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Matematické modelovani soustav

dh _
dt

* Popis diferencialnimi rovnicemi kO —k,Nh

— identifikace soustav

 Modelovani v grafickem prostredi

|

— prvky pro spojité i diskrétni systémy

— matematické operace, nelinearity

.. , oL (%2 Vytokz nadoby EE—=)
— VStU pnl Slgnaly a grafICke Vystu py File Edit View Display Diagram Simulation Analysis Code Tools Help
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« Snadné propojeni s algoritmy pro .
Fizeni a zpracovani signalu a 1 _
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Fyzikalni modelovani soustav

» Bloky reprezentujici realné prvky

— skladani na zakladé fyzické struktury

— bez zapisu diferencialnich rovnic

Simscape

zakladni prvky soustav:
mechanickych, elektrickych,
hydraulickych, ...

Simscape Fluids

hydraulické soustavy

Simscape Multibody

mechanické soustavy ve 3-D

Simscape Driveline

prevodova ustroji

Simscape Electronics

elektronické obvody a pohony

Simscape Power Systems

trifazové soustavy a pohony
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Modelovani ridicich systému
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* Propojeni modelu soustav s regulatory T -
— libovolné fidici smyéky - M on] | (=
« Navrh a modelovani regulator

— spojité, diskrétni, stavoveé

— blok PID regulatoru v mnoha variantach

— vlastni regulatory ze zakladnich prvki
« dvoupolohovy regulator, obecny prfenos

« Nastroje pro ladéni fidicich systému 1>
« Spojité a diskrétni prvky v jednom modelu 11>
+ Bohaté knihovny vstupnich signalii >*6i

Filter



Ladeni PID regulace

Pro jednosmyckovou PID regulaci

— vice smyc¢ek lze ladit jednu po druhé

Vyuziva linearizaci soustavy

— mozna volba pracovniho bodu

Jednoduché grafické rozhrani
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" Function Block Parameters: PID Controller

PID Controller

This block implements continuous- and discrete-time PID control algerithms and includes advanced features such as anti-
windup, external reset, and signal tracking. You can tune the PID gains automatically using the 'Tune..." button (requires
Simulink Contral Design).

Controller: |PID 'l Form: [Para\le\ »

Time domain:
@ Continuous-time

() Discrete-time

Main | PID Advanced | Data Types | state Attributes
Controller parameters
Froportional (F): 1 = Compensator formula
Integral (I): 1
Derivative (D}): 0 pe1lip N
1
s
Filter coefficient (N): 100 1N .
4\ PID Tuner (PID_reg/PID Controller) - Step Plot: Reference tracking (=] 6
PID TUKER -z -HEE LS DE —
Plant: Type: PIDF Domain: L f @ + + i % 0002807 %
Plant ¥ TN T Time - Slower Response Time (seconds) Faster 2 E D
) ! ; ; ; ~ ; , 6 2| Reset  Show Update
Inspect Options Add Plot ! t t t hd t { .
< @ = Aggressive Transient Behavior Robust Design  Parameters Block = :
PLANT CONTROLLER DESIGN TUNING TOOLS RESULTS

| Step Plot: Reference tracking

— PID Tuner
Control System Toolbox

Simulink Control Design

Data Browser

Step Plot: Reference tracking
T T

Amplitude

Help.

!
0.002

|
0.004

| i i | | | i
0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02
Time (seconds)

Controller Parameters: P = 42.71, 1 = 1.911e+05, D = -0.05041, N = 847.3
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Navrh a ladeni obecneéjsich ridicich struktur

[ P ro o be c n é S I S 0 s sté m 4\ Control System Designer - Bode Editor for Open Loop 3 — [m} *
y y CONTROL SYSTEM BODE EDTOR A e ME A e "tj'-r" = (2
= B
vrs 7 gs . . oD = % & B @
* Vyuziva linearizaci soustavy Go e e s ow e s fere o e e
. s o " - Flot + -
FILE | ARCHITECTURE |TUNING METHODS |ANALYSIS | DESIGNS |SIMULINK |PREFERENCES |
- - - Data Browser ® | Bode Editor for Open Loop 1 | J Bode Editor for Open Loop 3
— m oz n a VOI ba p racovn I h o bod u w Controllers and Fixed Blocks i 150 Open-Loop Bode Editor for Open-Loop 3 (L3)
scdairframectrl_az_Control_az_DTF Open-Loop Bode Editor for Opan-Loop 1(L1) =
. . 50 m
scdairframectrl_az_Control_az_Gain R \
\V4 r ry scdairframectrl_g_Control_g_Gain é 50 |G.M:-22.3 dB
« Ladéni systému lemmee |
=
5 O =N — - - Stable loop
- - ” -« , w Designs - 'BB
— algoritmy pro automatické ladéni g |
F -50 B 270 |P.M.: 64.7 deg
G.M. 317 dB - Freq: 5.46 rad/s
N . - Freq: 3.78 rad/s e -2 0 2
— interaktivni grafy w0
-100 | T_StepAz2AirframeModel_ptl_: step 0 |
w Responses 360 ~ Ste '
i p Response
4 LA 4 g K T_StepAz2AirframeModel_pt1_ P.M.:75.4 deg ym: scdairframectrl/Step az/1 To: scdairframectrl/Airframe h
— manualni uprava polu a nul Fog 0.2 e 1
Open Loop 2 = 180
Open Loop 3 ; 0.8
L] I 4 r § § 0.6
* Grafické rozhrani T o
E 04
g
. -180 0.2
— Control System Designer D
Frequency (radis) 0 2 4 6 a 10 12 14
« Control System Toolbox
]

