- Intelligent Building Automation -

“the search for the ZEB”

Prof. Adolfo Bauchspiess
LARA- Automation and Robotics Laboratory
Departamento de Engenharia Elétrica

Universidade de Brasilia - Brazil




Y Summary

Concepts:
- Sub-systems
- Segments
- Technologies
- Where can you work?
- Ambient Intelligence
Some Research Projects
- Energy Saving
- Thermal Comfort
- User tracking
- nZEB
Perspectives
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/Intelligent Building Automation \

#trend topics

" Building Automation
" Artificial Intelligence

" Ambient Intelligence

" Ubiquitous Systems

" Assisted Living

" Cyber Physical Systems
" n/EB

B Smart Environments / Buildings / Campus / Cities
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/7 Aﬁtomation — The Beginning
/

James Watt -1775
* Steam Engine
‘Flyball governor

Tesla (1856 11943)
Multiphase Systems
AC Motor

Work of 10 men
Xth century




2 /h(telligent Systems - The Brain as modekgk

/ \

Build Neuron Synaptic Connections - Learning!

0-2 years 2 years to puberty Adult
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/“Philosophy of Knowledge”

Godel's incompleteness
theorems, 1931

D True beliefs

| D True and justified beliefs (Knowledge)

- 4
“-__ -
" -

—

“Heuristics”

Denied | A way that works,
(oo N but you do not know way.
. v
< Tt /  Untruths “Sub-optimal solutions™
“~._ hot achievable / not achievable .« . .
The brain is expert in finding
\ e / good heuristics!
\ Axioms ( )

.‘W

Artificial Intelligence?
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https://en.wikipedia.org/wiki/G%C3%B6del's_incompleteness_theorems
https://en.wikipedia.org/wiki/G%C3%B6del's_incompleteness_theorems
https://en.wikipedia.org/wiki/G%C3%B6del's_incompleteness_theorems

Prom Natural Intelligence to Artificial Intelligence

/

Ex. — Dislexia?
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V- Incomplete pattern -
Brain

Interpolation!
-Perception

The Kanizsa square, 1976
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/ “Local Coherency —Global Paradox" \

. Sandro delPrete. Enigmas Visuais. Rio de
I_/]?R \|/ Janeiro, 2004, p. 45
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Biological Fundaments

Some kinds of neurons
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Abtinal bipolar cell Spinal motor neuron Hippocampal pyramidal cell Purkinje cell of cerebellum
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y Cortical Recurrent Networks

A generative vision model that trains with high data efficiency and
breaks text-based CAPTCHAs

D. George, W. Lehrach, K. Kansky, M. Lazaro-Gredilla, C. Laan, B.

Marthi, X. Lou, Z. Meng, Y. Liu, H. Wang, A. Lavin, D. S. Phoenix
Science Vol.: eaag2612

DOI: 10.1126/science.aag2612




CAPTCHA - CRN

Input &
Ground Truth

RCN Top Parse

RCN Second Parse

Human
Labels
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7 Living connected

Body area network:

wearable compubersidisplays

Tt
S r e letperit

ih horme

] M e T e i

e e,

N el — Sl
Vehicle = k a 7 £ *
rafvark . o iy _ N ]
i

Supermarket, &

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

/

Ambient Ingelligence

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

Summary

1 — Concepts

2 — Projects
- Energy saving
- Comfort
- User Tracking

3 — Perspectives

Artificial
Intelligence

Human
Computer
Interaction

Pervasive-

Ubiquitous
Computing

Networks
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Hospitals

Hotels
Pharmaceutical
Commercial
Airports

Stadiums
Domotics

s .
Building Automation - Segments Schcs

AN NI NI NI N U N R N

' 4 | ot R+l = \ |
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HVAC
[Ilumination

Fire

Energy Management
Back-Up Power Gen.
CC-TV

Access Control

v Elevator/Escalator
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///ﬁuilding Automation- Objetives \s

* Security \
* Access Control
 CC-TV

. Fire Detection

Comfort (Productivity)

. temperature, humidity,... (PMV)
2 1llumination,
* waiting time for elevators, ...

* Health 1ssues
* air quality (renovation, filters...)

. CO,

* _Energy Saving
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/ﬁulldmg Automation- Technologies

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

* Programmable Logical Controllers (PLC)

* Network

* (abled

* PLC

*  Wireless
* Devices

* Modularity (Easy to expand)
* Interoperability
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Supervision

Automatic Control

Feedback
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/
A

utomatic Control \

Keep a process variable at the reference value
“Compare reference and measured value then act”

Automatic Controller

SENSOR
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/" Relay-Logic

Poténcia

Aplicagoes — ENE/UnB




‘M Fonte Entradas

= 160mm l
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Automation System

PROCESSADCR
DE NIVEL
GEREMCIAL

ETHERNET

CONTROLADZRES
OE MIVEL DE PaRA SENSORES E
SISTEMA CONTROLADORA DISPOSITIVOS

CONTRCOLADORES ]
n IO
DE NIVEL DE COMTROLADORA

CAMPO CONTROLADDRA

] m4® n e =]

