2022, e poderd sofrer prorrogagtes de acordo com a legislagio vigente.

CLAUSULA NOMNA: Fica eleito o foro da Justica Federal — Circunscricio de
Floriandpolis = Secdo Judicidria de Santa Catarina, para dirimir gualguer litigio decorrente

deste Contrato.

E, por estarem justas e acordadas, as partes firmam o presente instrumento.

Floriandpolis, 18 de abril de 2022.

Docusrmnbs asinada dighamsnts
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CONTRATANTE CONTRATADO(A)

ELIETE WARQUEN BAHIA COSTA
Diretora do Departamento de
Desenvolvimento de Pessoas

DDP/PRODEGESP/UFSC
Portaria n® 1908/2017/GR



A
MINISTERIO DA EDUCACAD
UNIVERSIDADE FEDERAL DE SANTA CATARINA
PRO-REITORIA DE DESENVOLVIMENTO E GESTAD DE PESSOAS

DEPARTAMENTO DE DESENVOLVIMENTO DE PESS0AS
Campus Prof. lodo David Ferreira Lima = CEP 8E040-900
Trindade = Horandpolis = Santa Catarina = Brasil
[48) 37219457 / E-mail: dct. ddp @contato.ufsc br

TERMO ADITIVO AO CONTRATO DE PRESTACAO DE SERVICO
040/UFSC/2022 - CTC/DAS

Pelo presente Termo Aditivo ao Contrato acima referenciado, a Universidade Federal
de Santa Catarina, pessoa juridica de direito plblico, CNPJ n® 83899526/0001-82, com sede
no Campus Universitdrio - Trindade Floriandpolis, Estado de Santa Catarina, doravante
denominada CONTRATANTE, neste ato representada pela Diretora do Departamento de
Desenvolvimento de Pessoas CARLA CERDOTE DA SILVA, e THAMIRIS LIMA COSTA
doravante denominado (a) CONTRATADO (A), tém justo e acordado o presente aditamento
ao Contrato de Prestagdo de Servigos para Atendimento de Mecessidade Temporaria de
Excepcional Interesse Publico, firmado em 18/04/2022 que se regerd pelas cldusulas e
condigBes seguintes:

CLAUSULA PRIMEIRA: Fica prorrogado o Periodo de Vigéncia do Contrato de Prestacio
de Servicos acima referenciado, que passa a ter a seguinte redac3o:

CLAUSULA SEGUNDA: O presente Contrato vigorard no periodo de 06/08/2022 a
31/12/2022.

CLAUSULA TERCEIRA: Ficam expressamente ratificadas as demais Clausulas previstas
no Contrato original.

E, por estarem justas e acordadas, as partes firmam o presente Termo Aditivo, em
trés vias de igual teor e forma.

Floriandpolis, 05 de agosto de 2022
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CONTRATANTE CONTRATADO(A)

CARLA CERDOTE DA SILVA
Diretora do Departamento de
Desenvolvimento de Pessoas

DDP/PRODEGESP/UFSC

Portaria n2 1151/2022/GR

4.2 Pesquisa

Em 2023, iniciei minha atuagao no Instituto SENAI de Inovagao em Sistemas de Manufatura,
em Joinville, integrando a equipe de Automacao e Software. Iniciei como bolsista pesquisadora
e, apos um ano, fui contratada como Pesquisadora em regime CLT. Minhas atividades envolvem
diversas frentes de pesquisa e desenvolvimento na area de robotica, abrangendo desde o estudo
e modelagem de sistemas até a implementacao pratica de solugoes. Entre essas atividades,
destaco a utilizagao de ferramentas como ROS e Gazebo para simulagao e controle de robos,
bem como o desenvolvimento de aplicagoes envolvendo hardware real. A seguir, apresento a



comprovacgao desta experiéncia:
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5 Publicacoes

A atuacdo em pesquisa teve inicio durante a iniciacao cientifica durante o curso de gra-
duacao, na area de controle e robotica. E dessa época a minha primeira publicagao com o



artigo: “Identificacao de Parametros de um manipulador robdtico utilizando o método dos
minimos quadrados” no “IX Congresso Nacional de Engenharia Mecanica”. Com a realizacao
do mestrado, o tema da pesquisa passou a ser modelagem e controle robusto e nao linear com
veiculos aéreos nao tripulados com rotores inclinaveis. Ja no doutorado, o tema da pesquisa
manteve-se relacionado a veiculos aéreos nao tripulados, mas com o enfoque em controle de
formacao de enxames de VANTSs. Na proxima secao, apresento as publicacoes realizadas du-
rante o periodo de formagao.

5.1 Principais Publicagoes

A seguir, elenco minhas principais produgoes académicas.