Simulink Control Design



Ladéni komplexnich fidicich systému

* Libovolna struktura ridiciho systému
— spolec¢né ladéni vSech prvku
* Vyuziva technologii SYSTUNE
— linearizace modelu a nehladka optimalizace

* Knihovna nastavitelnych kriteérii

— v ¢asové i frekvencni oblasti
— kritéria stability

« Grafické rozhrani
— Control System Tuner

« Control System Toolbox

« Simulink Control Design

o
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4\ Control System Tuner - rct_helico

(" Open Session

[ save Session

FlLE

CONTROL SYSTEW

TUNING

op: . :

© A hewpot - @ @ H®

Linearization Options Store: Neﬁ"mﬂ Compare. m lelp
LINEARIZATION ANALYSIS.

oesiGNs SIMULINK

E=YET=x=)
Holisla@00

o] 1

| PoleReq |

StepRespReq: Step response target

From: theta-ref From: phi-ref From: r-ref
-2z - ‘
= Actual
= 05 Desired
~ Tuning Goals =
StepRespReq z | T
MarginReql
MarginReq2 q
PoleReq

-

P Responses
¥ Designs
Designl

P Data Preview

Amplitude
To: phi

[ —

Design Summary.

PolsReg: Closec-loop pole location

00 -
o7t 05038 DO [2 Fos

Ty

= 0.8

I i e s
B 007 .. R 0
g0 i i
o K i
£ osr H i
E 30

oD " lE A 0240 1240
%5 40 @ 20 0 0 10 2N

| MarginReql | | MarginReq2 |

srafReat: Normalized sabilty s srgiReq2: Normalized statilty ma

Optirnized

Optimized

rct_helice_SOF =

4=

ul uz u3 ud us
vl 1.663  -0.1221  0.09324 0.6104 -0.000249
y2  -0.2899 -1.427  0.02918  -0.07959  -0.1099
y3 -0.002111  0.01174 -2.259  -0.01215  0.03313

rct_helico_PI3 =

1

————— | Kp+Ki*-—

with Kp = 0.139, Kl = -2.59

Bl : Actual = Actual

10 10°

trolling the vertical accelemtion of an airframe
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Ladeni na zaklade optimalizace nelinearniho modelu

* Pracuje s nelinearnim modelem v
Simulinku

— nastaveni podminek pro zvolené signaly
* Libovolna struktura ridiciho systému
— vybér parametru pro optimalizaci
« Rlzné optimalizacni algoritmy
« Grafické rozhrani
— Response Optimization

 Podpora paralelniho vypoctu

 Simulink Design Optimization

Group 1
Aogle

Set Point

PID(=)

Force

FID Contraller

4

v
=

Angle

?

System

Check Custom Bounds

o
D
Design Variables Set: ) Designvars v 87 [ Select £ & Plot Current Response
D

PLOT

Uncertain Variables St [§] None = & 4 LilNew » | £ AddPlot =
.

0
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Check Against Reference

“ sDO_for_image/Check Ag...

= ‘ SDO_for_image/Check Cu...

x| Desigpars  x || Optimization Progress x|
o .

w MATLAE Workspace

o x|

.
.
SDO_for_imageiCheck Against e Lpizte biock | lo®
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Name [N |
g : ;
[ 0.1000 N ;
fo
H v j ! o
He 1. 0 E
.
HH tout <1001 d... o o
ix et =i s o e
- % %
v SIMULINK Workspace (SDO_{gr_mage) | g g
04
Name - [walug | |
M 02
0 -0
10 o 2 4 B 8 10
w Design Optimization Workspace
Tter | F-count ) max
Name £ [vae [ | | constraint
Designiars <%l para... 0 3 710478 12000
K 1 13 11885 4.4409e-15
2 20 14659 0
3 ) 06674 0
v Variable Previsw 4 * oAt 0
DesignVars(l,1) =
1111111111111111111111111111111111
Name: 'D'
Value: 0.1000
4
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A n a I yza c I t I I vo st I 4\ Sensitivity Analysis* - modell - Scatter plot: ParamSet — O *
VIEW

SENSITIVITY ANALYSIS STATISTICS
E ﬁ @ Parameter Set to Evaluate: @ M Store Intermediate Data @ @
Open Save Select Generate | ParamSet i New Select for ﬁ Options. Evaluate  Optimize
Session  Session «  Paramsters = Values « Reguirement = Evaluation Model -

FILE | FARAMETER SET | REQUIREMENTS | OFTIONS |E\||'A.LUATE ‘ OFTIMIZE

* Uréeni nejvlivnéjSich parametru S T o e e =)

W Parameter Sets 5
10 2

modelu v Simulinku . s I

[}

— vybér parametri pro analyzu e

— kritérium pro vyhodnoceni citlivosti ol T L
1.1 £ ] ‘-'.: ..__ -
* Grafické rozhrani - N SR A h
— Sensitivity Analysis Tool : R I O S R, H

» Simulink Design Optimization ¢t R LR

i) Parameter values updated

MaxVoltage RiseTime
R1 C
R2 R2
c R1
R R
-1 0.5 0 05 1 -1 0.5 0 05 1
Parameter Influence Parameter Influence
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