COMTROLADORA SEMSOR COMTROLADORA

1"

DISPOSITI u LR ] [T
COMTROLADORA COMTROLADCRA
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Aplicagao Elipse SCADA - Energia Elétrica

/

Energia Elétrica - Circuitos Alimentadores

Subestacao Sul ( ERET e Subestacao Norte

Barramento 1 EBarramento 2 T 4 e Barramento 3 Barramento 4
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i
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%
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[ ovi | 1Al ][ FP J[tkwif VI | (A1 | FP frkwif[ Iv1 |[ A1 ][ FP |[xWIJf v | (A1 | FP fikwlll VI | [A] | FP [ [kW]
[ 220 |[ 1930 ] o.89 |s7e130]] 220 | sas | 0.3 [f107742) 220 | 1027 || wso[fisoasr]| 221 | 2 aazazfl 224 | 1090 | 0,97 236051
| |
| |
| |

222 || 1801 || o0.88|[358394)| 222 | 19 | o.e0 || ezeesf| 221 | 1436 || o0.91 |[psszsn]| 224 antaol]l 224 | 1161 | 0.95 [[248133
22z || 1872 || o.88 |[364930)] 222 | 511 | o.78 || 9s3z|[ 222 || 1526 | o0.90 |[30523s]| 223 ggasl| 225 | 1080 | 0.95 [[229506
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/" Traditional Connection N\
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” Bus Connection N\

Bus line

i l
— e WIICICSS
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/// The IEEE 802 Wireless Space\

WWAN
WMAN
WLAN
WPAN
|

0.01 0.1 1 10 100 1000
ZigBee fills a gap for low

data rate applications
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Input Layer

Hidden Layer 1 Hidden Layer 2 Hidden Layer 3




patient
monitoring
fitness
monitoring

asset mgt
process
control
environmental
energy mgt

]
LARN

INDUSTRIAL
CONTROL

Z1gBee Applications \

TV

VCR
DVD/CD
remote

mouse
keyboard
joystick

security

g
HVAC

HOME lighting control
CONTROL

m-commerce
info services
object interaction
(Internet of Things)

irrigation
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N\

/ ZigBee Mesh Networking \

ide Cq 2 QO
Control®
[ \|/
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N\

/ ZigBee Mesh Networking \

ide Cq 2 QO
Control®
| \|/
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N\

/ ZigBee Mesh Networking \




N\

/ ZigBee Mesh Networking \




N\

/ ZigBee Mesh Networking \




E}érgy Saving:
/ Hybrid Car Hybrid Air Conditioné(

CID] intarnal Integrated power electronics Battery pack
combustion
engine

Split - Ventilador

eservatorio
de agua

Final drive

S-zpeed

manual bransmission
S-spoad & automated clutch
manueal transmission
& automated clutch Final drive Electric machine




fi:lainel evaporalivo

| . ventilador
AR EXTERN( . 2 /_

AR RESFRIADO,
MAIS LIMPO E
MAIS UMIDO

‘@ «— bomba de recirculacdo
de agua
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ybrid Climatization: Evaporative-Conventiona

(- I(¥i(X)

TEMPERATURA (°C) | Termostato (C) SAIDAS

MT-531R4 ptuc

Alarmes - AVirtual S.elpoini: 235 THERM Sitrad
Histerese: 1.0 .

@ 1 - Sensor 1 desconectado Unidostato (%UR)

@ 2 - Sensor 2 desconectado Setpoint: 75.0 nglD

@ 3 - Alarme no auxiliar Histerese: 5.0
UMIDADE (%UR) Augiliar ("C) AUX

Setpoint: 21.0 . H s | e GRAV
Histerese: 1.0
BUZZ
m @

@ 4 - Alarme no buzzer

M.Sc José Luis Olmos Flores, 2009
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\

Reservatorio
de agua

Laboratério LARA




Analise de dados — Tela do Software Sitrac

=1 ol S SRS S B T

| Arguivo  Comunicacdo  Configuracdo  Misuslizar  Ajuds

o I T MT-531R< stus

TEMPERATURA (°C) Termostato (*C) SAIDAS
Alarmes - A irtual Setpoint: 22.5 THERM Silrall
Histerese: 1.0 .
@ 1 - Sensor 1 desconectado Umidostato (35UR)
@ 2 - Sensor 2 desconectado Setpoint: 5.0 HUMID
@ 32 - Alarme no auxiliar Histerese: 5.0 .

