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Brasilia — Capital City of Braazil

e 1960 - President J. Kubitschek, Architekt O. Niemeyer
e 1.000m over the see level
2 Million I_nhabita_r_1t_ (Federal District)
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Technological Faculty

4 Departments

* ElectricalEng.- ~200Beginners/Year
» MechanicalEng.

* Civil Eng.

* Forest Eng.

6 Degrees

*ElectricalEng.
*MechatronicEng.
CommunicatiorNetwork Eng.
*MechanicalEng.

«Civil Eng.

*Forest Eng.
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Electrical Engineering Department

43+ lecturerdn 5 areas
Controland Automation Telecom Electronics
PowerSystems& CommunicationNetworks

Areas organized in research groups,

GRAYV - Grupo de Robotica, Automacao e Visao Compatet
LAVSI — Laboratério de Automacéo, Visao e Sistermdsligentes
LARA — Laboratorio de Robotica e Automacao

GRAV

AssociateProf. Dr. Adolfo Bauchspiess
Adjoint Prof. Dr. Geovanyde Araljo Borges
Adjoint Prof. Dr. JoaoYoshiyukishihara
Adjoint Prof. Dr. Marco A. F. Egito Coelho
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PROBRAL
PROgrama de Cooperacao Internacional
BRasil-ALemanha

“Networked ControWwith Distributed Processing
for Building Automation

N an Framework”

Only supports Interchange of Researchers
Each side must have local research ($) support
~ 2 Profs. + 2 Ph.D candidates / Year

2 (+1) Years
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Some on-going UnB-Projects

LEARN
Expansion-CARCARAH

Related with PROBRAL.:
e SAPIEN

e CT-Energ

e FINEP-INOVA




LEARN

Laboratorio de Ensino de Automacgao Remota.

Define Controller

Prop. _! Prop. Int.

Prop. Deri. PID Control Send Controller 2

Define reference

Step Square 4 Send reference 1
Triangular Senoidal Frequency Amplitude Send reference 2
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Segundaos

Edit reference Show Plots:
[v] Reservoir-1
[v] Reservoir-2
[v] Reservoir-3

[¥] Actuator-1 [v] Actuator-2 9,65 cm




UAV Inspection of Power L SR
Transmission Lines i

Project Carcarah
-Expansion Ltda
-ANEEL

<




ProjectsSAPIEn CT-Energand FINEPINOVA
EnergySaving Approach:

Model-Based HVAC Control

hp

h.-1
3= (y(k+i)=yg) + > AuT (k+1)Qu,Au(k +i) +u’ (K +)Quu(K +i)
i=0

=1

%K—J
comfortrelated energyrelated

Where

h, — predictionhorizon

h, —control horizon

y —controlled variable

Yr —reference
u—manipulatel variable
Qau»Qy —Weightingmatrices
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Dynamic System ldentification

Cynamic
System

u - input (manipulated variable)
y — output (controlled variable)
w — measurable disturbance

vV — non-measurable disturbance
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First-Principles Identification (KL-2006)

: h on/off
-c on/off
—-=eo=-= Gs/50 W/m2

Typical identification data set
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b) First-Principles Structured
ldentification

G,

2R1C analogy of the vicinity heat transfer 2R1C-based disturbance model

__aKsG(9) |, aKsT(9 |, aK,sTy(S
(as+D(as+]) (astD(as+l) (as+l)(a,s+l)

Heat flow due to disturbances: (o
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First-principles structured thermal model

Kr
av.st+1l
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Heat flow obtained with the
first-principles structured identification
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PROBRAL-Related

SAPIENn—
EnergySavingby FuzzyDistributedControl

Energy Saving
Thermal Comfort
Building Automation
FAP-DF suport

Campus UnB (2007) 995 window air conditioners
>R$1.000.000,00/Year (1€ = 2,56 R$)
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Experimental Environment

Sensor Presenca

Sensor Temperatua
s /

/ CONTROLADOR FUZZTY

Sensor Temperatua
ooftware Action'iew

= REDE 485 - CONTROLADORES

s REDE 435 - MEDIDORES ENERGIA

B/KL ®A.Bauchspiess 23.7.200




w¥ Action¥iew - Run Time - [AR CONDICIONADO]

glgpresentar AcAo  Editar Exportar  Imprimir  Configuragéo  Janela  Acessdrios  Ajuda _|E|i|

© 0 N b &0 7 - i by T @) 2~ e

ﬁ SPIN

ENGENHARIA DE AUTOMAGAD

® @ @

_SALA CIRCULAGAO

TEMPERATURA EXTERNA

Eﬁ,ﬂﬁ *C

|
SETPOINT 1B B ®- SALA DIRETORIA
pa.50 *C ‘|  SALA DESENVOLVIMENTO s =
o eiEzmT. ot TR
= ® - = L TEMPERATURA EXTERNA
o P6.93 °C 6,55 *C

