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Grupo de Automacao e Controle

» Membros

12 professores

* +40 estudantes de pos-graduacao

* +60 estudantes de graduacao

LARA, junho/2011
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Laboratorio de Automacao € Robotica

» Laboratorios e grupos de pesquisa

» Laboratorio de Automacao e Robdtica
(LARA)

» Areas de pesquisa
* Controle e estimacao
* Ambientes inteligentes
* Engenharia aeroespacial
* Robdtica
» Infra-estrutura
Ambienie de trabalho no LARA

e Diversas plataformas experimentais

» EstacOes de trabalho individualizadas
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Grupo de Pesquisa CNPq
WARVAN

Lab. de Automacao e Robdtica

Responsaveis

LARA Prof. Geovany A. Borges
e Robotica

e Ambientes Inteligentes
Lab. Aero-Espacial Prof. Renato A. Borges
Lab. RObética Aérea Prof. Henrique C. Ferreira
Lab. Automacao Processos
Lab. Ensino CSD/CDig

Prof. Adolfo Bauchspiess

Prof. Eduardo S. Tognetti
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Controle, filtragem e identificacao

» Areas de pesquisa
* Controle robusto
* |dentificacdo de sistemas dinamicos

Planta

« Sistemas hibridos L— . e
» Teoria de estabilidade de Lyapunov |
» Sistemas de controle em rede

» Professores envolvidos

* Alex da Rosa

Eduardo Tognetti

Henrique Ferreira
Jodo Ishihara Fonte: Eduardo Tognetti

Renato Borges
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Engenharia aeroespacial

» Projetos de pesquisa

¢ Controle de atitude de
microsateélites

* Sistemas de navegacao
baseado em satélites

* Instrumentacao e controle de
foguetes de propulsao hibrida

» Professores envolvidos
* Renato Borges
e Geovany Borges

¢ Joao Ishihara
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Engenharia aeroespacial

®
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Robotica aérea

» Projetos de pesquisa

 Desenvolvimento de um sistema de
Mini-VANT

» Plataformas experimentais
* Veiculo de asa fixa
* Quadrirrotores

* Helicoptero

Artens
GPS

* Geovany Borges  ——

Sonar GFg

Ao

» Professores envolvidos = ' =S .rle
|

e Joao Ishihara

Tubo de  Aleon I
Fieg  Instrumenacso| S

\l/ I—A?R A. Bauchspiess - Laboratdrio de Automacao e Robotica , Dep. de Eng. Elétrica — Universidade de Brasilia - Brasil



Locomocao de robos

» Projetos de pesquisa em andamento

* Marcha de robos humanoides

* Futebol de robos

v Plataformas experimentais
= Robo quadrupede
* Robd humandoide

v Professoras envolvidos
« Alexandre Romariz

* Antonio Padilha

* Geovany Borges
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Robdtica movel e interacao homem-robd

» Projetos de pesquisa em andamento

*» Manipuladores moveis para
sistemas avancados de
manufatura

» Areas de pesquisa

» Localizacdo e mapeamento
simultaneos

* Controle servovisual
* Controle de manipuladores

» Professores envolvidos

* Antonio Padilha
» Geovany Borges

* Jodo Ishihara
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Robodtica de reabilitacao

» Projetos em andamento » Professores envolvidos

* Protese robotica para * Antonio Padilha e Geovany Borges
amputados de
membro inferior

Nonfunctional prototype
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Robodtica de reabilitacao

» Projetos em andamento » Professores envolvidos

* Protese robodtica para  Antonio Padilha e Geovany Borges
amputados de
membro inferior

Nonfunctional prototype
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Robodtica medica

» Projetos de pesquisa em
andamento

e Laparoscopia assistida Step I:
por robd Grasping

» Guiagem robdtica de
agulhas flexiveis

» Professores envolvidos
« Antonio Padilha
* Geovany Borges

e |caro dos Santos
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LARA - Multiplas Areas de Atuacao