= UMIDADE {22UR]} Auxiliar ("C)
@ 4 - Alarme no buzzer ALX
Setpoint: 20.0 AVSI G RAV

Histerese: 1.0

BUZZ
=S\ Pardmetros . E’

Cadastrados: 5

Unidade em destaque: 4. Sala de Reunido " EmOperacin ¥ Histarico Agenda @ Desligar

MT-531 R4 s
End Descrigao Temper. Umidade THERM  HUMID BUZZ Alarmes Status
0o1 1. Ar Externo 2349 40.6 Desl Desl Desl .- Online
002 2. Apds Evaporativo 18.5 793 Desl Desl Desl .- Orline
003 3. Apds Refrigeragéo 19.8 B4.2 Desl Desl Desl .- Online
o044, Sala de Reunido 22 5584 Desl Decl i Desl .- Online
005 5. Sala do LAWSI 234 53.2 Desl Desl Desl .- Online

Espaco livre e (C:): 132.83 GB Tarmanho do banco de dados: 1.05 MB

& R = ; = -
4y INiciar s Sitrad Local o5& Luis s elatorio . L Y 138/85




Resultados obtidos — Modo HIB - Temperatura

15.0 : : :
10:00:21 16:00:12 22:00:05 035357 03:59:49
23/642009 234642009 23/642009 24,/6/2009 24642009
THERM : : :
HUMID [ [ 1 [ [
FAEES S EEEEEEEEEEEEEEEEEE NS BN °®
BUZZ

Curvaz
W 1. ArExterno @ 4. Sala de Reunido B 5. Sala do LAWSI
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Analise de dados — Consumo de energia elétrica —>\h.

Tempo Tempo Consumo
Operacao total de Ohservacoes
Energia

00h00mO0s| 00h00mO0s | 00W00mO0s | 0,17 kWh | Muito Baixo
2kl 5md5s| 00h00m00s | 00K00m00s | 2,23 kWh

15| O0h00mO0s
's| 00R00mO0s| 01h49mSTs | 592 kWh
00K28md0s| 00H09m02s | 1,95 kWh
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//A{obile Thermal Comfort sensor modu@\

2010

Mobile thermal comfort 1 ' '

sensor PMV (ISO

Thermal Radiation @

-
N \ Temperature
_ .' Humidity
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7t T .
/ ARA/UnB - First-Principles ldentification

M.Sc. Flavio Augusto R. de Oliveira, 201(&

\

30 de janeiro a2 d fevereiro de 2011

1 e v c

a; 220 3213 1754

Tempa {h)
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RFID occupancy identification
/

for thermal load estimation \

Eng. Josu¢ Souza & Eng. Ariel Souza, 2011

i L"‘ :
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| AR
/ Active Tags N\

* Battery
 Microcontroller
* Motion Detector

Send 39 bytes; used in this work:

* Unique tag ldentity

* Tag age, since assembled

* Received Signal Strength
Indicator

* Interval:
1.5 s (motion)/ 30 s (rest)
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Actionview Runtime Screen

5 ActionView A

Y YT T

I | ARA

A { ]




RSSI Mapping —
Data collected by Aramis Mobile Robot

Leitora 10

RS5l's Leitora 10 (B)

-
AT
T

i)
i
i

ity
by,
;‘.'!;r:;,
i
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Energy Saving of Adaptive Thermal

/ Control for PWM Driven Air-Conditioners

— Process Instrumentation

Enga. Marcella Cortat Campos Melo & \Variable Dynamics
Eng. Heyder Antonio Silva de Araujo
2014 © Occupancy
© External
Temperature/Humidity
"]p’;’ifii”m#gﬂimqﬂ o © Activity
;;i[’iﬁ,mﬂ'ﬁ" LR s ® Season/Clothing
i
UL ;'_ 51 ‘h lml',' : . ' »  Adaptive approach
Ve | R ettt ."f,“

— Recursive Identification
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/" PWM for split air conditioner

1. Internal

(2 ‘ avaporator
I-.....l I 5 -
Hot air in , _ =
E 3

ool air out

1000 1500 2000

Hzec]

PWM duty cycle = 220 s
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Adapitve Control
TEST ENVIRONMENT

Meeting Room
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Temperature of the meeting room
- On-Off controller -
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*  Sensirion® SHT71
— I?C Communication
— Power Suply: 2,4V a5,5V
— 8 to 14 bits A/D

e Arduino ATmegal280

- IEEE 802.15.4 (ZigBee) - Xbee
Shield

Solid State Rele T2405Z-M

Comando DC/ Saida AC

LED
Emissor

[

-3
4
it
]
s u
4

i Acoplamento Foto
ﬂpli:,o Detetor

Limitador de
Corrente

Chaveamento Tiristorizado
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ZigBee
Automation
NETWORK

Atuador

MATLAB
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/

Recursive Identification needs a

Structure for the Model -> Gray Box

Thermal flow simplifications:
| Parede|

Fluido
Aquecido L s

Fluido
Frio

Wall analog Model
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\

- U1 UC WA C

with Perturbations

Controller PWM

Temperatures: r - reference, y - controlled, fe - external, rv -vicinity, fc - cooler
Time constants: 7e , Tv, Ic . Gains: Ke , Kv , Kc , K
Heat flows: ge , gc , qv , gd
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: s — T
= Recursive Identification y(k) =i (k - 1)9k + f(k)
* Min. parameter variance
* No bi ReS|due
O[Dlas Parameter vector
* Plasticity Regressors (measurements)

k — )
;ZPk—ﬂ/Jk + 1

O = 01 + Ki[y(k) — ¥i0p_1];
1( Pk—1¢k¢£PR—1>
p,_, — —lrkrlke kot )

P, = =
T2 T |
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/

= Adaptive Control

* Direct or Indirect

- Design Techniques:

Model Reference
(MRAC)

Self-Tuning
Regulator (RST)

Dual Control

Gain Scheduling

1
Specification Process parameters ()

Controller
design
Controller

parameters

(R.S.T)

.

