




 
Editora chefe  

Profª Drª Antonella Carvalho de Oliveira 

Editora executiva  

Natalia Oliveira 

Assistente editorial 

Flávia Roberta Barão 

Bibliotecária 

Janaina Ramos 

Projeto gráfico 

Camila Alves de Cremo 

Daphynny Pamplona 

Gabriel Motomu Teshima 

Luiza Alves Batista 

Natália Sandrini de Azevedo 

Imagens da capa 

iStock 

Edição de arte  

Luiza Alves Batista 

 

 

 

 

 

 

 

 

 

 

 

 

2022 by Atena Editora 

Copyright © Atena Editora 

Copyright do texto © 2022 Os autores 

Copyright da edição © 2022 Atena Editora 

Direitos para esta edição cedidos à Atena 

Editora pelos autores. 

Open access publication by Atena Editora 

 

 

Todo o conteúdo deste livro está licenciado sob uma Licença de Atribuição 

Creative Commons. Atribuição-Não-Comercial-NãoDerivativos 4.0 

Internacional (CC BY-NC-ND 4.0). 
 

 

 

O conteúdo dos artigos e seus dados em sua forma, correção e confiabilidade são de responsabilidade 

exclusiva dos autores, inclusive não representam necessariamente a posição oficial da Atena Editora. 

Permitido o download da obra e o compartilhamento desde que sejam atribuídos créditos aos autores, 

mas sem a possibilidade de alterá-la de nenhuma forma ou utilizá-la para fins comerciais.  

 

Todos os manuscritos foram previamente submetidos à avaliação cega pelos pares, membros do 

Conselho Editorial desta Editora, tendo sido aprovados para a publicação com base em critérios de 

neutralidade e imparcialidade acadêmica. 

 

A Atena Editora é comprometida em garantir a integridade editorial em todas as etapas do processo 

de publicação, evitando plágio, dados ou resultados fraudulentos e impedindo que interesses 

financeiros comprometam os padrões éticos da publicação. Situações suspeitas de má conduta 

científica serão investigadas sob o mais alto padrão de rigor acadêmico e ético. 

 

Conselho Editorial 

Ciências Exatas e da Terra e Engenharias 

Prof. Dr. Adélio Alcino Sampaio Castro Machado – Universidade do Porto 

Profª Drª Alana Maria Cerqueira de Oliveira – Instituto Federal do Acre 

Profª Drª Ana Grasielle Dionísio Corrêa – Universidade Presbiteriana Mackenzie 

Profª Drª Ana Paula Florêncio Aires – Universidade de Trás-os-Montes e Alto Douro 

Prof. Dr. Carlos Eduardo Sanches de Andrade – Universidade Federal de Goiás 

Profª Drª Carmen Lúcia Voigt – Universidade Norte do Paraná 

https://www.edocbrasil.com.br/
http://lattes.cnpq.br/4403141053026782
http://buscatextual.cnpq.br/buscatextual/visualizacv.do;jsessionid=3F5E45BABA02C0A0194C23F07DFC8AE3.buscatextual_0
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4138613J6
https://orcid.org/0000-0001-8138-3776
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4276371U0
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4257027Z4&tokenCaptchar=03AOLTBLRQwYrpUQNUiVQs5GKnu0UEeohCfS4gh6VQg4m9OCJBJGP1ipscv6rWqdQAm2ekIryWPICw4nrsj8zRvhV4KOCu_O7fKg8x16A4Q0frQhC4eXdGXjdlfaKY5_iCNOSxZdXwJf6mvSt7LxNHGYgrH3nvQ2GW02NNUnMijTh0P3XD2EKSRa6CPw-zJpSyX79my81mz0XfDpmLx1gKrLlyJOkZoxVmwZiB8Ef2UhunxkIromTYDmWKj1WB7amYH6FeKqP2g_CrxeS9rrMUCSa_TBvxDeuCGoS639pvbI96P_J6DrHpqui_qr2lwFwRESn0FURO5I0vvaS_eoBsIw0NpHkYMlacZ3AG5LBQ6dZCocE8fSPnNTEYLZ920AIxxvFsOztg4UlnlCxNtyQAlLK8yuUExFbn4w