Energia Solar (Egito)

Controle nao-linear, Caos (Vargas)
Identificacao de Sistemas (Alex)
Qualidade da Energia (Lélio)
Engenharia Biomédica (Flavia)

= Conversao de Energia (Gerson)
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Prof. Eduardo Stockler Tognetti
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Processo

» Transformar matéria prima em produtos,
através de operacoes fisicas e quimicas

= Exemplos
refinaria de petroleo

usina de acgucar e alcool
amonia

energia

matéria — — Produtos
y — e i
prima —p residuos

energia
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Industria Petroquimica

Refinaria Extracao
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Industria de Celulose e
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Visao Geral do Processo
de Celulose

COZIMENTO
TRANSPORTE PRODUTOS FINAIS

T e

PRODUCAO { .
CAVACOS DESLIGNIFICACAO/B  EMBALAGEM MERCADOS
RANQUEAMENTO
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Processo Papel

CLANDRAGEM
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Rebobinadeiras
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Acionamentos Industriails

amento digital Acionamento analodgico
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Instrumentos de Campo

Elr Sindus Andritz OPP - Aracruz(ES) - Daniel.Schuck - Turno:A - 23/2/2008 15:01:19

Inicio Sindus-Valves

Sindus-Valves » Yalvulas de col ispositivos Hal

Pressdo
aplicada para

Pressao
aplicada para
pequenos

trancamentos
Pontos de

agarramento




Controles de uma coluna de
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PIMS - Sistemas de Gerenciamento
de Informacoes de Processo em
Tempo Real
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istemas Inteligentes

Prof. Adolfo Bauchspiess
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Intelligent Systems
- Brain as the model !!

Neuron Synaptic Connections - Learning!

Nervenrzellen ,t Elektrische Impulse
Synapsen B durch Sinriesstisdrick

0-2 years 2 years to puberty Adult
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From Natural Intelligence to Artificial Intelligence
Ex. — Dislexia®

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 Iterets in a wrod are, the olny
irpoamtnt tihng is taht the frsit and Isat Itteer 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?

GRIMASSE STEHT KOPF

Auf den ersten Blick
scheint das Foto von
Margaret Thatcher nicht
ungewdhnlich. Das andert
sich, wenn Sie das Bild
auf den Kopf stellen. Der
verbliiffende Effekt tritt
auf, weil Augen und Mund
auf dem Foto um 180 Grad
gedreht sind - und damit
genau die Merkmale, auf
die das Gesichtserken-
nungsprogramm des Hirns
besonders sensibel an-
spricht.
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Antipathic?
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- Incomplete pattern -
Brain Interpolation!

-Perception

The Kanizsa square, 1976
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Living connected

Body area network:

‘ wearable cormputessidispinys
F s

FAS : o

-' I i .- w - ol

Office
i wark

Viehicle
mEbwark

Sl i e

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

“Provide services to the users of an ambient through an
almost invisible wireless sensor and actuator network™

Artificial
T Intelligence

Computer

Interaction

Pervasive-
Ubiquitous
Computing

Networks
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Cities Evolution

City of neighbors > City of Strangers

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

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.
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Prathombutr — Smart Cities Development in Thailand
https://www.nstda.or.th/nac/2019/images/seminar/26_Smartcity passakorn.pdf




© Vincent Gallebaut/Salent News
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Future Smart City (?)