5.1.1 Artigos completos publicados em anais de eventos

10



e Costa, Thamiris Lima, et al.“Identificacao de parametros de um manipulador robdtico
utilizando o método dos minimos quadrados.” IX Congresso Nacional de Engenharia
Mecanica, CONEM. 2016.

DABECM

DNEM 2016
mwm%

IDENTIFICACAO DE PARAMETROS DE UM MANIPULADOR
ROBOTICO UTILIZANDO O METODO DOS MINIMOS QUADRADOS

Thamiris Lima Costa, thamiriscosta @ hotmail com’

Fabian Andres Lara-Molina, fabianmoling @utfpredobr’
Victor Bolzon, victor_bolzon@ hotmail.com’

Edson Hideki Koroishi, edsonh@utfpr.edu.br’

Daniel Almeida Colombao, danieleolom bo@ al unos.utfpedo b

! Universidade Tecnolbgica Federal do Parand, Clmpus Cornélio Procdpio, Av. Alberto Carazei, 1640, Cornélio Procdpio, PR, 86300-
(), Brasil.

Resumo: () objetivo deste trabalfw ¢ identificar pardmetros de wn manipilador robadtico com dois grans de liberdade
utilizands o Métada dos Minimos Quadradas. Os parimetms a serem identificados 5o as massas, o5 afritos viscosas
e a5 atritos de Conlomb de cada fura. Primeiramente, o maniplador mbdtico & modelado wilizando a formagdo
de Lagrange e, entdo, ¢ gerada nma frajetdina psendo-aleatdria para o modelo dindmico do manipulador a fon de
obter valores experimentais. A partir destes valores, o Método dos Minimos Ounadrados ¢ wilizado para a identificagdo
dos pardmetros. For fim, analisando oz eswtados obiidos, verifica-se a efetividade da wilizagao deste método para a
identi ficagdo de pardmetros dindmicos.

Palavras-chave: Manipulador robdtice, ldentificagao de Pardmetros, Método dos Minimos Quadrados.

L INTRODUCAD

Manipuladores mbiticos possuem virias aplicagies em diversas dreas, tis como processos de manufutury, exploragio
espacial, entre outrs, Como em suas aplicagies o manipulador realiza movimentos especificos, & importante formular leis
de controle gue permitam o desenvolvimento adequado de suas respectivas fungbes { Andres Lara-Moling, 2014). Porém,
para que estas leis de controle atuem de forma satisfatdria, & mmpoante que o modelo dindmioo do manipulador seja
confiivel e preciso. No entanto, situages como imprecisio dos equipamentos de medigies ou existéncia de parimetros
mio mensuriveis podem afetar a confinbilidade do modelo dinimico. Desta forma, propée-se a utilizagio de métodos de
identificagio de parimetrmos, com a finalidade de obter parimetros precisos gque tornem o modelo dindmico confiavel.

Existemn diversos trubalhos desemvolvidos na drea de identificagio de parimetms, wis como (Alhin, 2004, {Avila,
2008, (Romano, 2000) ¢ ( Souza, 2010).

O escopo deste trabalho ¢ aplicar métodos numéricos para o identificagio de parimetros de wm mani pulador roba-
tico com dois graus de lberdade baseado o método dos minimos quadrados. Primeiramente, realiza-se 2 modelagem
dindimica do manipulador ¢ em seguida foi realizada a identificagio dos parimetros de massa, anto viscoso e atrito de
Coulomb de cada junta do manipulador. Por fim, verifica-se que o método utilizado para a identificagio de parimetros
mostron resultados satisfatdrios, confimmando sua viabi ldade.

Este traballo esti organizado em cinco segbes, sendo que a segio 2 discome sobre o manipul ador robatico estudado ¢
sobre seu modelo dinimico. A segiio 3 apresenta o Método dos Minimos Quadrados pam a identificagio dos pasimetros.
A secio 4 apresenta apresenta os resultudos obtidos e apresema uma andlize destes. Por fim, a segiio 5 discorre sobre o
vonelusio do truhalho.

2. MANIPULADOR ROBOTICO

Neste trubaho foi utilizado um manipulador robético com dois graus de liberdade, como mostra a Fig. 1.
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Equipped with a Camera*

Thamiris Lima Costa', Julio Cezar Vendrichoski'. Ebrahim Samer El'Youssef” and Edson Roberto De Pieri!