 
Prof. Dr. Cleiseano Emanuel da Silva Paniagua – Instituto Federal de Educação, Ciência e Tecnologia de Goiás 

Prof. Dr. Douglas Gonçalves da Silva – Universidade Estadual do Sudoeste da Bahia 

Prof. Dr. Eloi Rufato Junior – Universidade Tecnológica Federal do Paraná 

Profª Drª Érica de Melo Azevedo – Instituto Federal do Rio de Janeiro 

Prof. Dr. Fabrício Menezes Ramos – Instituto Federal do Pará 

Profª Dra. Jéssica Verger Nardeli – Universidade Estadual Paulista Júlio de Mesquita Filho 

Prof. Dr. Juliano Bitencourt Campos – Universidade do Extremo Sul Catarinense 

Prof. Dr. Juliano Carlo Rufino de Freitas – Universidade Federal de Campina Grande 

Profª Drª Luciana do Nascimento Mendes – Instituto Federal de Educação, Ciência e Tecnologia do Rio Grande 

do Norte 

Prof. Dr. Marcelo Marques – Universidade Estadual de Maringá 

Prof. Dr. Marco Aurélio Kistemann Junior – Universidade Federal de Juiz de Fora 

Prof. Dr. Miguel Adriano Inácio – Instituto Nacional de Pesquisas Espaciais 

Profª Drª Neiva Maria de Almeida – Universidade Federal da Paraíba 

Profª Drª Natiéli Piovesan – Instituto Federal do Rio Grande do Norte 

Profª Drª Priscila Tessmer Scaglioni – Universidade Federal de Pelotas 

Prof. Dr. Sidney Gonçalo de Lima – Universidade Federal do Piauí 

Prof. Dr. Takeshy Tachizawa – Faculdade de Campo Limpo Paulista 

  

http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4220017Y9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4138744E2
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4798868A0
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4252050Z6&tokenCaptchar=03AGdBq26OwUjfczJgpok-DhR78-_tg8mCtuc_kzOdu3fww-XkFeIGpZcxeQYR_lQjlru2zoBp9MaSwp6X-5o2KOEi_vtmcyIPkAOaR-MapG54dWG6zdfo1Am2FWOz1PLOuLmRiuW47XqJnozK7mGtmFri7W6RDjlyxm9gEHId_EG1bhArFgeqBA610tCpbHN9QsbtXAhrYqZkvRe4_gd77e_huLOm8x9zsu0tW2qJ6W6D8Y2GP66SDaz1Yh_QKnR8_TZlh9QtcC-OTeKPi3NB06bIFQNdSxHwLmb5B3ZYCiJ3k4p2cpPl6LkeIreU92cL5nLWqC2yOkPsupmW8RZR8Q0lkAleKMY9Hd3XlmAITir63s6d95SHqdoLA75owrR0nma3vrXxQgT9pkc1QvdCr5-B9vQupl7AAg
http://lattes.cnpq.br/0245575611603731
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4463907J8
http://buscatextual.cnpq.br/buscatextual/visualizacv.do
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4759660E9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4760729J2
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4760729J2
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4751834Y8
https://orcid.org/0000-0001-6850-3825
https://orcid.org/0000-0001-6850-3825
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4235887A8
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4465502U4
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4465502U4
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4794831E6
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4425040A8


 
Collection: applied computer engineering 

 

 

 

 

 

 

 

 
Diagramação:  

Correção:  

Indexação: 

Revisão: 

Organizadora: 

 

Camila Alves de Cremo 

Yaiddy Paola Martinez 

Amanda Kelly da Costa Veiga 

Os autores 

Lilian Coelho de Freitas  

 

 

 

Dados Internacionais de Catalogação na Publicação (CIP) 

C697 Collection: applied computer engineering / Organizadora 

Lilian Coelho de Freitas. – Ponta Grossa - PR: Atena, 

2022. 
  