@Pinterest
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GPS + GIS

- Global Positioning System
- Geographical Information System
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loT > Internet of EveryThing
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Pet Monitoring and %ﬂ Machine to Machine;
Controlling QNireless Sensor Network 4

\. J L. Security and

Smart Cities Surveillance
\_ B\, J

https://www.researchgate.net/publication
306046857 Everything You Wanted to Know_ About Smart Cities/figures?lo=1
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Cyber-Physical Sytems

Data
centers

Reliably )

\ Physical

Terminals &
devices

\Ii me

Mechanization, Mass production,
water power, steam  assembly line,
power electricity

Computer and Cyber Physical
automation Systems
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GPS + GIS + CPS
-> CyberGIS

CPS - Cyber-Physical Systems

< (&4 @ gis.unb.br/portal/home/webmap/viewer.htmi?layers=ba60b61290144c2f9ac5aeef8704d462 +Yr H # B
Pagina Inicial + SmartCampus UnB - Urbanizagdo Modificar Mapa

Detalhes | [EMapa Base | & Imprimir = | & Medir

Contetido

(] SmartCampus UnB -

Urbanizagao - Centro das
Edif

() SmartCampus UnB -

SmartCampus UnB -
Urbanizagao - Limite

Estacionamentos UnB

SmartCampus UnB -
Urbanizagao - Edif UnB

a@ Topografico
2 Mapa Topogréfico

Mundial

El Relevo
Sombreado
Mundial
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THE 4 STAGES OF 10T MATURITY

Monitoring @felalige] Optimization Autonomous

https://www.slideshare.net/mazlan1/introduction-to-iot-smart-city/1 8-FUNCTIONAL VIEW_ OF IOTTECHNOLOGIES

C O A
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Model Predictive Control —
Udacity Self-Driving Car

>

.
SELF-DRIVING

v [LUU.'DACITY

ENROLL NOW

https://www.youtube.com/watch?v=r14LI3Jycbw
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RL — Examples: Self Driving Cars

Vehicle:

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

Deep Learning:

Technology behind self-driving ca
6.194 visualizations

Pub. 25/dec/2016

. p://www.alphr.com/cars/1001713/practice-makes-perfect-driverless-cars-will-learn-from
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RL — Examples: Learn To Walk

~Na- LT
. 3

L

J ‘ \
DEEPMIND Al A el
LEARNED HOW TO WALK . S & GOOGLE Al

Another Break Through A

It can run over
rough terrain

Al just taught itself ; Mayb_e 1L GENE
— | something we don't!

Source: Deeplding

Google's DeepMind

DeepMind Al

This is what it
came up with

Google's DespMind Al just taught itself to walk - G... Google's DeepMind Al has taught itself t

Google’s DeepMind Al https://www.youtube.com/watch?v=gn4nRCCOTwWQ
Just Taught Itself to Walk

H .455 vis. 12/jul/2017
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guns Projetos de Pesquisa

Prof. Adolfo Bauchspiess
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Coal Unloading — Erlangen/Germany

Alter Weg iiber Elbe
Direkter Weg
m— Neubau

Trajectory Planning - Fuzzy

"Redundant Sensor Guided Unloading
Crane”™ MAN

River Crossing — Minden, E‘lbe, Germany

. Bauchspiess, 1995
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Universitat — Erlangen-Nurnberg

Sensor guided Hydraulic

Bauchspiess, 1995
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Welding Robot- GRACO-ENM/ENE-UnB
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Plena/UnB — Fundos Setoriais

qrgﬁ;;r’
ﬁ%?

Inspection of Transmission Lines
R
N RN
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Inspection of Transmission
Lines

= Autonomous computational system for the visual
inspection of electricity transmission lines

= Detection of flaws in the gripper of the line spacers
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Inspection of Transmission Lines

= Traditional inspection of transmission
lines:
e Aerial survey using a helicopter
e Staff onshore

] Costly and expensive
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Inspection of Transmission
lnes




UAV — LARA/UNnB
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Inspection of Transmission Lines

o Autonomous system - visual inspection of electricity transmission lines
o Detection of flaws in the gripper of the line spacers
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Gripped cable contour:
FFT coefficients of directional chains

Reconstruction -
7 and 15 Harmonics

a) Gabor - b) Closing — c) Border — d)Image
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Gripped cable contour:
FFT coefficients of directional chains