TEMPERATURA EXTERNA

52,46 *C

2210/2008 | 13:47:.55




«% ActionYiew - Run Time - [Alarmes Correntes Nimero de Linhas=3]

@ Apresentar Acfo  Editar Exportar  Imprimir  Configurag8io  Janela Acessarios  Ajuda _|E|£|
LN e § iR, Jea. N (=)

O NANEEHE - Ui T o B

I ﬂl J | | | Recunhecerl Ajuda | Sair |T Aplicar
Fl|Rec| Data Haora aistemal Grupo Tipo Uescricao | Grandeza ‘v’alnrl Limite |
Fos  19/09/2006 15:09:41.000 SPM AF‘;=1 bl EMERG AF’L=1 TEMPERATURA EXTERNA Temperatura 32,12 32 °C
Fos& 19/09/2006 15:10:11.000 SPM AR_2 MAXEMERG  AR_Z TEMPERATURAEXTERMA Temperatura 3209 32 C
F e 19/09/2006 15:09:50.000 SPN AR_3 MAXEMERG  AR_ITEMPERATURAEXTERMA Temperatura 3246 32 °C




SIMULATION

Simulink®

MIMO process:
= 4 rooms

s 3 air conditioners
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Fuzzy

I_F:zzy—l AWUpCii 1

Room 1

VvV Yy vvvwl

>

Room

Room 4

>

|_F:zzy—l AWUpCitrl2

>
Fuzzy-l AWUpCitrl3

KWh / ISE

Room 3




Room Model

extemn
disturb

Gw2

T vicl
Gvl

Room
Thermal
Capacitance

Cool_on_off

Chiller Temp,
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Controller

ref

Work Hour| (% So | Passif PWML

- predialSpin ork Hourl
difExt

’7 switch 11! ~F¢._>I_> D)

KWh/ISE

Prod. |nteg_
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Fuzzy Rule Basis

output = 6.55

1) IF (erro = p) AND (setpoint = set)
AND (Difext =d ) THEN (output = p)
2) IF (erro = n) THEN (output = zero)
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Distributed building controller Prototype

Ic Controller




Developing Room
On-Off 16-09-2006

— Setpoint

——T. Interna
T. Externa
Inf

— SUp

Setpoint
——T. Interna

—T. EXterna i
—nf ~30% saving!

— S U




Measured and Reconstructed Signals
- Multi-Room Experiment (June 2007)

—Ti Al real
— Ti A2 real

—— Ti A4 real
—Ti Al sim

Ti A2 sim

— Ti A3 sim
— Ti A4 sim
— O™
— OP2
—— (OP3

Te Al

Te A2 I

Te A3
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FeNep Intelligent Building Automation

Wire Less Prototype — LAVSI-LARA/ENE-UNB

(110m%)
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Air Cond Actuator
Temperature Sensor

Humidity Sensor

- Anemometer

A Presence Sensor

Access Contro.
(Finger Print

. USB Camera
Infra-Red

Air Cond

& Split Air Conc

Energy Meter
Ny

=

'\@} BAS - Building
s Sd

Automation System




Singular Systems
(Descriptor Systems)

Joao Yoshiyuki Ishihara




Outline

s INntroduction

= What is a singular system
(descriptor system)?

s Examples of descriptor modeling
s Some results: stability, filtering
s Future work related to PROBRAL
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What Is a singular system (descriptor)?

f(x(t) x(t)u(t))=0

Implicit equations
Linear case

Ex(t) = Ax(t)+ Bu(t)

Singular equations

In particular:

x(t) = Ax(t)+ Bu(t)

Usual statespace equations
chspiess 23.7.2007




What Is a singular system (descriptor)?

Another characterization

Ex(t) = Ax(t)+ Bu(t)

Can be re-written as:

0 = Hx(t)+ Ju(t)

Differential-algebraic equations
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Descriptor model
RLC circuit equations




Example: Robot with Restricted Motion

Minimizagao de energia para robds com restricdo
Trabalho de mestrado no LAC - Aluno: Caué Peres
Orientador: Paulo Sérgio P. da Silva
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Example: Perturbation analysis of lar ge systems

Large systems: small parameters are set to zero

X (k+1)= A% (k)+ A%, (k) + Bu(k)
&%, (k +1) = A%, (k) + A%, (k) + Byu(k)

Simplified model

X (k+1)= A% (k)+ A%, (k) + Bu(k)
0= A (k) + A,x, (k) +Bu(k)

