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£ HUMUSOFT

Co je stavovy automat

* Modelovanie réznych stavov, v ktorych sa mbze systém nachadzat a ako sa
prechadza medzi tymito stavmi na zaklade vstupov alebo udalosti
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Stavove automaty su vsade
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Ukazka: Model vyrobnej linky

Jednoduchy vyrobny proces
— posuvanie vyrobku po dopravniku

— opracovanie vyrobku portalom

Motory
— pohyb dopravnika
— pohyb portalu

Snimace
— kraje dopravnika
— kraje portalu
Ciel

— tvorba riadenia — stavovy automat
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Stateflow je prostredie pre navrh stavovych automatov

[IN == 0] | Failsafe [N >= 5]
e entry: OUT =0; |, 1 )= )
- o i .4
3 i
% User 0
% Not enough
0 % Too hot (N =N }
% Turned off 5 % failures =N
v ') [IH == 1] _FT/_ [—r ; 18 O] v
Off = Jt——={On > 160
entry: OUT =0; entry: OQUT =1; 2[T .L_"“)
N=0; 3 1 -
[IN =0]
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Preco tvorit stavové automaty
v prostredi Stateflow?
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Integracia so Simulinkom

Modeling an Automatic Transmission Controller
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’;;hctiﬂl‘l_sbﬂ[ﬂ N
during:
[down_th, up_th] = ComputeThreshald|{Gear, Throttle); ?
[VehicleSpeed < down_th] steady_state [VehicleSpesd = up_th]
e '2 N ______‘_"
[N
[WehicleSpeed < up_th]
[vehicleSpeed = down_th]
— e— 3
e Te——
after{ TWAIT tick) after(TWAIT tick)
[VehicleSpeed == down_th] [VehicleSpeed == up_th]
{gear_stats. DOWN} {gear_state.UP) .

Simulink Function

[down_th.up_th] = ComputeThreshold{Gear, Throttle)




7
. P

£ HUMUSOFT

Vizualne modelovanie v intuitivnom prostredi

'bi Stateflow (chart) sldemo_autotrans/ShiftLegic - Simulink — x

SIMULATION MODELING FORMAT

Q, Find ~ 1 — ] = 4 Stop Time | 30 P
= & @) O @® & @ eaten- & [weime [0 | g
Model L= Compare To Symbols Property Maodel M Chart Insert Insert Atomic Insert Insert Insert T o Decomposition =f| Update |\Norma| M | Run
Advisor = 111 Environment « Pane | Inspector | Explorer Properties ~ State Subchart Subchart Junction Entry Port Exit Port st Model ~ | 5@ Fast Restart -
EVALUATE & MANAGE DESIGN DATA SETUP COMPONENT EDIT COMPILE SIMULATE ry
@ swec Panal ndctroiov e | Poperty Bspectr o
® sldemo_autotrans b gé ShiftLogic b I dliivl 11idoll UJ UV - VehicleSpeed
e e e m e m——————————— - - Properties | Info
@ /gear_state by
! gear_ E Scope Tnput ~
1
- i ' Port 2 >
1 1
()] ! entry: : Size | Scalar |
1 1
o i Gear = 1; DOW i Tipe [ double v]
N N - _— _— —_— —— First index |:’~:3I3|‘ |
O :’selection_stale Y » Advanced
! during: i
E [down_th, up_th] = ComputeThreshold(Gear, Throttle); i Vl astn O Stl
i ! N N i
1
1
= | .
i [VehicleSpeed < down_th] . [VehicleSpeed > up_th] Symbols ® x
! o0 = don S —— —r— =
M | ; PR
i ! TYPE NAME VALUE  PORT
® i *u  ComputeThresheld
)
1
© 1 : Throttle 1
@® i ! VehicleSpeed 2
1
H Gear 1
! -
P al eta i after(TWAIT tick) after(TWAIT tick) G | TwAT
| [VehicleSpeed <= down_th] [VehicleSpeed >= up_th] !
O b - e ktOV i {gear_state DOWN} {gear_state.UP} J down_th
N — -t
J R — — — — —— - — — up_th
Simulink Function 4  gear_state
[down_th,up_th] = ComputeThreshold(Gear,Throttle) £ DOWN