 Formato: PDF 

Requisitos de sistema: Adobe Acrobat Reader 

Modo de acesso: World Wide Web 

Inclui bibliografia 

ISBN 978-65-5983-859-2 

         DOI: https://doi.org/10.22533/at.ed.592222801 

  

1. Computer engineering. I. Freitas, Lilian Coelho de 

(Organizadora). II. Título.  
CDD 621.39 

Elaborado por Bibliotecária Janaina Ramos – CRB-8/9166 

 

 

 

 

Atena Editora 

Ponta Grossa – Paraná – Brasil 

Telefone: +55 (42) 3323-5493 

www.atenaeditora.com.br 

contato@atenaeditora.com.br 

  

http://www.atenaeditora.com.br/


 
DECLARAÇÃO DOS AUTORES 

 

Os autores desta obra: 1. Atestam não possuir qualquer interesse comercial que constitua um conflito 

de interesses em relação ao artigo científico publicado; 2. Declaram que participaram ativamente da 

construção dos respectivos manuscritos, preferencialmente na: a) Concepção do estudo, e/ou 

aquisição de dados, e/ou análise e interpretação de dados; b) Elaboração do artigo ou revisão com 

vistas a tornar o material intelectualmente relevante; c) Aprovação final do manuscrito para 

submissão.; 3. Certificam que os artigos científicos publicados estão completamente isentos de dados 

e/ou resultados fraudulentos; 4. Confirmam a citação e a referência correta de todos os dados e de 

interpretações de dados de outras pesquisas; 5. Reconhecem terem informado todas as fontes de 

financiamento recebidas para a consecução da pesquisa; 6. Autorizam a edição da obra, que incluem 

os registros de ficha catalográfica, ISBN, DOI e demais indexadores, projeto visual e criação de capa, 

diagramação de miolo, assim como lançamento e divulgação da mesma conforme critérios da Atena 

Editora. 

 

 

 

 

 

 

 

  



 
DECLARAÇÃO DA EDITORA 

 

A Atena Editora declara, para os devidos fins de direito, que: 1. A presente publicação constitui apenas 

transferência temporária dos direitos autorais, direito sobre a publicação, inclusive não constitui 

responsabilidade solidária na criação dos manuscritos publicados, nos termos previstos na Lei sobre 

direitos autorais (Lei 9610/98), no art. 184 do Código Penal e no art. 927 do Código Civil; 2. Autoriza 

e incentiva os autores a assinarem contratos com repositórios institucionais, com fins exclusivos de 

divulgação da obra, desde que com o devido reconhecimento de autoria e edição e sem qualquer 

finalidade comercial; 3. Todos os e-book são open access, desta forma não os comercializa em seu 

site, sites parceiros, plataformas de e-commerce, ou qualquer outro meio virtual ou físico, portanto, 

está isenta de repasses de direitos autorais aos autores; 4. Todos os membros do conselho editorial 

são doutores e vinculados a instituições de ensino superior públicas, conforme recomendação da 

CAPES para obtenção do Qualis livro; 5. Não cede, comercializa ou autoriza a utilização dos nomes e 

e-mails dos autores, bem como nenhum outro dado dos mesmos, para qualquer finalidade que não o 

escopo da divulgação desta obra. 

 



APRESENTAÇÃO

Atena Editora is honored to present the e-book entitled “Collection: Applied Computer 
Engineering”. This volume presents 17 chapters about applications of computer engineering 
in industrial automation, robotics, data science, information security, neuromarketing, 
speech development in children, among others.

We want to take this moment to thank all of our authors for entrusting us with their 
discoveries. We are also grateful to the reviewers and readers who have contributed to the 
success of our books.

Enjoy your reading.
 

Lilian Coelho de Freitas



SUMÁRIO

SUMÁRIO

CAPÍTULO 1..................................................................................................................1
ALIMENTADOR AUTOMÁTICO DE PET UTILIZANDO A PLATAFORMA ARDUÍNO

Márcio Valério de Oliveira Favacho
Vivian da Silva Lobato
Raphael Saraiva de Sousa
Alberto Cauã Trindade da Silva
Denise Nascimento Cardoso
Jamilly da Silva Dias
Jéssica Ferreira e Ferreira
Pedro Afonso Alcântara Negrão
Rízia de Cássia da Fonseca Pereira
Ruam Melo dos Santos
Weliton Quaresma Ferreira

 https://doi.org/10.22533/at.ed.5922228011

CAPÍTULO 2................................................................................................................14
ANÁLISE DE AGRUPAMENTO PARA APRIMORAR A EXTRAÇÃO AUTOMÁTICA DE 
DEMONSTRATIVOS FINANCEIROS COM ESTUDO DE ESCALABILIDADE