Abstraci—In this work, we present a control law for an
unmanned serial vehicle (UAV) carrying a camera through
a two degrees of freedom (2-DMOF) gimbal mechanism. The
wehicle is an H-shaped quadrotor with an sdditional mechanism
that allows the independent projection, along the longitudinal
direction, of the thrust generated by each motorn This particular
charscteristic shows useful during the execution of some specific
tasks, especially the ones that require high veodty. A control
law is designed to deal with the underactnation and nonlinear-
ities behavior of the vehicle, that are expressed mathematically
by the Euler-Lagrange formulation. The control structure is
arranged in four subsystems, designed to control the dynamics
of the UAY position, attitude, rotors inclination, and camera
pointing. For the posiion control, the nverse dynamic is used
to linearize the translation subsystem, and then a robust ..
controller is applied. For the remaining subsystems, the Super-
Twisting Sliding Mode Controel is applied. Ve present, through
simulation, the performance of the designed control structure,
proving that the controlled UAV is stabilized and able to track
given trajectories even in the presence of unmaedeled dynamics,
parametric uncertainties and external disturbances (such as
wind gusts)

[. INTRODUCTION

UAVS are mobile robots that can perform tasks in dan-
gerous and hard to access places. They have been used in
severnl applications such as military, induostrial, academic,
and civilians, The most popular and studied rotary-wing UAV
mwdel is the quadrotor in an X-shape or +-shape structure.
However, these standard quadrotors exhibit an underactuated
nature. Due 1o its mechanical structure, standard quadrotors
cannot decouple translational and rotational movements, re-
ducing the maneuverability and agility of the vehicle, as
well as the ability 1o track specific trajectories [1], [2]. This
characteristic becomes an issue for vision-based tasks since
the movement of the UAV changes the pointing direction of
onboard cameras. A well-known solution to this problem is
the use of a gimbal mechanism to compensate the vehicle’s
rotation movement, maintaining the camera pointing 1o the
desired spot [3]

Tasks that employ UAVs with a camera to pursuit a
tarpet and use the target position in the path planning are
very sensitive. Image provcessing and target identification
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are by itself challenging even in a situation where precise
positioning and orientation of the UAV and the camera are
well known [3]. Therefore, the loss of the target line of sight,
even for a few seconds, due to a disturbance on the UAV
positionforientation or a fast maneuver, is very detrimental.

One way to achieve a better performance than that of
an standard quadrotor is o consider a vehicle with more
degree of actuation. An interesting option for this case is
the H-shaped tilt rotors, as can be seen in Fig. 1. Although
the scientific community has paid few attention to this kind
of aerial wehicle, it shows interesting properties such as
being able to reach high velocity by applving propulsion
forces in the longimdinal direction. Additionally, it can move
forward and backward with no inclination of the main body.
These properties result in better aerodynamic performance
and more freedom to trajectory planning, when compared to
standard gquadrotors, turning such a UAV advantageous for
application with a camera, as it helps 1o keep target tracking
in situations where more maneuverability and velocity are
required. These properties can also help in tasks where
interaction with the environment is required. Although a
vehicle with higher maneuverability alone does not guarantee
that the camera line of sight will not lose the taget, its
additional DOFs, twpgether with a robust control sirategy, can
help to decrease the system susceptibility to disturbances and
maodel variations. Therefore, we also derive a robust control
strategy for this svstem.

Due to the increased interest of exploring the potential of
the UAVs there is an extensive scientific literature on the
development of control techniques for this svstem. In the
works of [4], [5] and [6], the authors reviewed the literature
of control techniques applied o quadrotors. It was verified
that, during the last vears, several control techniques have
been used, such as PID, LQR, robust control M, feedback
linearization, backstepping and sliding mode control (SMC).
A comparison of these techniques present in [4] and [6]
shows notable results when employing the SMC. However,
the first order SMC generates chattering, which is the effect
cansed due to the discontinuity present in the control signal,
A possible solution to overcome this problem corresponds o
use a higher-order sliding mode control (HOSMC) approach.
The main idea is o apply a continueus control signal whose
discontinuity is present in the temporal derivatives of this
signal, Among the HOSMC techniques, we have the super-
twisting control algorithm (STA) [7].

Mevertheless, as the quadrotor stated in this work is siill
short exploved, in the control context, a limited number of
works is found on this subject. In the work of [B]. the authors
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Abstract—With a wide spectrum of applications ranging
from entertainment to military use, quadmtors, in their con-
ventional construction with four fived rotors, have proven to
be sufficiently capable of robustly performing numeros tasks.
However, the capabiity to generate thrust just in one direction,
ie., normal to its main plane, is very restrictive and drastically
reduces the maneuverability and agility of the vehice, In this
paper, an alternative model of the guadrotor is presented.
Constructively, the diference lies in the sddition of a mech-
anism that tilts the rotors in the longitndinal divection, which
in practice adds maneuverability by enabling the longitudinal
tramslation uncoupled from the pitching movement. In sddition
to this new thrust component in the longitudinal direction, this
confipuration alse yieds a significant increase in the yaw torgque.
These are highly desired features in a UAV used to execute
tasks that require physical interaction with the surrounding
environment. The mathematical model of the entire system is
obtained by employing the Euler-Lagrange formalism and a
mult-body appreach. In addition, a basic contml scheme is
used to verity, through simulation, the sbtained model.

