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Grupo de Pesquisa CNPq  Grupo de Pesquisa CNPq  
LARA LARA 
Lab. de Automação e RobóticLab. de Automação e Robóticaa

�� LARALARA
•• RobóticaRobótica

•• Ambientes InteligentesAmbientes Inteligentes

�� Lab. Lab. AeroAero--EspacialEspacial

�� Lab. Robótica AéreaLab. Robótica Aérea

�� Lab. Automação ProcessosLab. Automação Processos

�� Lab. Ensino CSD/Lab. Ensino CSD/CDigCDig

ResponsáveisResponsáveis

•• Prof. Prof. GeovanyGeovany A. BorgesA. Borges

•• Prof. Adolfo Prof. Adolfo BauchspiessBauchspiess

•• Prof. Renato A. BorgesProf. Renato A. Borges

•• Prof. Henrique C. FerreiraProf. Henrique C. Ferreira

•• Prof. Eduardo S. Prof. Eduardo S. TognettiTognetti



A. Bauchspiess - Laboratório de Automação e Robótica , Dep. de Eng. Elétrica – Universidade de Brasília - Brasil



A. Bauchspiess - Laboratório de Automação e Robótica , Dep. de Eng. Elétrica – Universidade de Brasília - Brasil



A. Bauchspiess - Laboratório de Automação e Robótica , Dep. de Eng. Elétrica – Universidade de Brasília - Brasil



A. Bauchspiess - Laboratório de Automação e Robótica , Dep. de Eng. Elétrica – Universidade de Brasília - Brasil



A. Bauchspiess - Laboratório de Automação e Robótica , Dep. de Eng. Elétrica – Universidade de Brasília - Brasil



A. Bauchspiess - Laboratório de Automação e Robótica , Dep. de Eng. Elétrica – Universidade de Brasília - Brasil



A. Bauchspiess - Laboratório de Automação e Robótica , Dep. de Eng. Elétrica – Universidade de Brasília - Brasil



A. Bauchspiess - Laboratório de Automação e Robótica , Dep. de Eng. Elétrica – Universidade de Brasília - Brasil



A. Bauchspiess - Laboratório de Automação e Robótica , Dep. de Eng. Elétrica – Universidade de Brasília - Brasil



A. Bauchspiess - Laboratório de Automação e Robótica , Dep. de Eng. Elétrica – Universidade de Brasília - Brasil

LARA LARA -- Múltiplas Áreas de AtuaçãoMúltiplas Áreas de Atuação

�� Energia Solar (Egito)Energia Solar (Egito)

�� Controle nãoControle não--linear, Caos (Vargas)linear, Caos (Vargas)

�� Identificação de Sistemas (Alex)Identificação de Sistemas (Alex)

�� Qualidade da Energia (Lélio)Qualidade da Energia (Lélio)

�� Engenharia Biomédica (Flávia)Engenharia Biomédica (Flávia)

�� Conversão de Energia (Gerson)Conversão de Energia (Gerson)
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Controle de Processos Industriais

Prof. Eduardo Stockler Tognetti
estognetti@ene.unb.br
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Processos IndustriaisProcessos Industriais
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ProcessoProcesso

�� Transformar matéria prima em produtos, Transformar matéria prima em produtos, 
através de operações fisicas e químicasatravés de operações fisicas e químicas

�� ExemplosExemplos
•• refinaria de petróleorefinaria de petróleo
•• usina de açúcar e álcoolusina de açúcar e álcool
•• amôniaamônia
•• ......
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Indústria PetroquímicaIndústria Petroquímica

RefinariaRefinaria ExtraçãoExtração
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Indústria de Celulose e Indústria de Celulose e 
PapelPapel
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Visão Geral do ProcessoVisão Geral do Processo
de Celulosede Celulose
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Processo PapelProcesso Papel

2222
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RebobinadeirasRebobinadeiras
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Acionamentos IndustriaisAcionamentos Industriais

Acionamento digital Acionamento analógico
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Instrumentos de CampoInstrumentos de Campo

Afeta 
desempenh

o do 
controle

Pressão 
aplicada para 
destrancar

Pontos de 
agarramento

Pressão 
aplicada para 
pequenos 
trancamentos
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Controles de uma coluna de Controles de uma coluna de 
destilaçãodestilação
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PIMS PIMS -- Sistemas de Gerenciamento Sistemas de Gerenciamento 
de Informações de Processo em de Informações de Processo em 

Tempo RealTempo Real
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Sistemas Inteligentes

Prof. Adolfo Bauchspiess
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0-2 years 2 years to puberty Adult

Intelligent SystemsIntelligent Systems
-- Brain as the model !! Brain as the model !! 

