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1) Uvod do Stateflow

Zakladni prostfedi, bloky a koncepce

Stavy a stavoveé diagramy

2) Funkce ve Stateflow
Klasické funkce: Graficka, Simulink, Matlab
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P> cuekrrorecHmicki UVOd do Statefl ow

Pro jaké aplikace je vhodny Stateflow?

* Implementace logickych a rozhodovacich funkci
* Implementace stavovych automatu

* Tvorba planu a postupu (sekvenci)

* Detekce chyb

* Implementace udalosti fizenych systému
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P> cuekrrorecHmicki UVOd do Statefl ow

Pro¢€ pouzivat Stateflow?

* Stateflow je samostatné grafické prostredi vytvorené pro modelovani
stavovych automatu a logickych rozhodovani

e Stateflow umoznuje pfirozenym zpusobem fidit pofadi provadénych
operaci (viz. globalni proménna prednaska ¢. 4) pomoci mikrokroku
(poradi operaci v ramci jednoho kroku solveru)

e Stateflow umozniuje jednoduchou integraci a spolupraci se zbytkem
modelu v Simulinku

e Stateflow zprehledriuje provadéni stavového diagramu pomoci animace a
dalSich integrovanych analyz

* Umoznuje praci s datovymi typy a generovani kodu

* Hlavni divody pro vyvojare: Pfehlednost, Testovatelnost, Efektivita
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g Uzivatelské prostredi

Uzivatelské prostredi Stateflow je samostatné grafické prostredi

tateflow (chart) 5| art1 * - Simulink classroom use -
Stateflow (chart) SF2slx/Chart1 * - Simulink cl [m] X
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X - Zakladni pojmy ve Stateflow

Zakladni pojmy ve Stateflow

e CHART/FLOWCHART (diagram, graf) = je graf obsahujici stavové bloky
(States) a Flow charts (jednoduché bloky podminek)

* LEVEL = viditelna uroven Stateflow grafu (Stateflow je hierarchicky a
umoznuje vytvaret ,subsystémy” subgrafy)

* STATES = stavy, zakladni blok ve Stateflow, tvar bubliny, stav muze
obsahovat podstavy

* TRANSITIONS = pfechodové Cary mezi stavy
* JUNCTIONS = uzly slouzi ke vétveni a sluCovani vétvi grafu

e STATEFLOW FUNCTIONS (funkce) = Stateflow umoznuje volat tfi
zakladni typy funkci Graphical (grafické vytvorené ve Stateflow), Simulink
(klasické Simulinkovské pomoci Simulink blok) a Matlab functions

* Umoznuje praci s datovymi typy a generovani kodu

* Hlavni cile: Prehlednost, Testovatelnost, Efektivita
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- Zakladni pojmy ve Stateflow

Zakladni bloky ve Stateflow

State Graphical Function 2
z function y = func(x)
Transition
= Embedded MATLAB™ Function eM
y = func(x)
History Junction @
Default Transition 5
o -

Connective Junction D

Truth Tabie Function fruthtable
y = func(})

- i
LVEOF I FOND RO REGIONALN ROTVO) OF Vyakum a vive]
INVESTICE DOVAS! BUDOUCNDSTE oo Inovace
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Stavy

STATES - STAVY jsou znazornéné bublinami a jsou hierarchicky €lenény

SIMULATION MODELING SIL/PIL
. Wy gspen - gs B ‘S::DTin:e |300 | 4 @ > - k&
Superstate Hlavni_stav = w 8%~ woy i o |(CTI R
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TRANSITIONS - prechodové €ary definuji za jakych podminek €i udalosti dochazi k
prechodu z jednoho stavu do druhého. Umoznuiji i prifazeni.

Definuje prvne

volany stav ~, ¢  Ydalost Podminka[] Vystup{}

Vypnutcna after(5,sec) [switch_on&&Temp<60] {output=1} _(Zapnuto

en: zarizeni=0; en: zarizeni=1;

[~switch _on||Temp>=60]

Temperature

Zanzeni

pro Inovace
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JUNCTION - Spojeni/uzel slouzi k vétveni €i slu€ovani prechodovych ¢€ar

(Transitions)

K vétveni dochazi podle nastavenych priorit. Pouziti predevsim jako: If Else,
Switch Case, For cyklus, While/Do While apod.

%

o For loop

?