I. INTRODUCTION

Quadrotors have attracted recurring interest in recent vears
1 the point of becoming one of the most popular maodels
of unmanned aerial vehicle (UAV). Its standand construction
with four fixed rotors, although limited, has proved heen
enough to robustly perform tasks related to image capture,
small loads transportation, among others. However, standard
quadrotors are underactuated, ie., their fived rotors provide
only four actuation variables in order to drive the vehicle's
six degrees of freedom. This intrinsic characteristic makes
the longitudinal and lateral movements to be dependent,
respectively, on the pitch and roll angles. As a consequence,
standard gquadrotors have limited dexterity o pass through
narrow openings and cannot hover in an inclined orientation
of instantaneously apply arbitrary forces and torques to
interact with the surrounding environment.

These limitations of the standard quadrotors justifies the
erowing search for constructive configurations of UAVS with
more degrees of freedom and with an increased wrench
capahility. One approach found in the literature consider the
addition of fixed rotors, strategically arranged to generate
thrust in directions of interest [1]. [2]. A second approach
focus on the development of mechanical designs that give
1 the vehicle the ability 1o dynamically change (during the
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flight) the direction of the generated thrust (w.rt the main
body of the wehicle) [3], [4]. [5]. [6]. [7].

Vehicles of the frst group share a common  draw-
back. Their rotors stay underused in some cases. The [I-
BoomCoprer [2] is a standard tri-rotor with an additional
fourblade reversible propeller positioned horizontally o
generate Torward and backward forces. However, this extra
mechanism is only effectively used during the interaction and
do not significantly contribute to the fight. The Gwnicopter
[17 has eight rotors arranged in a way that the vehicle gen-
erates forces and torgues in any direction but, depending on
the movement, some rotors have limited usefulness and also
the downside of generating counteracting fowes, reducing
the efficiency of the vehicle.

In the second group, stand out vehicles such as those pro-
posed in [3] and [4]. In these works mechanisms are added 1o
standard guadrotors, enabling the wtors 1o rotate around the
axis of the arm that connects it to the vehicle’s main body.
Depending on the design, these modifications may result in
a fully actuated vehicle, which enables an omnidirectional
movement. However, not all of them contribute to the total
thrust exerted in the same horizontal direction.

The quad-tiltrotor aerial vehicle presemted in this work
consists essentially in an adaptation of the a standard quadro-
tor with its four rotors laving out in a H-shape configuration.
However, different from a standard quadrotor, this vehicle
has servomotors that actuate tilting the rotors in the lon-
gitudinal direction, Fig. I, In this configuration, when the
rotors ame tiled, the generated thrust has a component in the
lemgitudinal direction. The modification does not resultin an
omnidirectional vehicle (a lateral movement still depends on
the roll anglel. However, such wehicle can provide a high
amount of thrust in the longitudinal direction due to the
contribution of all the four rotoss, increasing the performance
in some particular environment interaction tasks, such as
push an ohject [7].

Works where vehicles with a similar configuration 1o the
quad-tiltrotor presented here are shown in [8], [9]. However,
in these works the vehicles also have wings and the main
ohjective is to combine vertical take-off and landing with
high speeds of longitudinal Right.

The mathematical madel of the svstem proposed in this
paper is oblained by emploving the Eoler-Lagrange formal-
ism and a multibedy approach. The Euler-Lagrange method
provides an economical way of writing the system’s maotion
equations since it involves a minimum set of required coor
dinates. The multibody approach allows us to easily incor-
porate additional interconnected mechanisms to the project
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Abstract

In this work, we present a UAV with an H-shaped structure with four tilt rotors and equipped with a camera.
We develop the complete dynamic model, which is used for numerical simulations. We also design a simplified
dynamic model, which is formulated to facilitate the control system design. In the following, we develop a
control system to UAV tracks feasible trajectories and orientate the camera, even in the presence of external
disturbances and perturbations, such as wind gusts and modeling errors. To control the UAV position, we use
the robust .. contral technigue and a dynamic inverse to compensate for the nonlinearities. To contral the
UAN attitude, rotors inclination, and camera pointing, we use the Generalized Super-Twisting Algorithm cantrol
technique and compensation of the nonlinearities. To analyze the system performance, we realize numerical
simulations, where we verified a satisfactory performance.