Igor Raphael Magollo
Gabriel Olivato
Victor Vieira Ferraz
Murilo Coelho Naldi

 https://doi.org/10.22533/at.ed.5922228012

CAPÍTULO 3................................................................................................................32
AVALIANDO A USABILIDADE DE APLICAÇÕES VOLTADAS PARA A COMUNICAÇÃO 
DE CRIANÇAS COM TEA

Joêmia Leilane Gomes de Medeiros
Welliana Benevides Ramalho
Edinadja Mayara de Macedo

 https://doi.org/10.22533/at.ed.5922228013

CAPÍTULO 4................................................................................................................47
CONTROLE E MONITORAMENTO AUTOMATIZADO DOS FATORES LIMNOLÓGICOS 
IDEAIS PARA LARVICULTURA DO PTEROPHYLLUM SCALARE (ACARÁ BANDEIRA) 
UTILIZANDO TÉCNICAS DE INTELIGÊNCIA ARTIFICAL

Raphael Saraiva de Sousa
Otávio Noura Teixeira 
Augusto César Paes de Souza 
Márcio Valério de Oliveira Favacho
Renato Hidaka Torres

 https://doi.org/10.22533/at.ed.5922228014

CAPÍTULO 5................................................................................................................63
GESTIÓN DE RIESGOS Y CONTINUIDAD DEL NEGOCIO SOBRE LA SEGURIDAD 



SUMÁRIO

INFORMÁTICA EN EL SECTOR RETAIL EN MÉXICO
José Eduardo Mendoza Macias
Emigdio Larios Gómez

 https://doi.org/10.22533/at.ed.5922228015

CAPÍTULO 6................................................................................................................73
IAÇÁ – OTIMIZAÇÃO DO PROCESSO DE EXTRAÇÃO DA POLPA DE AÇAÍ UTILIZANDO 
A PLATAFORMA ARDUÍNO

Márcio Valério de Oliveira Favacho
Vivian da Silva Lobato
Adenildo da Conceição Silva da Silva
Ana Flavia Dias da Silva
Ian Castro Marinho da Silva
Leonan Gustavo Silva Rodrigues
Lilian Raquel de Campos Cardoso
Marily Luciene Pantoja Costa
Nayra Pereira Ferreira
Paulo Vitor Melo Amaral Ferreira
Rodrigo Figueiró Santana

 https://doi.org/10.22533/at.ed.5922228016

CAPÍTULO 7................................................................................................................84
LINGUAGEM DE DOMÍNIO ESPECÍFICO PARA A AUTORIA DE APLICAÇÕES PARA TV 
DIGITAL

Lucas de Macedo Terças
Daniel de Sousa Moraes
Carlos de Salles Soares Neto

 https://doi.org/10.22533/at.ed.5922228017

CAPÍTULO 8................................................................................................................95
NEUROMARKETING APLICADO AO EMOCIONAL BRANDING 

Maiara Bettu
Vanessa Angélica Balestrin

 https://doi.org/10.22533/at.ed.5922228018

CAPÍTULO 9.............................................................................................................. 111
PROPOSTA DE METAMODELOS DE GEOVISUALIZAÇÃO COM RECURSOS 
ADAPTÁVEIS

Ítalo Moreira Silva
Alexandre Carvalho Silva
Camilo de Lellis Barreto Junior
Diogo Aparecido Cavalcante de Lima

 https://doi.org/10.22533/at.ed.5922228019

CAPÍTULO 10............................................................................................................ 116
SISTEMA INTEGRAL AUTOMATIZADO DE SEGUIMIENTO DE EGRESADOS Y 