% If else vetveni

{i=0}
[pmp=80] [i<10]

@f}*s =
2

{output=ouput+1:;}

O ®

{i=i+1;)

{output=0;} {output=1;}
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Stavy a provadeéni stavu
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Stavy — kéd je mozné psat primo do bloku stavu

Klicové prikazy pro definovani kodu stavi:

entry/en: Tato €ast kédu I
bude provedena pouze (Hlavni_stav2 N
> entry:
po okamziku vstupu do il
stavu during:

count=count+1;
on udalost:y=fce1(count);

during/du: Tato ¢ast kédu exit:
bude provadéna po S MATLAB Function
dobu platnosti stavu out=fce1(inp)

exit/ex: Tato ¢ast kodu
bude provadéna po
skongéeni platnosti
stavu (tj. pred - S
prechodem do jiného
stavu)
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Stavy a jejich provaden

Stav mize obsahovat podstav, kod, grafickou funkci, volani funkci apod.

I

entry:

count=0;
during:

count=count+1;

on udalost:y=fce1(count);
exit:

y=count;

/HIavni_stavZ )

MATLAB Function
out=fce1(inp)

/ForStaﬂ
en: count=0;

{output=count;}

T% For loop

{i=0;}

[i<10){count=count+1;i=i+1}

P
)

O

]

y

EVROPSRA UIE
LVEOF I FOND RO REGIONALN ROTVO)
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Jednoduchy flowchart (graf)

Priklad jednoduchého grafu se dvéma stavy, dvéma vstupy a jednim vystupem
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5 | n = = | S
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»
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Jednoduchy model stopky

{sekund=0;minut=0;}

Hodinky ON

[switch_on] Hodin;y OFF

@
!

[l

/ [~switch_on]

Matlab function
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Matlab + Simulink

Vliv poradi provadéni stavl a vétveni

Dulezité je spravné nastaveni operaci v pripadé grafickych rozhodovacich diagram
Priklad if(T>70) stav=0 else stav=1

Execution order

L
| :iu-;uh-;u Et.aﬁ-:'—a.-.--.:-: T J-‘ function stav=isCool(T)
[ i |
(Fee_zanzeni = T
. -
= ; [T 70 (ke 1)
--II— :"ﬁ'l'l"ll..'.: N IS D0l Fermip ) My
(Vypnita o Zapnuto
| T L ——— {sta
- b
[ -
A

Temperature Temperature

zarizeni zarizeni

Sample based T=10.000
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Provadeéni stavu

Provadeéni stavu

* Stavy jsou implicitné provadéné TOP to BOTTOM a zleva doprava (pokud neni
upraveno poradi bloki)

*  Mohou byt provadény exkluzivné tj. pouze jeden stav je aktivni (stavové bubliny
pInou ¢arou) nebo paralelné (stavové bubliny ¢arkované) a poté je nutné hlidat
poradi provadéni specialné pokud sdili proménné apod.
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o Funkce ve Stateflow

Ve Stateflow je mozné délat 3 druhy funkci

*  Grafické funkce — pomoci Stateflow bloku
*  Simulink funkce — pomoci zakladnich Simulinkovskych blok

* Matlab funkce — pomoci Matlab kédu

[~switch_on]
(Hodinky_ON ™
function sekund=Inkrement2(sekund) en:sekund1=0; sekund2=0; sekund3=0;
du:minut=0; b
o 2o Hodinky_OFF
[sekund=59]{sekund=0} : Hodinky1 ‘:
2 1 1 sekund1=Inkrement1(sekund1
)
{sekund=sekufd+1:} X -
{Hodinky2 )
1 sekund2=In krememz(sakund‘?)i
1 i
| j

sek_out = Inkrement1(sek)

~

‘Hodinky3
i sekund3=Inkrement3(sekund3
]

Simulink Function \

?‘\

i
i
A

MATLAB Function
sek=Inkrement3(sekin)

Stavy probihaji paralelné

LS~

VRGPS FOND FRO REGIONALN RODVE) OF Vyakum a vive]
INVESTICE DOVAS! BUDOUCNDSTE e
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Graficka funkce

Funkce ve Stateflow

pomoci se pomoci Stateflow blokl nejéastéji s pouzitim junctions a transitions

Funkce muze volat funkce

function sekund=Inkrement2(sekund

)
é [sekund>59]{sekund=0}
1
2

{sekund=sekund+1;}

{sekund

function sekund=Inkrement2(sekund)

[sekund>59]{sekund=0}
é 1
\ ;

FInkrement1(sekund);}

LVEOF I FOND RO REGIONALN ROTVO)

i'\/f?[ —

INVESTICE DOVAS! BUDOUCNDSTE
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Simulink funkce

*  Vhodna pro vyuziti silnych stranek Simulinku tj. napf. pro dynamické systémy

f()

[ Simulink Function | o

<60

sek_out = Inkrement1(sek)

(1 ) > u+l

sek

,-

sek_out

EVROPSRA UIE
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Funkce ve Stateflow

Matlab funkce

*  Moznost volani funkci Matlabu napr. FFT apod.