Pracovna s op
plocha Symboly

9 Ready 148% ode3
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Prehladné modelovanie stavoveho automatu

Akcie

Failsafe

[IN == 0] \ >
= entry: OUT =0; L

'd —“._
| =

% User

0,
% Turned off % Too hot | . Notenough

N =M 1
0% failiges (N=N+1]

[IN == 1] —{ [T < 160]

ntry: OUT = 0;

C— }— O+—on 15
[e %ntry: OUT = 1}; ' JOL ,1
/ N=0; =3 1 e
Stavy i \
Prechody

(udalosti, podmienky)

10
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Stateflow zostava kompaktny

jednoducha logika + hysteréza

[u<t] [u<t1]

Abnormal
y=0;

Abnormal
y=0;

[u>=t] [u>=t2]

inNormalRegion = true;
for i = 1:1length(inData)
if(inNormalRegion && (inData(i)<tl))
inNormalRegion = false;

for 1 = 1:length(inData)
if(inData(i) »>= t)

OUtData(l) = lnData(1)3 inNormalRegion = true;
else end
. _ : if(inNormalRegion)
OUtData(l) = 0; outData(i) = inData(i);
end else
outData(i) = ©;
end s

end

elseif(~inNormalRegion && (inData(i)>=t2))

A

£ HUMUSOFT®

+ hysteréza + oSetrenie zakmitov

[count(u<t1)>=N1]

Abnormal
y=0;

[count(u>=t2)>=N2]

inNormalRegion = true;
counter = 0;
for i=1:length(inData)
if(inNormalRegion)
if(inData(i)<t1)
counter = counter+l;
if(counter>=N1)
inNormalRegion = false;
end
else
counter = 9;
end
else
if(inData(i)>=t2)
counter = counter+l;
if(counter>=N2)
inNormalRegion = true;
end
else
counter = 9;
end
end
if(inNormalRegion)
outData(i) = inData(i);
else
outData(i) = 0;
end
end
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Flexibilna praca s udalostami a Casom

« QOperatory — after, at, before, every, count, temporalCount, duration, elapsed
— explicitné a implicitné udalosti — after(n,E), before(n,tick)

— absolutny Cas (sec, msec, usec) — after(n,sec)

® . before(2,sec) |Fast

| f {=
(B] x.'l.".-lﬁ.- . r, I

Start [u == 1] (Medium | A | B
{3 = at({7 tick)[temp = 98.5]
T m

'y after(5,sec) [ Slow
[ 1=

'l-\._,.-"

12
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Ukazka: Zakladny pohyb dopravnika

* Pohyb vyrobku zo strany na stranu

I {belt_backward=1;belt_forward=0;puncher_up=0;puncher_down=0;}

Maove_right Moving ] Move Left

entry: _ [sens_end==0] 4| entry: ) after(1,8ec) ﬂanlry:

belt backward=0; steps=0; belt forward=0;

exit: during: exit:

belt forward=1; = steps=steps+1; 2 = belt_backward=1;
J after(1,sec) [sens_under==0]

13
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Tvorba komplexnych stavovych systemov

Paralené

Podstavy

DO

-
" salection_state

during:

[down_th, up_th] = ComputeThreshold|Gear, Throttle); ?

e —

[".-"E hiElE"SFE‘Ed = dﬂ'—'i'l'l_'|h] E[EIE\HE"F_EIH"B }1_['.'|-'E'hi{-|E5FE'E-:| = IJF-_'.l"]

a

[WehicleSpeed = up_th]