Componente A da Série de Fourier para X Componente B da Série de Fourier para X

ANN -
“Need Maintenance”
classification

Training, Test, Validation
80, 25, 25 images

Harmdnicao

Componente D da Série de Fourier para

H=10 >
i 2 Misclassified images

Harrminico Harmdnico i H — 1 2 >

1 Misclassified image

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

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

.:. Y
- — — '::f;:
—
5 j

Different ROI’s
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Correspondence —-ROI contour in stereo pai




3D Reconstruction

3D gripped cable

% SRI SVS Stereo System
File Device Video.. ‘ideoBuffer..

Rate: 1.5 Left | Color [Opened device 0 Right | Color] [08s [ | Gamma

nput. [video ] | Continuous Function: [Mere ] cont: 4] 12 ¥ Disparty: [ 32 3
Fi Py

Results:
20 stereo pairs — 1 false pos., 1 false neg.
Elder Oroski, 2011




ChangeNet as
Cycleway
Digital Twin

Drone
path

o

Environment

@y | SDHW system,
> HVAC system,
Builnding

boundary
conditions

[€, B, D,]=f(Im(k), Im{k-1), Map, Inference Engine, Rule Basis)

Test Image Reference Image @ ChangeNet Ground Truth

@AB2020 BLL
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DRL Drone Bikeway Inspection

Digital Twins Stored Info
ek

BSB Living Labs - ENE/ENC-UnB 2020 -Registered Bikes

Trajectories
(x,¥,2,9,t)

g Knowledge |

Base
(y | SDHW system, = =M i
> HVAC system, P il i
Builnding Inference

boundary

conditions Silis )

V_ __ -
User
Interface
‘ ) -Urgent g
-Near FT o

Block F
-Coord. (23N,300W)

Mantainance

[, B, D]=f (Im(k), Im(k-1),... Map, Rule Base, Inference
Engine)
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utomacao Predia

Prof. Adolfo Bauchspiess
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Building Automation

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 Automation

#trend topics

Building Automation
— . ) B
Artificial Intelligence =
Ambient Intelligence ‘ "I‘IE
Ubiquitous Systems

Assisted Living

Cyber Physical Systems

n/ZEB

Smart Environments / Buildings / Campus / Cities
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Building Automation- objetives

e Access Control
 Fire Detection

* Comfort (Productivity)

e temperature, humidity,... (PMV)
e 1llumination,
* waiting time for elevators, ...

e Health 1ssues

* air quality (renovation, filters...)
« CO,

- Energy Saving
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Bulldmg Automation- Technologies

Supervision, Control, Data Acquisition (SCADA)
Human-Machine Interface (HIM)

Programmable Logical Controllers (PLC)

Network
e (abled

" EEEET:
* Wireless

Devices H H Q H H
* Modularity (Easy to expand)

* Interoperability
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Ambient Intelligence

“Provides services to the users of an
environment through a netwok, almost
invisible, of sensors and actuators”

Artificial
Tp—— Intelligence

Computer

Interaction

Which services?

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

Pervasive-
Ubiquitous
Computing

What is “intelligent™?

Networks

(adaptation /learning /innovation)?
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Schools
Hospitals
Hotels
Pharma
Commercial
Airports
Stadiums
Domotics

Building Automation Segments

NS N A N
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f e

I e

v Illumination
v Fire
v' Energy
'v' Generator Group
v' CFTV
Access Control
Elevators/Escalators

Fault Reday Q
———

) ]

16 Camera




Aplicagao Elipse SCADA - Energia Elétrica

Energia Elétrica - Circuitos Alimentadores

Subestacio Sul li : Subestacio Norte

Barramento 1 Barramento 2 { -

s
&+ T Barramento 3 Barramento 4

I l 222 V| (M) | I 221 V] I 2a ™
1881 [A]| 5 { 1328 [A] 1110 [A]
Pétio Brasil Tower
¥
2