,/ Stateflow (MATLAB Function) SFdslx/Chart2.Inkrement3 = O X
@H  Lreeb0e
T ™~ H [ Find Files o= Insert =1, fx lv[j] IEJ
MATLAEB Function New Open Save - Compare ™ B GoTow | Comment % %8 %3 | proainoints | RUN  SMULING
ot =~ > = Pint v \{ Find = Indent I._l wE | o
] v w
— FILE MNAVIGATE EDIT BREAKPOINTS
SEK inkrementS(SEkln) 1 function sek=Inkrement3 (sekin) D,
2
3= if (sekin>59)
4= sek=0;
5 else
6 — sek=sekintl;
7 end
8
sekund1
Ln 1 Col 1

OF Vyskum a vive]
pet Inovaa
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Pravdivostni tabulka

oE
5]

&

Stateflow

Pravdivostni tabulka (Truth table)

Muze byt soucasti Stateflow diagramu i samostatné v Simulinku

Er—] R R

SIMULATION
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FILE
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5]
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| LIBRARY
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|
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Ports & Subsystems
Signal Attributes
Signal Routing
Sinks
Sources
String Yo [ vp
User-Defined Functions
> Additional Math & Discrete
> Quick Insert

Chart

@

untitled

@ untitied W

Model Browser |

® |4
BEHeH+¢E~~FO0La00 B

Model Browser ‘

1 [ O v i

wmnadenT dmdn

annn

State Transition Table

Truth Table

DSP System Toolbox

DSP System Teolbox HDL Support

Embedded Coder

Embedded Coder Support Package for Texas Instrumen

PLECS
PLECS Extras

Simulink Coder
Simulink Extras
Stateflow
Recenth | lead

‘ @ Automatic arrangement succeeded. Click "View diagnostics” link in the status bar for more details

(Stav1
loga

~

truthtable loga

X
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Pravdivostni tabulka

Pravdivostni tabulka

* Jednotlivé dil€i podminky jsou slouéeny v logické AND formé
* Napf. vyraz (slozena podminka) D1=(u(1)>=0)&&(u(1)*2<=0)&&(u(2)>1)

podminky

FILE

LIBRARY

PREPARE

Model Browser

f'.'\ Truth Table

5 g

@ untitled b @ Truth Table

ot || ® 8

Condition Table
DESCRIPTION

CONDITION

Example condition 1

2 Exampie COn(‘j‘IEOD é

u(1)>=0

\f

@ Podminka 3

u(2)>1

J

| Vyraz pomoci

nastaveni stavu dil¢ich

_/ podminek (T, F, -) a
selekce pozadované

vystupni funkce

ACTIONS: SPECIFY ARO 2
FROM THE ACTION TABL
g
DESCRIPTION ACTION ‘\
1 Exampleaction 1called  y=u '
from D1 & D2 column in
condition table
2 | Example action 2 called my =1Juy;
from D3 column in condition
table
-;/‘

Vystupni funkce
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Efektivita modelovani ve
Stateflow
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P cemorecumons Efektivita modelovani ve Stateflow

JE— IBRARY PREPARE
§ <« 4 T Tave
£ | © |Balunited » Pe] Truth Table
H
3 Condition Table
H 1 = DESCRITION conomon o1 |02 03
ravaivosini tabuika B om0
TOF
&
B | 2 Example conditon 2 uh)r2=1
T F -
3 Podminka 3 u2pt
TF

Umoznuje praci s datovymi typy a generovani kédu do C a Matlabu

FROM THE ACTION TABLE

Action Table
DESCRIPTION ACTION
1 Example action 1called  y=u;

from D1 & D2 column in
condiion table

Example action 2 called  y=1/u;
from D3 column in condition
table.

[ Block: untitled/Truth Table s ] X

o

3 wvoid Truth_step(void)