[vehicleSpeed = down_th]

aftar[TWAIT, tick)
[VehicleSpeed == up_th]

after] TWAIT, tick)
[WehicleSpeed == down_th)

{gear_state LIF}

Exkluzivne

e

£ THUMUSOFT

Nadriadené
stavy



Ukazka: Komplexny pohyb dopravnika

* Presun do pociatocnych pol6h a vyrobny proces

_________________________________

-

/Homing

puncher_up=1;
puncher_down=0;
punch_home=0;

o [sens_top]
P_H_Stop
en:
puncher_up=0;
punch_home=1;

’

1
/Conveyor_home N
! [
E Move_backward_H i
! |en: i
| | belt_backward=1; !
| | belt_forward=0; 5
! | conv_home=0; !
PNy H
| i
i ® [~sens_end] i i
i y i
| (C_H_Stop b
! len: i
! | belt_backward=0; i
i {conv_home=1; i
N e . ey

15

Move_backward
en:

belt_backward=1;
belt_forward=0;
exit:conv_home=1;

after(2,sec)[punch_home && conv_home] | belt_backward=0;

=

M c;ve_foma rd Stop_up

en:belt_forward=1; en:
conv_home=0; puncher_up=0;

punch_home=1;

J [~sens_under]

[sens_top]
'l
Stop_forward Puncher_up
en:belt_forward=0; en:puncher_up=1;
J after(1.sec)
Puncher_down Stop_down
en:puncher_down=1; -l enzpuncher_down=0;

punch_home=0;

[sens_bottom]

_____________________________________________________________

A

£ THUMUSOFT
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Stavy pomocou blokov a kod prostredia MATLAB

Sledovanie_ciary MATLAB Function
stdevout = stdevstats(vals)

function stdevout = stdevstats(vals)
*#codegen
300 >+
m— Subtract] % Calculates the standard deviation for wals
Bi
(D)
+ H1 — ]
= ’ » P i)t len = length(vals);
. rychlost stdevout = sqrt{sum((({vals-avg(vals,len)).”2))/len);
pramsr Subtract PID Controller
pls M function mean = avg(array,size)
gl mean = sum(array)/size;

Add

6 Simulink State MATLAB function
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A HUMUSOFT
Riadenie subsystémov

Function call

Edge to v
Function I call])
T Oy
oz (:]
L%
Ladder Logic
Scheduler

L]

Ladder Logic Scope

y¥YyYyvwy

17
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Ladenie logickych chyb a nekonzistencii
4/ Krokovanie X

9} Stateflow (chart) sldemo_autotrans/ShiftLogic - Simulink -

SIMULATION MODELING

Ell:’l:, 0 Open ~ gg Stop Time (]g Q_y w»r @ D IE

Mew Library Step  Continue Step Stop Data Sequence Logic Bird's-Eye Simulation

v & Print ~ Browser Back « - Forward Inspector Viewer Analyzer Scope Manager
FILE LIERARY PREPARE SIMULATE REVIEW RESULTS
L= 4 shiftlogic i
& sldemo_autotrans 3 %Shh‘tLogic » -

g . S S D EED EED EED EEE EEE EED SN BN N S SN BEm EEN EEm EEm M EEm R S Em

lgear state I

|

Upr upP
| = uP |
| entry: |
Gear= ) pown ~<) pow = DOW I

N

U I I R —.