- - Lojas - - | 52 - - Lojas - -
¥ Y. v, v,

ADM |

ADMII
Emergéncia

Emergéncia

| | ' | |
ﬁ =) =
Y

5

[ Almentador Sul-MS1 || ADM1-Medidor MS2 [ Alimentador Norte - M N1 || ADM Il - Medidor M N3~ WADM Ill (AC) - Medidor M N2] |
[ V1 |[ A1 || FP |[IkWI|{ VI | [A] FP R IkWI | VI [ IA] |[ FP |[TkwWif [v1 | [A] | FP | [kWIJ [VI [Al | FP |[kW]
[ 220 |[ 1930 || 0.8 |[378130]f 220 589 | 0.83 [107742|[ 220 || 1027 || o.80 [[is0as || 221 211 | o095 | 44343)] 224 || 1090 | 0.97 236051
| |
| |
| |

222 | 1841 [ o.08 |[3sea9a]| 222 0.80 | 92869 221 |[ 1436 || o0.91 |[esasol] 224 | 1ea | 100 | 41140l 224 | 1161 | 0.95 [248133
222 || 1872 || 0.88 |[364930]] 222 0.79 || 89937|| 222 |[ 1526 || 0.90 |[305238]f 223 §| 227 | 0.7 | assasfl 225 | 1000 | 0,95 [229506

222 || 1881 || o8 |[1o1ass]| 22 0.81 f290548|| 221 |[ 1320 || o088 |[z7a0m || 223 | 208 | o097 f134481ff 224 | 1110 | 0.96 |713890]
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Traditional Connection
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Bus Connection

Bus line

I l
~ e WIFCICSS
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Z1gBee Mesh Networking




Z1gBee Mesh Networking




Z1gBee Mesh Networking




Z1gBee Mesh Networking




Z1gBee Mesh Networking

_e ®
Control (M
[
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Energy Saving:
Hybrid Car Hybrid Air Conditioner

CICT intarnal Integrated powaer electronics
gombustion
engine

Battery pack

TOT | A
H La
6| . I
—» s |\
J[o v v X
@ Evaporativo Split - Ventilador Gr
eservatorio

de agua

Final drive

S-zpeed
manual transmission
& automated clutech

manual transmission
& aufomated clutch

Final drive Electric machine
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Fundamentos — Resfriamento evaporativo

distnbuidor de agua

AR EXTERNO

AR RESFRIADO,
MAIS LIMPO E
MAIS UMIDO

~' Y +«——bomba de recirculagao
de agua
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Hybrid Climatization:

Evaporative-Conventional
MSc José Luis Olmos Flores

Status: Online n = : MT-531 R»(« ﬂ&{é

TEMPERATURA (°C)  Termostato (C) SAiDAS
Alarmes AVirtua Setpaint: 23.5 H Y
Histerese: 1.0 THs‘M sltraﬂ
@ 1 - Sensor 1 desconectado Umidostato (%UR) e
@ 2 - Sensor 2 desconectado Setpoint: 75.0 HUMID @
Histerese: 5.0
UMIDADE (%UR) Ausiliar (°C) AUX

Setpoint: 21.0 .
Histerese: 1.0

@ 3 - Alarme no auxiliar
| @ 4 - Alarme no buzzer

BUZZ

@ il EE
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Hybrid Air Conditioner

Split - Ventilador Grelhas de saida de ar

eservatorio
de agua
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Analise de dados — Tela do Software Sitrad

=[=] ST Loe) L

. Arguivo  Comunicacdo  Configuracdo  isuslizar  Ajuds

o] MT-531RA ztue

TEMPERATURA {°C) | Termostato ("C) SAIDAS
Alarmes - 1 Virtual Setpoint: 225 S't @“
Histerese: 1.0 THE{H I ra
@ 1 - Sensor 1 desconectado Umidostato (%UR)
@ 2 - Sensor 2 desconectado Setpoint: 5.0 HUgID ..@
@ 32 - Alarme no auxiliar Histerese: 5.0