Neuron Synaptic ConnectionsNeuron Synaptic Connections -- Learning!Learning!
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FromFrom NaturalNatural IntelligenceIntelligence toto ArtificialArtificial IntelligenceIntelligence

ExEx.. –– DislexiaDislexia??

I cnduo't bvleiee taht I culod aulaclty uesdtannrd waht I 

was rdnaieg. Unisg the icndeblire pweor of the hmuan mnid, 

aocdcrnig to rseecrah at Cmabrigde Uinervtisy, it dseno't

mttaer in waht oderr the lterets in a wrod are, the olny

irpoamtnt tihng is taht the frsit and lsat ltteer be in the rhgit

pclae. The rset can be a taotl mses and you can sitll raed it 

whoutit a pboerlm. Tihs is bucseae the huamn mnid deos not

raed ervey ltteer by istlef, but the wrod as a wlohe. Aaznmig, 

huh? Yaeh and I awlyas tghhuot slelinpg was ipmorantt! See

if yuor fdreins can raed tihs too.
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Simpathic?Simpathic?
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Antipathic?Antipathic?
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-- Incomplete pattern Incomplete pattern --

Brain Interpolation!Brain Interpolation!
-Perception

The Kanizsa square, 1976

35
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Living Living connectedconnected

http://perso.limsi.fr/jps/enseignement/examsma/2004/BHATTI/http://perso.limsi.fr/jps/enseignement/examsma/2004/BHATTI/
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Ambient IngelligenceAmbient Ingelligence

“Provide services to the users of an ambient through  an “Provide services to the users of an ambient through  an 
almost invisible wireless sensor and actuator almost invisible wireless sensor and actuator network”network”
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Cities EvolutionCities Evolution

André de Oliveira Bueno, Julho 2019 – Trilha Smart Cities – The Developer’s Conference

City of neighbors ➛ City of Strangers

The world’s cities occupy just 3% of the Earth’s land,
but account for 60%-80% of energy consumption
and 75% of carbon emissions. Prathombutr – Smart Cities Development in Thailand

https://www.nstda.or.th/nac/2019/images/seminar/26_Smartcity_passakorn.pdf
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@Pinterest

Future Smart City (?)Future Smart City (?)
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Future Smart City (?)Future Smart City (?)

@Pinterest
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GPS + GISGPS + GIS
oo Global Positioning SystemGlobal Positioning System

oo Geographical Information SystemGeographical Information System
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IoT IoT Internet of Internet of EveryThingEveryThing

https://www.researchgate.net/publication/
306046857_Everything_You_Wanted_to_Know_About_Smart_Cities/figures?lo=1
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CyberCyber--Physical Physical SytemsSytems

4343/64/64
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GPS + GIS + CPS GPS + GIS + CPS 
CyberGISCyberGIS

oo CPS CPS -- CyberCyber--Physical SystemsPhysical Systems
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M                      C                        O                          A
https://www.slideshare.net/mazlan1/introduction-to-iot-smart-city/18-FUNCTIONAL_VIEW_OF_IOTTECHNOLOGIES
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Model Predictive Control –
Udacity Self-Driving Car

https://www.youtube.com/watch?v=r14Ll3Jycbw
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RL RL –– Examples: Self Driving CarsExamples: Self Driving Cars

https://www.youtube.com/watch?v=kMMbW96nMW8

http://www.alphr.com/cars/1001713/practice-makes-perfect-driverless-cars-will-learn-from

https://www.linkedin.com/pulse/machine-learning
fundamentals-self-driving-cars-david-silver/

Deep Learning:
Technology behind self-driving car
6.194 visualizations
Pub. 25/dec/2016
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RL RL –– Examples: Learn To WalkExamples: Learn To Walk

https://www.youtube.com/watch?v=gn4nRCC9TwQGoogle’s DeepMind AI 
Just Taught Itself to Walk
5.985.455 vis. 12/jul/2017
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Alguns Projetos de Pesquisa

Prof. Adolfo Bauchspiess
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CoalCoal UnloadingUnloading –– ErlangenErlangen//GermanyGermany