Contents 34 { EDITOR
35 boolean_T avarTruthTableCondition_1; K{IIJ e | [ Find Files Insert = fx [al v
Summary 36  boolean_T avarTruthTableCondition_2; > - MsoTo~| . |
37 New Open Save SUlER 9 ARG Breakpoints  Run  Stop Build Model = SIMULINK
Subsystem Report . a2 Print Find Indent Model  Model
38 /* Truth Table: '<Root>/Truth Table' incorporates: h M > B~ A Hagon =0 v B e v -
a: " s FILE NAVIGATE EDIT BREAKPOINTS RUN
Code Interface Report 39 * Inport: '<Root>/u - ; ]
40 */ 1 [l function y = fen(u) m
o 3
Traceability Report 41 /* Example condition 1 */ i AVATTEUthTAblecondition, L= EalEe;
Static Code Metrics Report 42 aVarTruthTableCondition_1 = (Truth_U.u[e] >= ©.8); A ;\};;f;ERTabIé‘Cg)«naitio;*z = Earses
i 55 false;
Code Replacements Report 4 /* Example condition 2 */ i
Coder Assumptions 45 aVarTruthTableCondition_2 = (Truth_U.u[@] * Truth_U.u[@] <= 1.8); 7
Loder Assumptions 2
46 8 % Example condition 1
47 /* Podminka 3 */ i
Generated Code 48 if (avarTruthTableCondition_1 && aVarTruthTableCondition_2) { 10— avarTruthTableCondition 1 = logical(u(l) >= 0);
-1 Main file 49 /* Outport: '<Roat>/y' */ Al
= 58 /* Example action 1 called from D1 & D2 column in condition table */ 1z % Example condition 2
ert_main.c 51 Truth_y.y[@] = Truth_U.u[e]; 13
1-1 Model files 52 Truth_Y.y[1] = Truth_U.u[1]; 14 — avarTruthTablecCondition 2 = logical(u(l) ~ 2 <= 1);
: 53 } else if ((lavarTruthTableCondition_1) && (!avarTruthTableCondition_2)) { is
Truth.c 54 if (I(Truth_U.u[1] > 1.8)) { 16 % Podminka 3
Truth.h 55 /% Outport: '<Root>/y’ */ 2
56 /% Example action 1 called from D1 & D2 column in condition table */ HE= avarfruthTableCondition 3= logical (u(2)>1);
Truth_private.h 57 Truth_Y.y[e] = Truth_U.u[e@]; e
P . 20 if (aVarTruthTableCondition 1 && aVarTruthTableCondition 2)
S % } :;:‘:h(\‘.y[l] =AU 21 - aFchruthTableActionil()7; N
141 Utillty files (1 ;9 S Bk RSB B 2ai= elseif (~aVarTruthTableCondition 1 && ~aVarTruthTableCondition 2 && ~aVarTruthTableCondition 3)
B ility files (1) = EOERr ol Ao 235 aFcnTruthTableAction_1();
61 /* Default */ 24 else % Default
62 /* Example action 2 called from D3 column in condition table */ b aFenTruthTableAction 2();
63 Truth_Y.y[@] = 1.8 / Truth_U.u[e]; 26 B -
&4 Truth_Y.y[1] = 1.0 / Truth_U.u[1]; 27
£ } 28 [lfunction aFcnTruthTableaction 1()
66 } else { 29
67 /% outport: '<Rootz/y' */ 30 % Example action 1 called from D1 & D2 column in condition table
68 /% Default */ aal
&9 /* Example action 2 called from D3 column in condition table */ B2m ~y = u;
76 Truth_Y.y[@] = 1.8 / Truth_U.ufe]; a2
71 Truth_Y.y[1] = 1.@ / Truth_U.u[1]; 34 [l function aFcnTruthTableAction 2() v
72 Ay SN [ [
-
"o - N
R Y LVRGPSRT FOND FRO REGIOHAL ROV OF Vyzkum 8 vive)
] INVISTICE DO VAS! BUDDUCNOSTE proinovace
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Efektivita modelovani ve Stateflow

4\ MathWorks

MATLAB code expands, while Stateflow chart remains compact

simple logic

for i = 1:length(inData)
if(inData(i) »>= t)
outData(i) = inData(i);
else
outData(i)
end

n

e;

end

+ hysteresis

[ust1]

[u>=t2]

inNormalRegion = true;
for i = 1:length(inData)

end

if(inNormalRegion && (inData(i)<tl))
inNormalRegion = false;

elseif(~inNormalRegion && (inData(i)»=t2})
inNormalRegion = true;

end
if(inNormalRegion)
outData(i) = inData(i);
else
outData(i) = @;
end

+ hysteresis + debouncing

[ocunt{ucl‘i)b:m]l_\ BnarTal
y=0;
[count(u==t2)>=N2]

inNermzlRegion = true;
counter = 8;
for i=1l:length({inData)
if(inWormalRegion)
if(inData(i)<tl)
counter = counter+l;
if(counter>=h1)
inNormalRegion = false;
=nd
else
counter = @;
and
else
if(inData(i)»>=t2)
counter = counter+l;
if(counters=Hz)
inNormalRegion = trus;
end
alzs
counter = @;
and
end
if{inNormalRegion)
outData(i) = inData(i);
alse
outData(i) = @;
end

end 15
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