SUMÁRIO

EMPLEADORES
Leonor Angeles Hernández
Mónica Leticia Acosta Miranda
Daniel Domínguez Estudillo
Edi Ray Zavaleta  Olea
José Arnulfo Corona Calvario

 https://doi.org/10.22533/at.ed.59222280110

CAPÍTULO 11............................................................................................................126
STRENGTH PREDICTION OF ADHESIVELY-BONDED JOINTS WITH COHESIVE LAWS 
ESTIMATED BY DIGITAL IMAGE CORRELATION

Ulisses Tiago Ferreira Carvalho
Raul Duarte Salgueiral Gomes Campilho

 https://doi.org/10.22533/at.ed.59222280111

CAPÍTULO 12............................................................................................................140
TAGARELAPP: PROTÓTIPO DE INTERFACE CENTRADO NA USABILIDADE PARA O 
DESENVOLVIMENTO DA FALA E COMUNICAÇÃO DE CRIANÇAS COM TEA

Joêmia Leilane Gomes de Medeiros
Welliana Benevides Ramalho
Edinadja Mayara de Macedo

 https://doi.org/10.22533/at.ed.59222280112

CAPÍTULO 13............................................................................................................152
ESTRATEGIA DE MIGRACIÓN DE UN SISTEMA LEGADO UTILIZANDO LA 
METODOLOGÍA “CHICKEN LITTLE” APLICADA AL SISTEMA DE BEDELÍAS DE LA 
UNIVERSIDAD DE LA REPÚBLICA DE URUGUAY  

Cristina González
Mariela De León

 https://doi.org/10.22533/at.ed.59222280113

CAPÍTULO 14............................................................................................................169
INTRODUÇÃO A ANÁLISE FORENSE COMPUTACIONAL: DETECTANDO ROOTKITS 
EM AMBIENTE WINDOWS

Thiago Giroto Milani
Ricardo Slavov

 https://doi.org/10.22533/at.ed.59222280114

CAPÍTULO 15............................................................................................................191
USO DAS TICS COMO METODO PARA ELABORAR TRABALHO RECEPCIONAL E 
PLATAFORMA PARA A AUTOMATIZAÇÃO DE FORMATOS DE ESTADIAS

Eloína Herrera Rodríguez
Sonia López Rodríguez 
Claudia Galicia Solís

 https://doi.org/10.22533/at.ed.59222280115



SUMÁRIO

CAPÍTULO 16............................................................................................................209
NARRATIVAS ACADÊMICAS EM PESQUISA: MÁQUINAS DE GUERRA VIRTUAIS

Angeli Rose

 https://doi.org/10.22533/at.ed.59222280116

CAPÍTULO 17............................................................................................................218
OPTIMIZATION BASED OUTPUT FEEDBACK CONTROL DESIGN IN DESCRIPTOR 
SYSTEMS 

Elmer Rolando Llanos Villarreal
Maxwell Cavalcante Jácome
Edpo Rodrigues de Morais
João Victor de Queiroz 
Walter Martins Rodrigues

 https://doi.org/10.22533/at.ed.59222280117

SOBRE A ORGANIZADORA ...................................................................................225

ÍNDICE REMISSIVO..................................................................................................226



 
Collection: Applied computer engineering Capítulo 17 218

Data de aceite: 10/01/2022

CAPÍTULO 17
 

OPTIMIZATION BASED OUTPUT FEEDBACK 
CONTROL DESIGN IN DESCRIPTOR SYSTEMS 

Elmer Rolando Llanos Villarreal
Centro de Engenharia, Modelagem e Ciências 

Exatas e Naturais, UFERSA
Mossoró, RN

Maxwell Cavalcante Jácome
Engenharia 
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Edpo Rodrigues de Morais
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João Victor de Queiroz 
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Walter Martins Rodrigues
Centro de Ciências Exatas e Naturais, UFERSA

Mossoró, RN

ABSTRACT: This article proposes an algorithm 
to minimize the Frobenius norm of output 
feedback matrix of a regular, linear time invariant, 
continuous time descriptor system. The resulting 
gain matrix ensures that the closed loop system 
is impulse-free and the associated non singular 
matrix is well-conditioned. By characterizing a 
subset of the set of non singular matrices through 
a linear matrix inequality, the related optimization 
is formulated as a semi-definite program. 
KEYWORDS. Output Feedback, Descritor 

Systems, Stabilization. 