Keywords: UAV, H-Shaped Quadrotor, Sliding Mode Control, Robust Control

1. Introduction

The use of unmanned aerial vehicles (UAVs) has been shown very advantageous. Since replacing
the manned aerial vehicles, we can have a cost reduction and perform previcusly unfeasible tasks.
The UAY we use in this work is the H-shaped quad tilt-rotor, which has the four rotors positioned,
forming an H-shape {see Figure[T). With this structure, the UAV has direct actuation in two directions;
which allows it to take off and land vertically and move forward/backward without inclining. This
structure, which is little explored, shows advantages intasks reguiring high speeds or a coupled tool.
An example of a task is surveillance. In this case, besides being composed of vigilant and fixed
cameras, it also would have mobile cameras, increasing the coverage area and adding the possibility
of following a target. Concerning the system structure, we can couple a camera to the UAY body
through a gimbal mechanism, which offers more degrees of freedom for the camera movement. In
this work, we use a gimbal with two degrees of freedom, as shown in Figu rem

Also, we can add robust controllers to the whole system, aggregating robustness in situations in
which the UAV is exposed to external disturbances.

Concerning the control systems, we found few works related to the H-shaped quad titt rotor. In [1],
is developed a control system for an H-shaped quad tilt rotor equipped with a camera aimed for
racing purposes using PID controller, whose gains were tuned through genetic algorithm. Besides, (1]
considered the rotors to move egually.

However, for others UAVs structures, we verify in the literature that control systems is a lot explored
theme. This can be seen in [_-@ where were realized reviews of control technigues applied in
UAWs. In these works, the UAV most used is the quad rotor in X-shape structure. Several control
technigues have been used such as PID [5]. LQR [6]. robust control A.. [7), feedback linearization 8-
[10), backstepping [617]. sliding mode control (SMC) [11H15], and inteligent control system techniques
EE]_ After some analysis of the system response, robustness, and control effort, we concluded that,
in general, the SMC presented the best performance [2H4].
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Abstract. The formation control problem consists of formulating a control law capable of maintaining the UAVy at a
safe distance from each other contralling the UAVy in thetr desived positions during the entire task execulion time, and
ersuring that the UAVS will nos collide with each other Thus, proposing o selution for the formation conteod problem
imvolves different technological challenges, implyving an active research topic. Then, the work aimys fo develop a robst
frormation controld based on the robust control H o methodology for a mulun-UAV system composed by UAVs with 1t rotors.
The approgches used 1o develop the control sysiem are the leader-follower and consensus. The control fow is obtained
considering the methodology of the robust conrol H_. The stability analvsis wses the Lvapunov theory throwgh Unear
mairix inegualiies (LMIs). The resulis were analvzed through nomerical simulations considering a mueli-UAV composed
of twer wirtted Teaders and six followers. In the resulis, if is possible tooverdly that the formation could beep the desired
shape during the tosk execution ime. Then, the contral svarem proposed could lead o the work objective achievement,

Keywords: UAVs, Formation contrel, Reduss controller
1. INTRODUCTION

Unmanned serial vehicles (UJAVs) have been atiracting the attention of researchers because of the many advantages
they offer in various domains. These aeral robots enable access o locations otherwise unreachable (o humans, whether
becanse of securily concerns or insccessibility. While UAV systems already possess inherent advantages, leveraging
multiple UAVs collaboratively in the same task brings further benefits, including enhanced fault tolerance. flexibility. and
time efficiency.

The study of multi-UAY systems is a prominent research topic that has received extensive attention. These svstems are
inherently complex and encompass various technological challenges. Developing multi-UAV systems involves addressing
decision-making. path planning, control, and communication subsystems. This work specifically focuses on the contral
aspect. Controlling multi-UAY systems entails managing formation control, which pertains to effectively shaping the
UAVs to track desired positions or frajectories,

Warious approaches have been employed to address the formation control problem, including virtual-strocture (Lin
et al,, 2009, 20200, leader-follower (Dong et af., 2006; He er af, 2008, Ai and Yu, 2009; Dong ef al., 2018; Yan and Ma,
2020; Kartal ef al., 2020; Wang et wl, 2021}, behavior-based (Oh et ai, 200 7), and consensus methods (He e al., 2018;
Liw et al,, 2019; Wang ef al., 2021).

The virtual-structure approach utilizes a guiding virtual structure to ensure all agents meet formation constraints,
Similarly, the leader-follower approach designates a leader o fulfill this role. While hoth methods require complete
information ahout the virtual structure or leader, respectively, they offer good control capabilities and are widely utilized.
However, they need more inflexibility, posing challenges for formation members 1o navigate around obstacles.