T | o

Self-tuning RST controller - pole placement design

L/I?[\ \I/ A. Bauchspiess — AutPredial_loT — Parte C - Aplicacoes — ENE/UnB
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* On-Off Control * PID Control

Empiric Tuning by Chien, Hrone e
Reswick, 1952.

where T,is the time constant and 1 is the

deadtime.

Lif y,-y<L0

PI

PID

-0.41424(z-0.9975
D, (z)= —0.41424(z - 0.9975)

z—-1
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— Adaptive Control (Astrom and Wittenmark, 95)

odel with input noise A(k)y(k)= B(u(k)+v(k))
Pole assignment controller Ru(k)=Tr(k)-Sy(k) R,S,T - to be designed.

BT BR
k)= k)+ v(k A = AR+ BS
y(K) AR+BSr( ) AR+ BS (k) .

Identified Model Kt 2’901—”’1[d

" +az+a,

PE TSR\ T [SI A v (k)=B, r(k)

Control Law w(k) = flu(k -1),y(k-2),y(k-1),y(k),r(k),b,,b,,a,,a,,a,,b,,,b,.,a, ,,a ,a ]

m2°~ml® " m2°
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— Identification

*Model:

RIS R CR R (k) = [y(k—1) y(k=2) u(k - 5) u(k—4)]

« Parameter Vector: RUGSICRESCACAR

-0.0219z+0.0154 _, 0.0925z
e Ty
z°—-1.918z+0.919 z° —1.0088z+0.08738

77 (= 5x faster than G(2))

G(2)

(typical 91% fit)
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RST Adaptive

Controller

x

Referfnda

sinal_controle2

Product3

To File2

Subtract Scope

tros_identifi

1

u Scope1

) 4

ionamento_RST2.ms|

’@ ‘ T

Terminator Scope2 To Workspace1

To Workspace3

iﬁl

|dentificador Recursivo

|| Scope? Ssturstion Gain1 .
. * Aricramenio B Ssids_RSTZmat
Delay To File
W
Scoped
X |Productd X |Producti
- - # E: 2
Yy A A Scope3
To Workspace2
-
"
4+
Subtract2
Al
Delay1
4 ScopeB
Subtract1
.<
To Workspace4 Delay2

P Scope5
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100 200 ann 400 L00 GO0 Ton aon ann

Time[sec]

o

E=IE=111

100 200 300 400 500 GO0 oo ann 900 1000

Estimated model parameters:
a) smooth filtered parameters, b) raw estimated model
parameters.
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On-Off controller, variable thermal load.
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PI controller, variable thermal load.
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12:30
H[hours]

FC ]
3 C |
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230 11 3EI 12: 3EI 13: 3EI 14:30

= RST controller, variable thermal load.
I_A?R uchspiess — AutPredial_IoT — Parte C - Aplicagoes — ENE/UnB




Table 1 - Controller Comparison — RMS error and Energy, 8-hour runs.

Error Energy Error Energy Error Energy

[RMS] [KWh] [RMS] [KWh] [RMS] [KWh]
Constant 0.14 6.69 1.55 3.12 0.53 3.42

Variable 0.12 /.89 1.18 4.84 0.43 4.63

Constant thermal load - empty meeting room’s door kept closed.
Variable thermal Load - occupancy change:

meetings, studying, and vacancy periods.
Opening of the door -> large heat flow (process parameters change).
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» On-0ff controller

€ consumes the most energy

MATLAB'

» PI controller ‘\

> Has a better following of the set point (thermal comfort)
€ Slow to reach the set point

» Adaptive controller: model based building climatization:
> Lowest energy consumption (quick pay back )
» Good thermal comfort
€ Extra hardware and software necessary
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Building Automation

IPhone
WiFi
Arduino
ZigBee
Infra-Red
Split Air- Cond.

(Daniel Vilela, 2012)
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Passive RFID user tracking in building automatio
(Frederico Rocha e Filipe Oliveira, 2013)

Supervisorio SCADA
SCADABR ..
A—Madbus_

Sistema de Rastreamento de Usuarios Sistema de Atuacdo
no Ambiente

Modbus

CON-USBBEE
+ XBee

Aplicagao saL Aplicagdo
Corporativa Middleware

Express

Leitara_2
Antena_4

I Antena_5
- -| Lettora_2
g "-|ﬂ\ntena_3

Transact-SQL

Ethernet TCP/IP ~fArduine UNO;

«[shield KBee,

+|Mbdule XBee,;
o |LDE;
L « |LhAGS,

Impinj Speedway |oHT e 10
R420

Sala_ 1 Sala 3

Impinj Threshaold

=

Distribuicda dos Equipamentos

. Antena_1 |--

Leitora_1
Antena_2 I— 1
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Y Occupancy by Passive RFID + Laser Beam \