RESUMO: Este artigo propõe um algoritmo para 
minimizar a norma de Frobenius da matriz de 
feedback de saída de um sistema descritor de 
tempo contínuo, regular e invariante no tempo 
linear. A matriz de ganho resultante garante que 
o sistema de malha fechada seja livre de impulso 
e a matriz não singular associada seja bem 
condicionada. Ao caracterizar um subconjunto do 
conjunto de matrizes não singulares por meio de 
uma desigualdade de matriz linear, a otimização 
relacionada é formulada como um programa 
semidefinido.
PALAVRAS-CHAVE: Feedback de saída, 
sistemas descritores, estabilização.

1 | 	INTRODUCTION 
This paper deals with the problem 

of stabilization by static output feedback for 
linear descriptor systems. Remind that an n−
dimensional descriptor system consists of 
a mixture of n−q algebraic equations and q 
first order diferential equations. Descriptor 
systems arise naturally in the modelling of 
several dynamical systems commonly used in 
engineering ap- plications, such as biological 
system, power systems and other interconnected 
systems [12]. Besides guaranteeing the closed-
loop asymptotical stability, two other properties 
are de- sired in practice:  closed-loop regularity 
and absence of impulsive behavior.  The problem 
of computing a suitable static output feedback, 
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from which these closed-loop propierties are verified, is called simply stabilization problem. 
These three desired properties can be described in terms of the closed-loop eigenstructure: 
(i) the asymptotic stability is equiva- lent to have all the finite poles in the left half complex 
plane; (ii) the absence of impulsive modes is equivalent to have q finite closed-loop; and 
(iii) the regularity is guaranteed if the system is impulse-free. Thus, the necessary and 
sufficient conditions for the existence of a S-stabilizing output feedback are obtained as a 
set of coupled (generalized) Sylvester equations in [9], [7] . In case of normal systems, it 
is shown that output stabilizable (C, A, B)-invariant subspaces are obtained through a pair 
of coupled Sylvester equations for systems verifying Kimura’s condition, thus two algorithm 
are proposed to solve the coupled Sylvester equations in [6], [14]. 

Since the impulsive response is undesirable in practical applications. One of the 
ef- fective ways to eliminate impulses from a linear time invariant (LTI) descriptor system 
is by designing a suitable output feedback matrix that reduces the nilpotent index to one or 
strangeness index to zero (see [12], [9], [10] and the references therein). In the process, 
one has to select a output feedback gain matrix such that an appropriate sub-matrix,  in 
the closed loop, would be non singular. It has been shown in [12], [9] that the inverse of 
resulting non singular matrix plays important role while designing a output feedback control 
for assigning the closed loop finite poles at appropriate locations in the complex plane. 
Hence, the non singular matrix should be well-conditioned to avoid numerical er- rors in 
the finite pole placement. The choice of feedback output matrix that eliminates impulses 
from the response of a descriptor system is not unique [12], [10], [9]. On the other hand, 
a limited magnitude of control signal can be provided to the actuators and the cost of the 
actuator grows quickly with increasing the amplitude of control signal. Since the control 
signal amplitude is directly proportional to the norm of the output feedback ma- trix, the 
minimum norm output feedback matrix satisfying the desired objectives would be preferable 
[13]. 

In this article we propose a convex algorithm to minimize the norm of output feedback 
matrix for an LTI regular descriptor system, ensuring that i) the response of the closed loop 
system is impulse free and ii) the associated non singular matrix is well-conditioned. To 
obtain a well-conditioned non singular matrix, we formulate a linear matrix inequality (LMI) 
optimization that minimizes the largest singular value and maximizes the smallest singular 
value of non singular matrix, simultaneously. Although there are several existing algorithms 
for impulse elimination, to the best of our knowledge, no results in the literature available 
that combines the above objectives and formulated it as a convex optimization in [8]. Rest 
of the paper is organized as follows. In Section II we formulate the problem following to 
some preliminaries on descriptor systems. In Section III we formulate the optimization to 
minimize the norm of output matrix, while at the same time improve the condition number of 
associated non singular matrix. Finally, we conclude in Section IV . 