In contrast. the behavier-based strategy establishes desired behaviors for Tormation agents. including callision avoid-
ance, formation reconfiguration. formation maintenance, and trajectory racking (Oh et al. 2015; Yang and Hu, 2020,
This approach adapts well e environmental changes due o its behavioral foundation. Additionally, the computational
complexity remains the same with the addition of more robots since agents do not require global interaction. However,
stability analysis becomes complex as this control strategy relies on something other than the system’s kinematics or
dymamics {Ahn, 2020).
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Robust Control H,, of Computed Torque for

Manipulators
Thamins L. Costa, Fabian A. Lara-Molina, Aldemir A. Cavalini Jr e Erik Taketa

Abstract— This paper aims at addressing the synthesis
application of robust control technigue in a manipulator based
on LMIs (Linear Matrix Inequalities) in order to minimize the
H.. norm by taking into acconnt the uncertain parameters of the
manipulator. The control strategy is based om the compute
torgque control scheme that & composed of two control loops. The
inner loop aims at linearizing the nonlinear robot dynamics using
feedback linearization. The outer loop tracks the desired
trajectory based on a PIN controller, which is robustified apainst
uncertain  parameters and neglecting dynamics. The robust
control technique is applied in a two degrees of freedom planar
manipulator and the numerical results show the benefits of the
robustified control strategy in the dynamical performance in
terms of tracking accuracy, disturbance rejection and nncertain
parameters.,

Keywords— Robot control, Robust control, Manipulator,
Uncertainty, Computed Torque Control

I INTRODUCAD

ANIPULADORES robiticos tém sido  amplamente

utilizados em diversas dreas tais como sstemas de
manufatura, aplicagdes médicas ¢ dispositivos para busca e
resgate  entre outras., Estas  aplicagies demandam  dos
manipuladores a execugio de movimentos especificos com
alta precisio ¢ confiabilidade. Mo entanto, diversos fatores tais
come ruide nos  sensores, comportamente  dindmico  ndo
modeladas ¢ incertezas paramétricas afetam o desempenho dos
manipuladores. Uma solugio para esta problemitica & projetar
sistemas de controle para os manipuladores que permitam
aprimorar o desempenho dindmico destes ¢ assim aprimorar a
execucio de suas fungdes [1].

As leis de controle de um manipulador em pera baseianese
no modele, portanto a firmulagio do modelo dindmico e a
identificagio de seus parimetros sio fndamentais no projeto
dos controladores. No entanto, o modely & uma representaciio
matenitica que aproxima a dindmica do sistema real. Assim,
efeitos  dindmicos  existentes no sistema podem ser
neglipenciados no modele dindmice e por conseguinte
deteriorar o desempenho do controlador. Adicionalmente, os
métodos de identificagio dos parimetros apresentam como
resultados  pequenos  erros  associados  aos  pardmetros
identificados. Neste contexto, duas estratégias de controle tém
side  wtilizadas no controle dos manipuladores:  controle
adaptative e controle robusto [2]. Consequentemente, &
necessdrio formular leis de controle robustas, a fim de lidar
com comportamentos dindmicos ndo modeladas e incertezas
AL iCas.
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Neste sentido, diversos trabalhos tém side desenvolvidos
com o propdsito de robustificar os controladores de posigio
dos  manipuladores.  Fundamentalmente, cinco  abordagens
principais tém sido utilizadas para o controle robusto de
manipuladores [3]: i) controle linear multivaridvel: no qual as
especificacies de desempenho linear estio disponiveis e o
projeto da len de controle garante robustez: i() controladores
passivos:  ficels  de  implementar, o entanto,  ndo
proporcionam medidas de desempenho  quantificiveis, (i)
controladores  de  estrutura varddvel:  utilizados  em
manipuladores com elos ou junias flexiveis para fzer freme ds
vibragbes: i) controladores de saturacio minimizar erros
transientes: ¢ v)  controladores  whustos  adaptativos,
Considerande a abordagem linear multivaridvel diversos
autores 1&m projetado controladores lineares e baseiam-se em
mandelos  lineares com  perturbaghes ndo lineares [4]-6].
Também o contwle inteligente baseade em controladores

Suzy e redes neurais tém sido ofilizados nesta abordagem [7],

[B] juntamente com técnicas de controle linear robustificadas
tais como controle preditive peneralizado robustificadoe |9
entre oulras.