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

Ambiente 1

Ambiente3

Ambiente 2




ontrole Antecipativo por Estimativa
/ da Carga Térmica em Video

A G bvthan e 1_1\ \ -

TG2018 Mecatrdnica {3
Mariana Pimentel e Alexandre Saran
@ python

1 Pessoa 0,116 kWh

Contagem de Pessoas

Liga/Desliga 7,92 kWh

Antecipativo

Ganho % 26,64%




// DyTEE MAC/UnB — ,
Dynamic Timed Energy Efficient \

MSc Vinicius Guimaraes, 2014

r Sinal de

‘\‘ Sincronismo

Nk ‘%\ Sensor '
"¢l Node

Dormindo Ativo Dormindo Ativo Dormindo

S .
© 10

’ |
DyTEE IEEE 802.15.4

P

< <l<l<
< <<=
© o © ©
< t=fl =g =
o o falja
| —

S
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/ Energy Efficiency - Labeling of Buildings

Qutras ndo renovaveis; 0,6% Nuclear; 1,3% Carvio
mineral; 5,6%

Eficiéncia Energética
Edificacoes Comerciais, de Servicos
Eﬁ_f_ubllcas

: Etiqueta
b NoooT eeomasenet S I e

l:.-nm'.rF Kaxew N

INMETRO Tura bleckmdeea: X g o8

Pt KTOR Xooos

Outras
renovaveis;
Petrdleo e 8,7%

derivados; -
34,4% | Lenha e

Pt FAC: Moo

PBE Edifica| 1sssess xow

carvdo
vegetal; 8,7%

Derivados da
cana-de-acticar;
16,4%

Hidraulica;
11,0%

Matriz Energética Brasileira 2021

Pré-requisitos gerais i Envollo ria
| mw

- Circuitos elétricos
- Aquecimento de agua

Derivados de Nuclear ; 2,2% Carvio e derivados;
petréleo; 3,0% | /2 3,9%

Bol‘llﬁcaqéﬁs HKX - Edif o O :-.1r:ﬂ1.
i Arsd Baraioeda: o1 x

Gas Natural ;

e 12,8%

Condicio namenio de ar

- Energia solar fol

- Sistemas da
técnicas ou de sisl

- Elevadores: x.xx

é

Hidraulica; |
56,8%

Solar; 2,5% |

Edlica;
10,6%

Biomassa;'
8,2%

Matriz Elétrica Brasileira 2021



https://www.epe.gov.br/sites-pt/publicacoes-dados-abertos/publicacoes/PublicacoesArquivos/publicacao-675/topico-638/BEN2022.pdf
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/ “Green Buildings”
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/TLabZero UnB — FAU/ENM/ENE
PROCEL Edifica Eletrobras 2020

GRAPHIC SCALE

0 100 200 300m




/LabZero UnB — FAU/ENM/ENE
PROCEL Edifica Eletrobras 2020

Lighting |

HVAC

ffice equipment

annual analysis | anal
O kWh.year 500kWh year 1000kwh year 03 2000kwWh.year 2500kWh.ye: 3000kwh.year /h.ye: bl i)

Useful daylight Illuminance (UDI) map above 2000 lux
for the Coworking and balcony area
Energy

Generation
(kWh/m?.year)

LABZero UnB

Energy demand




Thermal Zone
Forced Ventilation
Solar colector

/UIlB IlZEB Stlldy Ground Heat

Biogas
Photovoltaic
Dedicated Outdoor Air System

CLOSE HEADER QPTION
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/
//nZEB - UnB

CC - Estratégias energéticas

Legenda

01. Elementos de protegao solar calculados para
cada fachada.

0Z. Melhor aproveitamento da iluminacdo e
ventilagdo naturais,

03. Espacos verdes, que reduzem o efeito da ilha de
calor.

04. Elevada inércia térmica das fachadas.

05. Utilizacao de placas fotovoltaicas, para geracao
de energia.

(6. Captacdo de dguas pluviais.

07 e 08. Utilizagdo da chaminé térmica (7) ahada ao
poco provencal (8), para diminuir o demanda
energética do edificio.

0%. Resfriamento noturno: criac@o de aberturas
proximas a massa da laje.




/// LabZero UnB Automacgao IoT

e
ing, |

Access Poini -
Estimativa de
Ocupacio

——
}

Sensores,
Cimaras,
Bancos de dados -
acessiveis via Nuvem

Visao Geral

Divulgacado da Eficiéncia ' o —
Energética do prédio nZEB como router
loT na Nuvem Alarme

r Con Huminagio
Supervisorio com séries
temporais relevantes

""ll_ Sensores : Sensor i = Dt‘tﬂttlllrfde
Temp./ ) Movimento f:nr:?:s
/mids resenca) |-

Umidade (p ca) -




[LabZero UnB
Automag:ao IoT com ESP32

Access Point -
Estimativa de
Ocupacio

loT Sensing |
Data Collection

”

’ Sensores,

Camaras,
Bancos de dados -
acessiveis via Nuvem

web browser

—-I N

l‘HHl

EbPSE LoRa
Relés
Detector de
portas/
% Jjanelas
abertas

= Sensores
Temp./
Umidade
ESP32-CAM

Figura 3.4.1 — Visdo geral da automacio do projeto Co-Working ZEB UnB.