Notations: The set of all m × n constant real matrices is denoted as Rm×n. In stands 
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for an identity matrix of size n  × n. The Frobenius norm of A ϵ Rm×n is denoted as ||A||K, and  
defined as ||A||K  :=  A > 0 (A ≥ 0) denotes that A is a symmetric positive 
definite (symmetric positive semi-definite) matrix.

2 | 	PROBLEM FORMULATION 
Let us consider an LTI continuous time descriptor system represented by the 

following equation:

where, if algebraic constraints are present, E ϵ Rn×n is singular, A ϵ Rn×n, and B ϵ Rn×m, 
x : R −→ Rn is the state vector with initial condition x(t0) = x0 and u : R −→ Rm is an input to 
the system. We assume that system (1) is regular, i.e., there exists a complex number s ϵ 
C such that det(sE − A) ≠ 0 (where det() stands for determinant of a matrix). We refer to the 
roots of polynomial det(sE − A) as finite poles of system (1). Furthermore, we assume that 
system (1) is impulse controllable and the involved matrices have appropriate dimensions. It 
is also assumed that B is full column-rank, C is full row-rank and that (C, A, B) is stabilizable 
and detectable.

The studied problem is to find a static output feedback control law

such that σ(E, A + BKC) ϵ C− or, equivalently, the closed-loop system is asymptotically 
stable. Considered the system

Let V ϵ Rv×v  be such that span(V ) = V and T ϵ Rn−v×v  be a left annihilator of V, i.e, 
KerTE = ImV. The following theorem relates the existence of a stabilizing static output 
feedback control law (3), to the solution of two coupled Sylvester equations. The system (4) 
is impulse controllable, i.e. rank[E AS∞ B], where the coluns of the matrix S∞ span the kernel 
of E. Then there exists a output feedback K such that u = Ky where K ϵ Rm×p, such that the 
closed loop system:

would be impulse free, equivalently,

is impulse-free and the matrix HK = ϵ Rn×n is non singular. Since E1 is 
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full row rank: rank(E1) = q, there exists an orthogonal matrix W ϵ Rn×n such that HW := HW 
would be in the following form (obtained by QR decomposition): HW= W= , 
where  E ϵ Rq×q is non singular and A22 ϵ Rn−q×n−q. Now, by defining the output feedback matrix 
K as follows: K = [0 K2C2] WT, where K2 ϵ Rn−q×n−q, we obtain the following relation: HKW =

W+ W  , where A22 + B2K2C2 ϵ Rn−q×n−q. Note that the matrix 
E11 is non singular, and hence to make the closed loop system impulse-free we have to 
ensure that det(A22 + B2K2C2) ≠0. Furthermore, it is demonstrated in [12], [9] that the inverse 
of matrix A22 + B2K2C2 is needed while computing output feedback matrix for assigning 
the closed loop finite poles at appropriate locations in the complex plane. Hence, to avoid 
numerical errors in the finite pole placement, special care must be taken while computing 
K2C2, so as to ensure that A22 + B2K2C2 is well-conditioned. In this context, the problem of 
interest can be precisely posed as follows. 

Problem 1: Find inf ||K||K such that i) response of the closed loop system (6) is 
impulse-free that is, det(A22 + B2K2C2)≠ 0 and ii) the condition number of A22 + B2K2C2 is 
small. 

3 | 	CONTROLLER DESIGN 
In this section we formulate a semi-definite program to compute a desired output 

feedback matrix K which will ensure that the closed loop system (6) is impulse free and 
such that the matrix A22 + B2K2C2 is well-conditioned. For this purpose, let us define a set N 
as follows:

Problem 2: Find minK2ϵN ||K||K such that the matrix A22 + B2K2C2 is well-conditioned. 
Note that Problem 2 is a non-convex optimization since the set N is non-convex. To con- 
vexity the problem we establish a sufficient condition on K2 in the following result based in 
[8] . 