Aktivhe
stavy

e

—
selection_state

I during:
[down_th, up_th] = ComputeThreshold(Gear, Throttle);

steady_state [VehicleSpeed > up_th]

[VehicleSpeed < down_th]
T T

—

Breakpoint

[VehicleSpeed < up_th]
[VehicleSpeed > down_th]

downshifting
after( TWAIT,tick) after(TWAIT,tick)

[VehicleSpeed <= down_th] [VehicleSpeed >= up_th]
{gear_state. DOWN} {gear_state.UP}

—— o e e e e e e e e e e e e e

PEeeESE PO,y 0 BB

O T o — e — —
— e = —

Simulink Function
[down_th,up_th] = ComputeThreshold(Gear,Throttle)

-5
»

1 8 During: State steady_state View diagnostics 148% T=0.200 0% ode5
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Ukazka: Reakcia na poruchu

« Chybajuci alebo zaseknuty vyrobok

(Safe_mode 2\
! i:l-a;r;x;;g --------------------------- .”F;un_detectio;\ -------------------------------------- N
' H

;‘f’uncher_home 7y : /
' H
(Move_up_H \ (Move_backward \ i :
en: en: _ \
puncher_up=1; belt_backward=1; H ]
; puncher_dow! belt_forward=0 R /
punch_home=0; J exit:conv_home=1; | [belt_foryard==0]
after(2 sec)[punch_home && conv_home]| belt_backward=0; : o 4‘/
! i i .
=i 1 4 sec) H | after(4 sec)
Move_forward Stop_up aitor(dseo i g
P_H_Stop en:belt_forward=1; en: Failure 1 |Failure
en: conv_home=0; puncher_up=0; en:send(fail_signal,Safe_mode), i |en:send(fail_signal Safe_mode)
puncher_up=0; punch_home=1; :‘
punch_home=1; _l—‘, \. = R /
o [~sens_under] [sens_top) /Puncher_up ™\ /Puncher_down Py
/Conveyor_home ) e P v ——— H
o Stop_forward Puncher_up >
Move_backward_H en:belt_forward=0; en:puncher_up=1; A N 3
en: \ R o \
belt_backward=1; | [pfhu er down==1] |
belt_forward: [puncher/up==0] | [puncher (}q‘wn-:—m
conv_home> after(1,sec) \ / \ /“‘
¥ = 57 ~* Moving >
T — e —
[ Puncher_down Stop_down S e
e i en:puncher_down=1; ~| en:puncher_down=0; J’ after(3.sec) l after(3,sec)
C_H_Stop punch_home=0; (sens_bottom) Falure Falre .
en:
belt_backward=0; R — —_— [en:send(t: ann:f,Safe_mode)] [en:send(':: | al Safe_made)]
. conv_home=1; y \ o RN v
\ S A
o s
[ [
® fail_signal
o

(Fail_mode D

en:belt_backward=0; belt_forward=0; puncher_up=0; puncher_down=0;

/

19



Viacere pristupy modelovania

!

Charge

entry:
sentPower=0;
during:
charge=charge+4,;

[~isCharging] ischarge

™ entry:

sentPower=3.5;

during:

charge=charge-2;

[i=Charging]

Chart

e'x_ﬁrst_num_tahle » TR cnart » ttable

Condition Table
DESCRIPTICN

1 xis equal to 1

2 yis equal to 1

3 zis equal to 1

CONDITION D1 D2 D3 D4
XEQ1:

®==1 T F F

YEQI:

y==1 F T F

ZEQ1:

z==1 F F T

ACTIONS: SPECIFY A ROW

FROM THE ACTION TABLE Al 1 a2 z

Action Table
DESCRIPTION

1 setrto1

2 setrtoz

ACTION

Al
=1;

A2:
r=2;

20

Truth Table
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£ THUMUSOFT

[u=0]

O-

=0

fy=1}

= L]
LE‘
Il
(=]
La

I,-ﬂ—x
M

Flow chart

|sf_debouncer_S1T » P2l Debouncer Logic Table -
TRANSITIONS
STATES
IF ELSE-IF(2)
— N
on [u == 8]
t‘en: y=1;
ON_TO_OFF - -
ON_TO_OFF after(@.1,sec) [u==1]
OFF v oN -
-—
OFF_TO_ON after(9.1,sec) [u=8]
ON T OFF ¢
—
OFF [u == 1]
en: y = @;
OFF_TO_ON v -