/- Conforto Multi-Zonas com carga
termica compartilhada

"
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/" Placa WiFi ESP32 + LoRa; ESP32-CAM  \

Figura 3.4.3 — No sentido horario: Placa WiFi ESP32 + LoRa; ESP32-CAM, Case, Case ¢/ antena LORA.




Raspberry Pi 4 Model B Overview

Pre-soldered
40-pin GPIO PoE (Power over Ethernet)

Header pins

True Gigabit
Ethernet Port

g5 _ 2 x IUSB 3.0 Ports
" - : 'l l g

e Broadcom BCM2711,
Quad-Core Cortex-A72,
64-bit, 1.5 GHz, 28nm

e VideoCore VI GPU

e Shielded
¢ 802.11 b/g/n/ac dual band,
2.4GHz & SGHz WiFi

« Bluetooth 5.0 & BLE , 1 L UMHISRE

PCB Antenna

-

MIPI DSI port ' \
(Display device) 5
microSD card
socket (bottom)

RUN & Global_EN pins

Activity Indicator
Green LED

Power (SV) Indicator
Red LED

Audio + Video
Composite 3.5mm Jack

MIPI CSI Port, camera interface
HDMI1 micro HDMI Port
HDMIO micro HDMI Port A
S t Dual
USB Type C, for Power, u%p;;;lwuc
upto 3A or 15W

2.5mm diameter Mounting Hole




/ Sensores € Atuadores

Model, ES

1 ctow '

[, ¥ 2
DHT22
Umidade + ESP32 + 4x (Optoacoplador +
Temperatura Relé)

Reed Switch — contato
A. Bauchspiess — AutPredial_loT— Parte C - Aplicagdes — ENE/UnB - maaqnetico




/ Luminarias dimerizaveis

PHILIPS

OCCUSWITCH DALI

&(R IRT8097/8099

RF
-

Interruptor

[Ji0kOhm




/" Dimmerizable Illumination (WiF1)
- ¢.g.: Z1gBee/BLE/Lora |

) e )

Acess,Points

Luminl‘Ire

Lumingire Lurr‘xinIrire / Lumidai
1 g umipaire
GI / Lumiaire

I
I
I
I
wiF
I
I
I
I
I

N—— Daylight Sensor Presence Sensol
Daylight Sensor Presence Sensor yig

. . : iy ) |
User Interface Dimmer | THmmerd Dimmer 3




/" NZEB Circuitos Luminotécnicos




y Automacao LabZero — sinais (pontos)

WOrSWEn WonsWiE o Wil

B, Alexa nest GoogleHome

)))
ConoFeE Pow Conforto)

"? WIFI Remote Control Energia
' ESP32-CAM
+ Rasp. Pi

L Custom Caller On/Off
@ Timing Function

(@ Time Calibration

5
Dy -

o O

T oy,

Iluminacio
ESP32

Medicao do consumo
de energia iluminagao:
Zonas + “demais”

HVAC
Rasp. P

Pontos

TT11- TTI8
MT11-MT18
ANI11-AN13

LXI11-1X13
LXC11-LXC13

JX71-JX75

DI11-DI13

DI21-D47

VF1-VF4

D01-D02

D03-D04
DO5
WO01

W02

Tipo
Al

Al

Al

Al
BO
BO
BO
Al

Al

Descricao

Temperatura DHT22 posicoes 11a 18
Umidade Relativa DHT22 posicées 11a 18
Anemometro posicoes 11a 13

de Luminosidade posicoes 11a 13
Comando de Luminosidade posicées 1 a 3

Medidores de Energia: JC compressor, JV ventilacéo, JE
evaporativo, JI iluminacéo, JD, demais cargas

Presenca - Camera nas posicoes 11, 12 13 e 14 (Numero de
pessoas por zona)

Sensor de porta/janela aberta “Reed Switch”

Consumo Energia: CD EV Vent Evap

Vélvulas R1 e R2

Posicéio da Valvula V1 (duas posicoes — Evaporativo e Sgeo
Acionamento Liga/Desliga Bomba D’dgua

Energia Fotovoltaica Gerada

Energia Elétrica LabZero Consumida
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Fluxo da informacao no nZEB

MQTT BROKER

TOPIC
esp/output ]

_Nude-RED

o\——p

Subscribe Publish

>
[
[
[
[

esp/ldr E

493

MOTION DETECTED! |== == = = ==

Temperature

] i v, -.1’ ,-" »
u o e e
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Acesso externo (“Nuvem”) no nZEB

Quadra de Comanda

BO1 Comando Sistema Split
BO2 | Comando Sistéma Evaporativo

21 DHT22 da Sala de Réunibés
Interface Grafica ﬁ

Interface Grifica Bi2 DHT22 Ambiente Externo
DHCF 192.168.1.5-100 DHCP 152,168.1.5-100