“Redundant Sensor Guided Unloading “Redundant Sensor Guided Unloading 

Crane”Crane”–– MANMAN
BauchspiessBauchspiess, 1995, 1995

River Crossing – Minden, Elbe, Germany

Trajectory Planning - Fuzzy

50
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UniversitätUniversität –– ErlangenErlangen--NürnbergNürnberg

Sensor guided Hydraulic Sensor guided Hydraulic 
RobotRobot

Bauchspiess, 1995
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PredictivePredictive

Path trackingPath tracking
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Welding RobotWelding Robot-- GRACOGRACO--ENM/ENEENM/ENE--UnBUnB
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Plena/Plena/UnBUnB –– FundosFundos SetoriaisSetoriais

Inspection of Transmission LinesInspection of Transmission Lines
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Inspection of Transmission Inspection of Transmission 
LinesLines

�� AutonomousAutonomous computationalcomputational systemsystem forfor thethe visualvisual
inspectioninspection ofof electricityelectricity transmissiontransmission lineslines

�� DetectionDetection ofof flawsflaws inin thethe grippergripper ofof thethe lineline spacersspacers

55
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�� TraditionalTraditional inspectioninspection ofof transmissiontransmission
lineslines::

•• AerialAerial surveysurvey usingusing aa helicopterhelicopter

•• StaffStaff onshoreonshore

�� CostlyCostly andand expensiveexpensive

Inspection of Transmission Lines

5656
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Inspection of Transmission Inspection of Transmission 
LinesLines
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UAV UAV –– LARA/UnBLARA/UnB



A. Bauchspiess - Laboratório de Automação e Robótica , Dep. de Eng. Elétrica – Universidade de Brasília - Brasil

Inspection of Transmission LinesInspection of Transmission Lines
�� AutonomousAutonomous systemsystem -- visualvisual inspectioninspection ofof electricityelectricity transmissiontransmission lineslines

�� DetectionDetection ofof flawsflaws inin thethe grippergripper ofof thethe lineline spacersspacers

Need
Maintenance!!
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7

15

Gripped cable contour: Gripped cable contour: 
FFT coefficients of directional chainsFFT coefficients of directional chains

a) Gabor – b) Closing – c) Border – d)Image

Reconstruction -
7 and 15 Harmonics
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Gripped cable contour: Gripped cable contour: 
FFT coefficients of directional chainsFFT coefficients of directional chains

An
Bn

Cn Dn

�� ANN ANN ––
�� “Need Maintenance”“Need Maintenance”
�� classificationclassification

�� Training, Test, ValidationTraining, Test, Validation
�� 80, 25, 25 images80, 25, 25 images

H=10 ➛
2 Misclassified images

H=12 ➛
1 Misclassified image

Flávio Oliveira & Alexandre Dias, 2007
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Gripper inspection with 3D reconstr.Gripper inspection with 3D reconstr.

Correspondence –ROI contour in  stereo pair
Different ROI’s

- It is not possible to train an 
ANN for every position/orientation 
in the visual field of the VANT.

- ANN trained
for a fixed point of view.

- Build 3D contour model

- Reproject 3D contour
to ANN point of view

- Classify with ANN
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3D gripped cable3D gripped cable

ANN data bank Image plane

3D Reconstruction

Reprojected contour for ANN
Results:
20 stereo pairs – 1 false pos., 1 false neg.

Elder Oroski, 2011
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ChangeNetChangeNet as as 
Cycleway Cycleway 

Digital TwinDigital Twin

@AB2020 BLL

Bike ways

(x,y,z)

Bike ways Model

+
-

Pattern Recognition

Diagnosis

Drone
path
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DRL Drone Bikeway InspectionDRL Drone Bikeway Inspection
Digital Twins Digital Twins 
BSB Living Labs BSB Living Labs -- ENE/ENCENE/ENC--UnBUnB 20202020

Bike ways

Bike ways Model

+
-

Stored Info
-Map
-Registered Bikes

Deep Neural 
Network

Expert System

-Hole

-Near FT 

Block F

-Coord. (23N,300W)
� .� .