Ex(k +1) = Ax(k)+ Bu(k)
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Example: inter connected systems

Large systems: collection of interconnected subsystems

Overall subsystem equation Interconnections:
overall input u(k) and

overall output y(k)

N

i

Obs: A state-space representation may not exist
for some interconnected systems
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A system with no state equations
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Example 2: system with no state equations

Agricultural production growing curve

Logistic function

* Exponential growth
* Linear growth
* Logaritmic growth
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Example 2: system with no state equations

The agricultural production growing curve
IS solution of the following singular system

82

0 32—-Tl
0000 («2laf-lal) ] =
000000 0]z
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Impulsive Responses

In the state space formulation we have information loss
(Impulsive solution)
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Example: Filtering of non causal system

Z(k-p) Zk) Zk+p)

Fig. 1. ROS of noncausal model.
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Pros and Cons for descriptor modeling

s Riccati equations are related to Hamiltonian
extended pencils
(which are in descriptor form)

s State-space systems are not closed
under PID feedback

= Any rational transfer function can be
represented by a descriptor system

CAPES/DAAD PROBRAL UnB/KL ®A.Bauchspiess 23.7.2007




Pros and Cons for descriptor modeling

s It is a very natural way to model process
dynamics.

s It refers much more to the physical behavior
of the system and gives more physical
insight.

= The interpretation of results is also more
simple than in case of the more abstract
state space models.
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Aplication: Liquid Level Control System

hy

R,

==l

9
Figure 1: A liquid-level control system

g,q1, gz : rates of the flow of liquid (m?3/sec);
A;, As : areas of the cross-section of tanks (m?);
hi, hy : liquid levels (m);

Ry, R; : flow resistance (sec/m?);
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Aplication: Liquid Level Control System

State Space M odel
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Liquid Level Control System - Closed loop
State feedback
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The extension of state space results

to descriptor systems are not direct.
Example Stability: Classical Result in the Literature

X(t)= Axit )+ Bult T ———
v(t)= Axt)+But) A P+ PA+C C=0

Descriptor versions
Ex(t)= Ax(t )+ Bult

y(t) = Ax(t)+ Bul(t)
A"PE + ETPA + E'C'CE

=0,P =20

A'"PE + E'TPA +C'C =0,E'"PE >0
A" (PE+E,Q)+(PE+E,Q)"A+C'C=0,P=0

Ishihara et al., 200

ATX + XA +C'C=0,E"T X =X"TE=0




Kalman type Filter for Singular Systems

The filtered estimates recursion

CAPES/DAAD PROBRAL UnB/KL ®A.Bauchspiess 23.7.2007 (Ishihara et al., 2005)




Kalman typefilter for Singular systems

Thefler |maesrecursion

— 0 0 0o 0o 0o o o
)

Can be rewritten as
~ -1 _ A _
Xi+gj+1 = Fi+y) +1EiT+1(Qi + KR FiT) F X+ B +1Hi-|-|-1Ri +112i +1

_1 y 0
R+]li+1 :[Ei-l;l( | +FR FT) Ei+1+ Hi-I;1R+11Hi+1] :

The a priori filter is not equivalent to the a posteriori filter
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Robust Filtering

s System with uncertainties :
(B +0E )%, = (F +0F)Xx +w
= (H; +8H,)x +v

oF =M AN,
O, =M ;AN

oH;, =M AN, ;
o<1

= Kk Ktk r Ke—1
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Kalman-type Robust Filter
(Ei,p +0E,1)X%, = (F +0F)X +Ww
Z =(H; +oH;)x +Vv

Robust filter
)ﬁ+]j+1 _{P+J||+1[E|+1(Q t I:|)|| FT) ¥ X Ne|+1Nf il(l 7L jNe|+1Nf |)})§||

+BgaH +1R iz

-1 A
I:)i+]ji+1 |+1( |+FR|| ) E|+1+H|+1R I_||+1
+7\'i[Nh,i+1Nh,i+1+ N(-er,i+1(| +7\'iNf| ||| |)_1Ne|+1]
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Future work related to PROBRAL
1) Descriptor systems with Markovian jumping
Egi0)%+ = Fop)X% Gy W,

Z = HyiX + Ky

Already done: array algorithms for filters of
Markovian jumping Linear systems

2) other possibilities?
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Conclusion & Perspectives

Wire Less Automated Building
as NCS Test Bed

Modelling of Thermal Processes
Stability Analysis of NCS + Distributed Automation

SpecificHardware x COTS
for distributedautomation

?2UnB + KL ?
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Danké Obrigado!

Wir freuenunsauf die Zusammenarbéit

adolfobs@unb.br
www.lavsi.eneunbbr
www.eneunbbr/adolfo
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