NIt I T 1111 F
Cabo UTP CAT 5 GG -1 Qa
[ Els:h

Roteador Wireless i Mosquitto Chent
182.168.1.1 =

Mosquitto Chent

Raspherry Pi

Mosquitto Chent
arﬁ
& Mosquitto Chent

A. Bauchspiess — AutPredial_loT — Parte C - Aplicacoes — ENE/UnB

RADA]  MySQL Mosquitte Broker

openHAB




Simbologia (Adaptada da NBR 5444)

Temperatura e UR, Transmissdo. DHT22: cabo 3 vias + blindagem: +5V, Gnd, data (serial, bidrecional) Computador de Desenvolvimento/Mantencio

@ Sensor Lux (DALI, montada na luminaria)

Controle Supervisério (Openhab): Raspberry Pi 4 modelo B

Alimentagéo por bateria e 220V

’ ] . ) . % Controlador Digital Distribuido: WiFi ESP32 LoRa Display OLED;
@ Dimmer com Fonte alimentagéo +12 V (para elementos DALI: sensor, dimmer e Lampada) %

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

@- Luminaria LED dimerizavel: Controlada manualmente por potenciémetro ou via ESP32 associado. Sensor de Presenga/Ocupagao: ESP32-

/f-\\ Access Point :

N

Sensor Lux; Dimmer

[l CAM;Alimentagéo por bateria e 220V

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

Quadro Eléfrico v T
Quadro Comando

:
2 DA NANA
AREA TECNICA
16,26m2
([ 1]a]
000

AREA DE TRABALHO
74,00m2

(TT]

SANITARIO
3,83m2

PROJECAO| BRS 3
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NZEB — PI‘OJ Ct() de AUtOma(}aO (““com cores”)

Anemometro

PC SV ACCIss Point

AP

— Quadro de Comandd - HVAC
ESP32 | Mote lu'llf ESP32 l.&‘“{:l - |:(IIIIJ|.‘ | Conexded optoacopladas dos shais via refé SSR

: Cabos: p;h‘ trangadolcom lwlid;n]lvcm

| \
Sensor T+UR: DHT11 cRouLAGRO
34,85m2

Sensor Luminosidade

1
\
1
1
|

|

|

|
re |
1

l)immct]_

Comando EStSZ
Modulos SSR .

AREA TECNICA 5,
16,26m?2 @ ) A -
[ 1]A] EV 01 A PC
¢ 0,00 Vo |AP ;
I W)
] N\ < >
AREA DE TRAB)Q :

e

1 74,00m2 -

(1A [':SPRZ;( '‘AM
$ +0,50
b
\V4

\Pbm VESTIARIO

liSl’324('u\M
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/// HVAC - LabZero UnB

1. Ventilagao natural + chaminé solar/ (passiva);

2. Ventilagao Forgada + chaminé solar (VentFor) /(ativa);
3. Refrigeracdo mecanica (RefMec)/ (ativa);

4. Em complemento, e somente na area da varanda,
Resfriamento Evaporativo (ResEvap)/(ativa)

{ N Aguaquente
t\ TAQ )_' (para chuveiros)
. S

RTS$18/24/36 A ——
Agua reposicdo
(50 I/dia max)

Zona Climatizada
(Coworking, 74 m?)

.....

18 x difusores de piso
Condensadora Split Acqua
Evaporadora Split New Utopia HFC
4 x Ventiladores Centrifugos

GR22V-41P.Z8.AR ventilador centrifugo
A. Bauchspiess — AutPredial_loT — Parte C - Aplicacoes — ENE/UnB




N\

Access Point Damper
/ ~ Internet RieR?
Automacao B — —
Cﬂrr_lawwdur T | Atuador Vilvula 3vias
. Desenvoly. Rindri I —
P d 1 I T A
re 1 a O Telas ij' ' Ventilador
Supervisorio Controlador o Centrifugo
(SCADA) Logico _
- Programdvel | L — ey
Reed Switch R Energia ucD
22 x Janelas 0 !,nd"a! :
niversa S— i
1 x Porta e SpaceLYnk JFases -
T L5100100 '
3 x Sensores Entrada i Hinta
BaI'I‘amCIltO KNX Temp/Umidade analogica — —  Hidrilica
0-10v Atuador
Bindrio
¢ S = Tlum. Area
s : CoWorki
Controlador Logico Presenca/Lux o
Programavel SpaceLYnk

, s 510315 Binadrios
Read Switch 1 a 8 Nore
,_p-"'_-r"‘_-"'_r"

KNX - Sensores Lux/Presenca/Movimento; Medidor de Energia
Sinais Analdgicos 0-10V

. S35 Relé 220V Cabo elétrico - UCD, UEY,

Ventilador Centrifugo, Bomba hidraulica, Valvula 3 vias, R1e R2

também € Supervisorio

Temp. “F‘IEE-M'.'. Preshh.
Lmidaste|{Lumin. Lumin,

- Telas Mimico _—
O . Ed
- Séries Temporais —y nem.

Co Area Co-Working
EV, Tret

Temp. “F‘resh‘lv.

\aranda
=

|imidade |Lu1'1m.
,_r‘_-*‘_-ﬂ"_.-f

Reed Switch 9 a 16 Sul Reed Switch 17 a 22
Janelas Evaporativo

l_f'__/___f___.f'__.___ _—
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/ Automacao
Predial [oT -

reposicao
Ar-Condicionado

Faixas de trabalho para
a comutacao entre os
modos o ar
condicionado

— a definir!