State Transition Table
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Rychly prechod od navrhu k nasadeniu

/* Model step function */
void Chart_step(void)
{
/* Chart: '<Root>/Chart' incorporates:
* Inport: '<Root>/IN’'
* TInport: '<Root>/T'
*f

- {:) /* Gateway: Chart */
/* During: Chart */

2 2 if (Chart DWork.is active_c3_Chart == 0U) {
/* Entry: Chart */
Chart DWork.is active_c3_Chart = 1U;
% U ERAE piEE A %
o User o /* Entry Internal: Chart */
o Not enough e N
% Turned off % Too hot S 9 {N =N+1} /* Transition: '<S1>:137' */
% failures 2 Chart_DWork.is c3_Chart = Chart_IN_Off;
/* Outport: '<Root>/OUT' */
B /* Entry 'Off": '<S1>:125' */
| Chart _Y.OUT = 0.0;
e 2 <160 Chart DWork.N = 0.0;
[N == 1] i j 3es. |
Off 1 switch (Chart DWork.is_c3_Chart) {
? = case Chart_IN Failsafe:
entry' OouT= 0’ /* During 'Failsafe': '<S1>:138' #*/
N=0; if (Charc U.switch on == 0.0) {

/* Transition: '<. 129 ‘=7
/* Transition: '<S1>:123' */
/* User */

/* Turned off */

Chart DWork.is_c3_Chart = Chart_IN Off;

[IN =0]

21



Rychly prechod od navrhu k nasadeniu

T — ANSI
=8 a8 -]
fJC QEE_‘ C-Code m;—:—
- - 1 o (B
I3 Apg > , 1R
' - — Hardware-
Model - =i Real-Time in-the-Loop
systému Simulink Coder Systém
'-:.?o-"' S e ....—|
ol | [E x
Simulink & = = '
Stateflow o Kod
Riadiaci kompilovany
algoritmus pre PLC
i e
@ = |
— T —————- | 8 ;
"1z | Struktarovany |i, BLESEET u :
—_— text _..‘ ' : | wlF

Simulink PLC Coder

22

IDE prostredie

P
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Simulink PLC Coder

« |[EC 61131-3 strukturovany text
— MATLAB

— Simulink

— Stateflow

« Podpora réznych vyrobcov
— Rockwell Automation Studio 5000
— Siemens STEP 7/TIA Portal
— B&R Automation Studio
— Beckhoff TWInCAT
— PLCopen XML, Generic File Format
— a dalsie IDE a PLC

23
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£ HUMUSOFT

Preco tvorit stavove automaty v prostredi Stateflow?

v Integracia so Simulinkom

v"Vizualne modelovanie v intuitivnom prostredi
v Prehladné modelovanie stavového automatu
v Kompaktnost modelu

v Flexibilna praca s udalostami a asom

v Tvorba komplexnych stavovych systémov
v"Nadradena logika — riadenie subsystémov

v Ladenie logickych chyb a nekonzistencii

v"Rychly prechod od navrhu k nasadeniu

24



P
B 7

£ HUMUSOFT

Stateflow Onramp

» Bezplatny, kratky kurz zakladov

Kratke videa a praktické cviCenia

Automatizované hodnotenia a okamzita
spatna vazba

Obsahuje temy:

— Stavoveé automaty a ich tvorba

— Akcie a ich vykonavanie

— Flow charts

— Funkcie v Stateflow ~ N

— Hierarchia stavov

~
AL
"O;;?
\

25
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Verejné skolenia

naucte sa ovladat prostredie Stateflow pod vedenim nasSich lektorov

Organizuje Humusoft

Prezencnou aj online formou

V cCestine, slovencine, anglictine

. e . y : |
Ponukame tiez privatne skolenia ..-,r.
na Vami vybrane temy

Viacej informacii na webe:

https://www.humusoft.cz/training/

26
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Dakujem za pozornost.

Otazky?