Theorem 3.1. Let us denote AK2 = A22 + B2K2C2. If K2 satisfies following condition:

for some positive β then AK2 ϵ R(n−q)×(n−q) is non singular.
Proof: According to the Schur complement relation, (9) can be written as follows:

⇒ sn(AK2) ≥λmin(  (AK2 + AT
K2 )) > β2 where sn(AK2) is the smallest singular value of 

AK2 and λmin(  (AK2 + AT
K2 )) is the minimum eigenvalue of  (AK2 + AT

K2 ). Since the smallest 
singular value of AK2 is greater than zero, the matrix AK2 is non singular. This completes the 
proof.
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Note that Theorem (3.1) defines a sufficient condition on K2 such that the matrix AK2 
is non singular. Additionally, inequality (9) is an LMI in β and K2. Let us define a set M as 
follows:

Then, M is a convex set; furthermore, M ⊆ N . Hence, instead of using a non convex 
set in Problem 2, we perform optimization over a convex set M. Next, we discuss on 
formulating a semi-definite program to minimize ||K||K.

Let us denote ki
T for i = 1, 2, . . . , m as the ith row of K2. Then, ||K||K can be minimized 

resulted in a positive scalar λ which satisfies an LMI:

where k = [kT
1 , kT

2 , . . . , kT
m ]T . This can be seen as follows: applying the Schur 

complement formula, we have

Since W is orthogonal, we can write 

Hence, to compute minimum norm K that eliminate impulses from the response of 
the closed loop system (4), we formulate the foll o  wing conveTx optimization:

Problem 3: Find mink,β,λλ subject to i) 
0 for β > 0.

The solution of Problem 3 will produce a non singular matrix A22 + B2K2C2, and hence 
the closed loop system (4) would be impulse-free. However, with this setting, since we are 
allowing β to take any arbitrary small positive number, the smallest singular value of AK2 
(sn(AK2)) will also be very small. Then, the condition number of AK2,

where s1(AK2) is the largest singular value of AK2, would be very large, and hence 
the resulting non singular matrix AK2 might be ill-conditioned. We formulate an optimization 
where sn(AK2) is maximized and s1(AK2) is minimized simultaneously. This strategy will 
help us in improving the condition number of AK2. We have already shown in Theorem 1  
that sn(AK2) ≥ β2, and hence maximization of β will maximize AK2. Now, we will show that 
minimization of λ essentially reduces the maximum singular value of AK2 (s1(AK2)). Note that 
s1(AK2) can be written as follows:



 
Collection: Applied computer engineering Capítulo 17 223

and hence s1(AK2) can be reduced by minimizing λ. The above inequalities follows 
from [11, Theorem 3.3.16]. Hence, a relaxed optimization associated with Problem 2 can be 
formulated as follows:

Problem 4:  Find maxk,β,λβ − λ subject to i) 

Since the constraints (i) and (ii) in Problem 4 are LMIs and the objective function is 
linear, it is an LMI optimization problem, and hence can be solved by existing standard LMI 
solvers see [8]. Once K2 is computed by solving Problem 4, the desired matrix K, which 
makes the closed loop system (4) impulse free, can be obtained from the relation (7). The 
optimization Problem 4 is always feasible since we have assumed that the system (1) is 
impulse controllable.

Remark 3.1. Recall that the set N , defined in (9), is a non convex set. Hence, to 
convexity the related optimization we compute a set M, in (9), which is a convex subset of N, 
and perform optimization over M. As a result the optimal (sub-optimal) solution of Problem 
4 is an upper bound for the minimum value of ||K||K. In the following section we consider a 
numerical example to verify the effectiveness of the proposed approach. 

4 | 	CONCLUSION 
In this work we develop a novel algorithm to compute a output feedback matrix for 

an LTI regular descriptor system to eliminate impulses from the response. We represent a 
subset of the set of non singular matrices by an LMI, which enables to formulate the asso- 
ciated problem as a semi-definite program. We demonstrated through numerical example 
that the objective of only minimizing the norm of gain matrix might produce numerical errors 
while assigning the closed loop finite poles. This difficulty is then overcome by defining a 
cost function which simultaneously minimizes the norm of gain matrix and im- prove the 
condition number of the associated non singular matrix. The proposed method can be 
extended in the direction of developing a convex algorithm to minimize the norm of output 
feedback matrix for assigning the finite poles at i) some fixed locations ii) within a stability 
region in the complex plane. These objectives are under current investigation. 
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