Este trabalho tem como objetive apresentar uma abordapem
alternativa no controle linear multivaridvel robusto. Neste
trabalhe, apresenta-se uma  lei de controle de  torque
computade  robustificada  mediante LMIs  (Desigualdades
Matriciais Lineares) que visa minimizar o custo A [10]. A lei
de controle proposta permite a inclusio das  incertezas
paramétricas ¢ dinimicas nio modeladas em nm model linear
equivalente utilizado no projeto do controlador. Para isto, as
incertezas  paramétricas o modeldas  como  varidveis
aleatdrias, e o modelo apropriado para o projewo  do
controlador robusto & obtido mediante a simulagio de Monte
Carlo que permite determinar a representagdo com incertezas
poelitdpicas do sistema. Esta representacio ¢ adicionada nas
LMIs ¢ posteriormente o controldor mobusto & obtide pela
minimizagio da norma H_ .

O restarte deste atrigo estd orpanizado em seis segoes. O
monde lo dindmico do manipulador é apresentado na segio 11 A
segido I apresenta o controle de torque computado com
incertezas  paramétricas ¢ dindmicas ndo  modeladas. A
moedelagem ¢ quantificagio das incerfezas paramétricas no
controle de torque computade apresenta-se na se¢io IV, O
projeto do controle robusto para o rastreamento de trajetdrias
apresenta-se na segdo V. A avaliagio do desempenho do
controlador proposto mediante simulagio computacional &
apresentada na segido VI Finalmente, segio VII apresenta as
conclusies e os trabalhos futuros.

1. MODELO DINAMICO DO MANIPULADOR

O model dindmico do manipulader pode ser obtido
mediante a equagio de Euler-Lagrange [2] com a finalidade de
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Elastodynamic Performance of a Planar Parallel
Mechanism Under Uncertainties

Fabian Andres Lara-Molina™) | Edson Hideki Koroishi',
and Thamiris Lima Costa®

! Department of Mechanical Engineering, Federal University of Technology - Parand,
Cornélic Procopio, PR, Brazil
fabianmolina@ut fpr.edu . br
: Department of Automation and Systems (DAS),

Federal University of Santa Catarina. Floriandpolis, SC, Brazil

Abstract. The analvsis of the elastodynamic performance of the par-
allel mechanisms is pecessary for their optimal design. This paper aims
at evaluating the elastodynamics of a planar parallel mechanism with
fexible joints subjected to uncertainties. Therefore, the elastodynnmic
performance is analyzed over the design space that considers all the pos-
sible combinations of the lengths of the links of the mechanism. The
uncertainties in the stiffness of the active joints are modeled as random
variables. The elastodynamic performance subjected to uncertainties is
evaluated numerically by using the Monte Carlo Simulation.

Keywords: Parallel manipulator + Elastodynamics « Uncertainties

1 Introduction

The dastodynamic performance of the parallel mechanisms with flexible ele-
ments is an important issue mainly for their mechanical design and also for the
development of new control algorithms [11].

In this direction, the parallel mechanisms with flexible links or flexible joints
have been extensively studied. Thus, several works have been focused on the
optimal design procedure [1], analysis of the elastodynamic performance [7] and
development of motion control laws [11] among other important aspects of par-
allel mechanism with flexible elements. In the other hand, several contributions
have studied the effect of uncertainties in parallel mechanisms [5,6].

Specifically, this contribution presents a novel study in order to analyze the
elastodynamic performance of a planar parallel mechanism with flexible active
Jjoints by considering uncertainties in the stiffness parameters. Initially, the analy-
sis of the elastodynamics is based on the complete kinematic and dynamic model
of parallel mechanism that is formulated taking into account the flexible joints.
Then, the uncertainties are modeled as random variables and they are included
in the stiffness of the active joints. The elastodynamic criterion is formulated
based on the dynamic model. Finally, the elastodynamic performance subjected

) Springer International Publishing AG 2018
M. Carvalho et al, (eds), Multibody Mechatronic Systems,
Mechanizms and Machine Science 54, DOL 101007 fOTE3-31 6TR6T-1_17
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Formation tracking control of multiple UAVs in
the presence of communication faults

Thamiris Costa', Ebrabim EI'Youssef®, and Edson De Pieri®

! Federal University of Santa Catarina, Automation and Systems Department,
Floriandpolis SO, Brazil,
thapiriscostaligmail . com,
? Federal University of Santa Catarina, Awtomation and Control Engineering and
Computation Department, Blumenan, 30, Brazil

Abstract. When working in cooperation, mmltiple Unmanned  Aerial
Vehicles | Multi-UAVs) systems bring many advantages for task achieve-
ment. Among the technology ivolved in these systems is the control of
the system movements. Controlling multi-UAV systems is an emerging
topée in robotics and control commumities. In the literature, this problem
is known as formation contrel, and it & about managing the UAYs in such
a way that they maintain a specific pattern to accomplish an assigned
mission, This work proposes a lrmation control system based on the vir-
tual structure method. We propose a distributed control law that aims
to make the 1AV track the virtual-leader trajectory and achieve a con.
sensus with its peighbors. The agents may lose communication with the
virtual structure by modeling a control law with parametric uncertainty.
Stability analysis wses Linear Matrix Inequalities (LMIs) and considers
commmication losses with the virtual structure. To verify the system
performance, we test different scenarios assuming that the agents lose
commumication with the virtual structure, keeping only the consensus
controd law, The resulis show that the formation control system is stable
even in case of los of communication with the virtual structure.