OPEN  OPEN OPEN

R2 CLOSE CLOSE
D D

VEX ON

CLOSED

ucp/
UEV

Vi

A. Bauchspiess — AutPredial_loT — Parte C - Aplicacoes — ENE/UnB

| : Ventilacdo Induzida (VI, chaminé solar)
II: Ventilacdo Forcada (VF)

I1l: VI/VF + Cobogd Evaporativo (REV)

IV: Sistema Split (REF)

Uma vez ativado cada modo de operacao, o controle é feito
sobre as vazoes de ar, agua e refrigerante, por meio dos
variadores de frequéncia (VF1 a VF4) em funcao do conforto e
qualidade do ar no ambiente.

* Indiferente




== T
Automacao }

Predial IoT

[luminagao

DALI

[2[0]

I, . + O —

Vol iy W LT . 3 .
"o il ! ¥ :
A wem ! e O OSRAM  ==: 'mi

OTi DALI 80/220-240/2A1 LT2 L picture only for 1

Al Input? Output” SELV

1-Mains L { 21-LEDs
2-Mains Ta 22-LED-
3-na | It 1 23-LED+
DALI MCU LED Dimmer  DALILS/PD CIBT1 4-PE  Toueh » 24-LED-

5-n/a DIM d 25-n/a

g e 6-DALI . S LEDset | 26-LEDset
- Sensor de Luminosidade/Presenca 7-DALl .3 LED-aux 27.LED-aux
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/ Automacao
Predial [oT

Alocacao
Fisica
dos Dispositivos

de Automacao

Adaptado
NBR 5444

&
@

Simivologa (Adaptada da NBR Hdd)
Sanuarf Tamparaiurm o LR, Tranamissio Sodal, Cabo blindade, Precisio £0,5°C 7 #1%LR
Mulii din Luminosidada, Cor "Hua')a | ;

Dimemar cam Fara ha +12 V' |pam DAL snraas, dimmara Limpada)
12V podem serfomecedos, atiematrvamenie, peko sisiema Fy|

Lumingra LED TW dimasizdval com Gantoladar Ebstsbnico - Dever ECG

Aitaid Paifi|
Delecior porafjanela abera (23 & Reed wwilch), am cada pora @ janela da dma de cossaning.

Deiscgbo pord Jonas: conmxho om séng dos sensoms de uma zona. Entradas binanas do CLP.

Zonai: RE1I-RE14, Zona2: RE21-RE0, Zonad: REY1-REM, Zonad: RS41-REES

L Indarda Dasanvalyi L T

Conlmlador Logica Prgmmavel HAC com inlarfaces MadBug,
TCFIIF & U saidas de Bele. Telas de supsrisono via TCRIIF

Conirel ador DALI

Semart Pug J0F ou KX TransmissarMedidor de Energia Eldtnca;
JC HVAC-Campe.; JV HVAC-Vand ; JE HVAC—Evan, JB Bomba ddgua
J1- huriricho; | - Devnaid. cangans [PO3 coaworking, galadeica s

96/6/6]60]

AREA TECNICA

Modbus RE48E)

{"f;‘]_ " Saida Relé 1.7 DL

Trap.
Diwie

| L
Trop
Dirive

16,26m?
evole) o1 ) .

SAWITARIO ’
S

y
AREA DE TRABALHO
74,00m2
1K :

$+L: 80

Aulomar o HAG
(Area Tacnica)

WER = Wenlilador Exausir
BAL - Bomda d agua

V1 - Vilvula da 3 vies

A1, A2 - Dampans

UEY = Unidade Evapordom
UCD - Unidadi Condans adod

[il3TA

0,80
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EH- ; I
- Ao py

| Logic
5‘%".8"1“‘; Controller 2 8 Medidor UNlcon  ziv s

/ Automacao
Predial IoT

Pm?ggol g @ Consumo

LSS100100

Wiser for KNX

Logic Controler |

=
2%

| Exaustor

| I com Driver
Damper com

acionamento
On/Off

Dispositivos e [

Evaporadora

Switch
HitaeWi

de Automacao | _' e [

Bomba hidraulica com aionamento

s,
vy

KNX

Sdyeider

o KNX-DALI ‘

e Gateway Binary

L e m W Input

@00 0-0 Reed
PS Switch

D1+D1- KNXIPRG

ool |

| oo | | v | ||
ss0.DuIPO2UT. 1T 3
KNX

902' DALI
DALI Pro umidade ‘ LS/PDCI
2loT temperatura BT

Schgider
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Design
Specification
Execution
Supervision
Comissioning
Operation
Maintanance
Consulting

/{{uilding Automation — Where to work\
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/" The “near’ future \

\

* Energy Efficiency Labeling of Buildings
* nearly Zero Energy Building - nZEB

* Assisted Living

* Smart Cities

* Digitals Twin
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Thank You!

Adolfo Bauchspiess

www.ene.unb.br/adolfo

adolfobs@ene.unb.br
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