4 A b UMIDADE (2%UR) Auxiliar {*C) AlLX
© 4 - Aarme no buzzer Sefpoint 20.0 o IH Si  GRAV

Histerese: 1.0

BUZZ
il Pardmetros . ==

Cadastrados: 5

Unidade em destaque: 4. Sala de Reunido = Operaciio: 5 ¥ Histdrico Agenda @ Desligar

MT-S531 R4 g
End Descricao Temper. Umidade HUMID BUZZ Alarmes Status
oot 1. Ar Externa 239 40.6 Desl Desl .- Cinline
002 2. Apds Evaporativa 18.45 /9.3 Desl Desl .- - Online
0d3 3. Apds Refrigeragdo 193 B4.2 Desl Desl .- Online
004 4. Sala de Reunido 212 58.4 Desl i Desl .- - Online
oos 5. Sala do LAYSI 23.4 53.2 Desl Desl ---- Online

Espaco livre em () : 132,83 GB Tamanho do banco de dades: 1.05 MBE

+w Iniciar. s Sitrad Local & José Luis

- documentos '@i Relatdrios 22052009 .,




Resultados obtidos — Modo HIB - Temperatura

'
'
]
]
'
'
'

a
1
]
'
]
'
'
'
]
'
]
'
'
'
'
'
]
'
]
'

15.0

10:00:21 16:00:13 22:00:05 03:5%57 03:53:43
23/6/2003 23/6/2003 23/6/2003 24/6/2003 24/6/2003
THERM ' ' '
HUMID [ [ [ [ [ [ [ 1N

FANES EEEEEE NSNS EEEEEEE NN BN HE EEE NN

BUZZ

Curvas
\ M 1. A Externo @ 4 Sala de Reunido B 5. Sala do L&VSI
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Analise de dados — Consumo de energia elétrica — 24 h.

Tempo
Yentilador

Tempo
Operacao
Bomba

Consumo
total de
Energia

Observacoes

00h00mO0s

00h00m00s

0,17 KWh

Mwto Bamxo

22hlimd3s

00h00m00s

2,23 EWh

MNommal

13h5 2 m3ds

00h1%m4dls

136 EWh

Nommal

22hy3m0Es

00h00mO0s

592 kWh

Alto

14h6m3ls

00h8md0s

195 EWh

MNommal
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Intelligent Building Automation

Sensor de Temperatura (C’ Detector de Presenga

Laboratorio de Automacao e Robdtica - ENE/UnB

Sensor de Umidade 3 Detector Porta/Janela aberta

Anemémetro &3 Medidor de Energia

Sensor Radiagdo Térmica Média Camera de Vigilancia

Piranémetro
Controle de Acesso

Atuador Ar Cond.

BAS -
Building Automation System
\I/ I—A?R A. Bauchspiess - Laboratorio de Automagao e Robdtica , Dep. de Eng. Elétrica — Universidade de Brasilia - Brasil




Passive RFID user tracking in building automation
(Frederico Rocha e Filipe Oliveira, 2013)

Supervisorio SCADA

SCaDABR .=~
‘_Madbus_

Sistema de Rastreamento de Usuarios Sistema de Atuacdo
no Ambiente

==
CON-USBBEE

+ XBee

Aplicagao saL Aplicagdo

Corporativa Express Middleware

_ﬁ' Yy

Transact-5QL

i
o
=
@
=
3
-

.

/

|

Arduino + XBee v
Ethernet TCP/IP +fpuhuins Unie,

«[Mddule XBee;
L - |LDR
-/ < [Lh35
i, o
I- ¥
=

Impinj Speedway for e m
R420

Impinj Threshold

— .