Keywords: UAV, Formation control, LMIs, Parametric uncertainties

1 Introduction

Multi-1TAVS systems are composed of multiple UAVs working together to achibewe
a commeon goal. In such seenarios, UAVs exhibit collective intelligence from their
interactions with neighboring agents. The technology behind swarm systems
Involves algorithms responsible for task allocation, fight coordination, trajectory
planning, and inter-agent communication, which inerease aystem antonomy amd
reduce human involvement.

Controlling a multi-UAV system involves governing the TTAVs to achieve their
ohjectives collaboratively, and its specific formulation depends on task requive-
ments. One requirement is achieving and maintaining the multl-UAV system
within a particular structure, known as formation control.
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Climbing Robot Inspired by Inchworms: Adaptable for
Tubular and Flat Surfaces with Multi-Plane Work
Capability

Saulo Melotti, Brenno Domingues, Eduardo Kamitani, Verdnica Pazda, Thamirnis
Costa, Amanda Fusinato, Doglas Megri, Diego de Souza, Ismael Secco, and Luis
Gonzaga Trabasso

SEMAI Innowation Instinse for Manufacnering Systems, B Armo Waldemar Dishler, 308 - Santo
Antdate, Joinville, SC 89218153, Brazil
saulo.melottifsc. senai.br

Abstract. In numerous indisines, the execution of high-rise tasks necessitates
robots equipped with climbing capabilities o reduce himan sk exposure (HRE)
amd meet Environmental, Social, and Governance (ESG) metrics. In response 1o
these demands and drawing inspiration from the climbing behavior observed in
animals like inchworms, we have desagned an innovative inchworm-lke robot.
Feansring a 6-degree-of-freedom (DOF) configuration and permanent magnetic
adhesaon feet, the robot's adbesion i3 enlanced by the ability o wogele the mag-
nets on and off through magnetie pack rotation. Thas versanile design enables the
robat mod only 1o mcend vardous surfaces but also o dymamscally adjust s work-
ing plane—a erucial advamage for navigating whalar environments and scaling
Truss slruclures.

Keywords: Inchworm, Bio-inspired Robot, Wall Climbing Robaot, Pipe Climb-
ing Robot, ROS

1 Introduction

Climbing robots play a crucial role in tackling tasks that pose risks to human safety
in high-altitude and hard-to-reach environments. Their applications span various in-
dustries, including bridge inspection, high-rise building cleaning, fruit picking, high-
altitude rescue operations, and many others [1].

Extensive research has been dedicated o climbing robots, resulting in numerous
experimental models. Key considerations in their design include locomotion and adhe-
sion methods, Adhesion is critical for climbing diverse surfaces. with methods ranging
from magnetic and air pressure adsorption to claw grasping and electrostatic adsorp-
tion. Meanwhile. locomotion mechanisms are categonzed as active, relying on internal
power, or passive, utilizing external power sources like hoists and winches. Active lo-
comaotion types include wheeled, legged, tracked. inchworm, and hybrid vaneties, each
offering distinct advantages in maneuverability and versatility [1].

In the realm of construction and infrastructure maintenance. the use of truss-based
structures is prevalent in vanous applications such as communication towers and oil

6 Conclusao

Este memorial apresentou uma trajetéria académica e profissional pautada pela dedicagao
a pesquisa e ao ensino nas areas de controle, automacao e sistemas. Desde a graduacgao até a
conclusao do doutorado, busquei aprofundar meus conhecimentos por meio do desenvolvimento
de solugoes inovadoras, da publicagao de resultados relevantes e da atuagao em projetos de
pesquisa aplicada.

As experiéncias acumuladas ao longo desse percurso — tanto em ambientes académicos
quanto em centros de inovagao tecnolégica — me proporcionaram uma base solida para atuar
em projetos interdisciplinares e de alto impacto. O interesse continuo por desafios cientificos
e o compromisso com a producao de conhecimento qualificado motivam minha candidatura a
este programa de pods-doutorado, no qual pretendo contribuir ativamente com a comunidade
cientifica.
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