-Urgent

-Send

Mantainance
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Automação Predial

Prof. Adolfo Bauchspiess
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BuildingBuilding AutomationAutomation
Concepts:

- Sub-systems
- Segments
- Technologies
- Where can you work?
- Ambient Intelligence

Projects
- Energy Saving
- Thermal Comfort
- User tracking
- nZEB

Perspectives
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Intelligent Building AutomationIntelligent Building Automation
##trend_topicstrend_topics

�� Building AutomationBuilding Automation

�� Artificial IntelligenceArtificial Intelligence

�� Ambient IntelligenceAmbient Intelligence

�� Ubiquitous SystemsUbiquitous Systems

�� Assisted LivingAssisted Living

�� Cyber Physical SystemsCyber Physical Systems

�� nZEBnZEB

�� SmartSmart Environments / Buildings / Campus / CitiesEnvironments / Buildings / Campus / Cities
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BuildingBuilding AutomationAutomation-- ObjetivesObjetives

• Access Control
• Fire Detection

• Comfort (Productivity)
• temperature, humidity,… (PMV) 
• illumination, 
• waiting time for elevators, …

• Health issues
• air quality (renovation, filters…)
• CO2

• Energy Saving 



A. Bauchspiess - Laboratório de Automação e Robótica , Dep. de Eng. Elétrica – Universidade de Brasília - Brasil

BuildingBuilding AutomationAutomation-- TechnologiesTechnologies

• Supervision, Control, Data Acquisition (SCADA) 
• Human-Machine Interface (HIM)
• Programmable Logical Controllers (PLC)

• Network
• Cabled
• PLC
• Wireless

• Devices
• Modularity (Easy to expand)
• Interoperability
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Ambient IntelligenceAmbient Intelligence
“Provides services to the users of an “Provides services to the users of an 
environment through a netwok, almost environment through a netwok, almost 
invisible, of sensors and actuators”invisible, of sensors and actuators”

Which services?Which services?

Which Which informationsinformations can be obtained, can be obtained, 
from the  Cloud? IOT?from the  Cloud? IOT?

What is “intelligent”What is “intelligent”??

(adaptation /learning /innovation)?(adaptation /learning /innovation)?

7171/64/64
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Building Automation SegmentsBuilding Automation Segments � Schools
� Hospitals
� Hotels
� Pharma
� Commercial
� Airports
� Stadiums
� Domotics
� …

7272/64/64
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SubsystemsSubsystems

� HVAC
� Illumination
� Fire
� Energy
� Generator Group
� CFTV
� Access Control
� Elevators/Escalators
� …

7373/64/64
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TraditionalTraditional ConnectionConnection
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BusBus ConnectionConnection

AC power line
Bus line

...wireless...wireless
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ZigBeeZigBee MeshMesh NetworkingNetworking
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ZigBeeZigBee MeshMesh NetworkingNetworking
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Energy Saving:        Energy Saving:        
Hybrid Car          Hybrid Air ConditionerHybrid Car          Hybrid Air Conditioner
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Fundamentos Fundamentos –– Resfriamento evaporativoResfriamento evaporativo
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HybridHybrid ClimatizationClimatization: : 
EvaporativeEvaporative--ConventionalConventional

MScMSc José José LuisLuis Olmos FloresOlmos Flores
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HybridHybrid Air Air ConditionerConditioner
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Análise de dados Análise de dados –– Tela do Tela do Software SitradSoftware Sitrad
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Resultados obtidos – Modo HIB - Temperatura



A. Bauchspiess - Laboratório de Automação e Robótica , Dep. de Eng. Elétrica – Universidade de Brasília - Brasil

Análise de dados Análise de dados –– Consumo de energia elétrica Consumo de energia elétrica –– 24 h.24 h.
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Intelligent Building AutomationIntelligent Building Automation

Laboratório de Automação e Robótica  - ENE/UnB
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Passive RFID Passive RFID useruser trackingtracking in in buildingbuilding automationautomation
(Frederico Rocha e Filipe Oliveira, 2013)(Frederico Rocha e Filipe Oliveira, 2013)



Occupancy by Passive RFID + Laser BeamOccupancy by Passive RFID + Laser Beam

TG2015 Mecatrônica 
Renata C.M. Chupel e Raissa A. Alves



PerspectivesPerspectives
• Energy Efficiency Labeling of Buildings
• nearly Zero Energy Building - nZEB
• Assisted Living
• Virtual Campus
• Ambient Intelligence



“Green Buildings”



“Green Buildings”
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Projeto ZEB/UnB/EletrobrásProjeto ZEB/UnB/Eletrobrás
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Engenheiros, no Brasil e no Mundo

Prof. Adolfo Bauchspiess
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Artificial Neural Networks Artificial Neural Networks 
+ + ImageImage ProcessingProcessing

→ → FailuresFailures RecognitionRecognition
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Obrigado!

Adolfo Bauchspiess

www.ene.unb.br/adolfo

adolfobs@ene.unb.br