-2
|_

Distribuicdo dos Equipamentos
Sda_2

Antena_1
Leitora_*
Antena_2 E— ==
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Occupancy by Passive RFID + Laser Beam

TG2015 Mecatronica - e olel o .-"g: _|‘¢'.'

Renata C.M. Chupel e Raissa A. Alves y NI ll
- - b A
|, e

- 2

| : k
1}

] r-
1
! Do

[

Ambiente 1

Ambiente 3




Perspectives

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

CAREAMENT D HORIZORMTAL




“Green Buildings”




“Green Buildings”

b o
o sl |
Il':'.. ¥ B "-I|I'
1% o =
_"'r' . _.;:LII

[ ful] '|'.:-_ ' BT

Ragie Cedilicalion Silver Cerfilicalion Aald Cerfillcatlon
40 40 pints 540 - 59 podnts il -

Platirum GCerfilicalion
Tl poings fill — 110 poiris

Pl WURSD 56 00 AWY
A )
Le

iy (A O B
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2.2 million +

square feet is LEED certified every

day with more than 90,000 projects
using LEED.




Projeto ZEB/UnB/Eletrobras
FAU/FT/GEP/FGA/FUP/CEPLAN

A SMuavem™

vocess Paind -
Estimativa de
Ocupagio

Sensores,
Cimaras,
Bancox de dados -
acessiveis via Nuvem

INetector de
porias




Simbologia (Adaptada da NBR 5444)

Temperatura ¢ UR, Transmissdo. DHT22: cabo 3 vias + blindagem: +35V, Gnd, data (serial, bidrecional) Computador de Desenvolvimento/Manutengio
.

Controle Supervisorio (Openhab): Raspberry Pi4 modelo B
Sensor Lux (DALL montada na luminaria)

% Controlador Digital Distribuido: WiFi ESP32 LoRa Display OLED;

Dimmer com Fonte alimentagdo +12 V (para elementos DALL sensor, dimmer e Lampada) Alimentagdo por bateria e 220V

(+12V podem ser fornecidos, alternativamente, pelo sistema PV)

S de P /O d0: ESP32-
Luminéaria LED dimerizavel: Controlada manualmente por potenciémetro ou via ESP32 associado. Cf\l;\/slxlh:en::f;zgg:or l‘):;ltpear?laa: 220V

Medidor de Poténcia Elétrica WiFi; JC HVAC—Compr.; JVHVAC-Vent.; JE HVAC-Evap.;
JI-Tluminagdo; JD — Demais cargas (PCs co-working, geladeira etc)

Access Point

Sensor Lux; Dimmer

GG

AREA TECNICA
16,26m2

VARANDA
30,24m2

PLANTA BAIXA
PLANTA BAIXA
ESC.: 1:75
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Prof. Adolfo Bauchspiess
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Engenheiros/ 10.000 habitantes @
comparacoes internacionais (2007)  PRO
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MENOS ENGENHEIROS
NGmero de profissionais a cada 10 mil pessoas

5 MAIORES

] Coreia do Sul
M= Finlandia
?g@ Portugal
@ China

el Eslovaquia

5 MENORES
poves Eslovénia
E:J Chile

Tirouis
- |1_1\._,J||__,1

=y Brasil

i1

"y | | |
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Percentual de Egressos em Cursos de Nivel Superior
em Engenharia em Relacao ao Total de Egressos
Paises Selecionados — 2007 - %

Chins
Coréla do Sul
Finlandia
Fortugal
Japao
Suécia

Rep. Checa '
Austria
Fep. Eslovaca
Ezpanha
Chile:
Mexico

Rl

Franca :

Holands )
Morueds

Hungriz '
Sustrélia

Irlandia

islandia

Estados Unidos

Mova Zelandia
Brazil :

\l/ Fonte: OECD.
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Obrigado!

Adolfo Bauchspiess

www.ene.unb.br/adolfo

adolfobs@ene.unb.br
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