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Zakladni prabéh simulace

L

Advance Simulation Time and
Update Continuous States

.

Com pute Tre1

Major Outputs
Detect Events > Reset States = Compute
Mades = Compute Outputs

-

‘ Log Signals and States ‘

!

‘ Update Discrete States

’

Termination

G

Prubéeh simulace v Simulinku

Spusténi simulace:

Provede se:

1) vypocet vyrazl k ur€eni hodnoty parametru, uréeni

datovych typu signall a jejich dimenze, propagace

sample times, optimalizace (redukce bloku), uréeni

poradi provadéni blok
2) Kompilace modelu do spustitelné formy

Iteracni smycka:
celkovém Case simulace (pfipadné zero-crossing)

Inicializace

Na startu dojde k inicializaci po¢atecnich stavu a vystup

systéemu

IteraCni smycCka

1) Vypocet vystupu modelu
) Vypocet (aktualizace) stavu

3) Kontrola zero-crossing (nespojitosti)
) Vypocet Casu dalSiho kroku ODE

VISTICE DO VAS BUDOUCNCSTE

OF Vyzkum a vive]
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Bloky v Simulinku

Klasické bloky

b

2—1

p

T

Yy

Diskrétni

Virtualni bloky (napf. subsystém) (pouze
pro prehlednost, nebo masku). Nema vliv na

b o

B
I?egrator Gain

Spojité (vyzaduji solver dif. rov)

simulaci ani generovani

Outl

e
Subsystem

>
n%n

5

Constant

Bloky v Simulinku

Nevirtualni bloky (nonvirtual blocks)
ovliviiuji provadéni simulace napr. poradi
instrukci i generovany kod

Atomic subsystem

setpoint
control_model o1 L > inz

step resp »]velocity

Out2

cruise control model

vehicle model

=

Enabled/trigger subsystem

enable signal trigger signal
1 E;
Int Outt o in out f—(1 )
Enabled Triggered
Subsystem Subsystem

Function call subsystem

!

i
j: function-call event

Function-Call i function-call event
Generator ; &
‘function() /’ vehicle_model() N
( y—»|n1 Out1 In1 Out1 —( : )
| A
Function-Call Function-Call
Subsystem Model

Action subsystem (If, Switch,....)

171 2.0) Prcmmsmpsimpem st i
( : F—»ul i action signal
else |- v
It ! iffu1 > 0)
i @ﬂ In1 out >
action signal | If Action (1)
else {}
mo o >
If Action
Subsystem 2 Merge
%[ ——
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Cary (spoje) v Simulinku

Cary spojuji bloky (uréuji datovy pfenos v modelu) a ovliviiuji pofadi provadéni instrukci.

Signalni ¢ary (spojité)— urCuji pfenos dat z bloku do bloku mohou mit datové typy i nazvy
(které se mohou promitnout do nazvu proménnych ve vygenerovaném kodu)

Udalostni ¢ary (Cerchované) — Slouzi k pfenosu udalosti napf. volani funkce, splnéni
podminky apod.

VRGPS FOND FRO REGIONALN RODVE)
INVESTICE DOVAS BUDOUCNOSTE

- V4 L4
Signal Udalost .
Udalost
input error control output (2 P function-call .
signal signal signal signal e I | event line action
i.' .—9.2 ut it(u1 > 0) ey event line
- ) int Outt i in2 outz :{ O | function() " m.n! 0]
, : —»in1 Outt — )
( : }—»1in1 Outt —)..1
step response cruse control algorithm vehicle model i
Function-Call If Action
oo Subsystem Subsystem 1
acl
signal

0F Vyakum a vive|
proknovace
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Variable step vs discrete step solver

Proménny vs. pevny krok feseni dif. rovnic

z4+0.1
z=02

DTF1

velikosti kroku feSeni dif. rovnice AT (sample time) v
nastavenych mezich

out1

U proménného kroku dochazi k optimalizaci |

+ LepsSi optimalizace vypoctu =02 P>

DTF2
+ Pfesné&jSi zachyceni Zero-crossing
- Nutné opatrné nastaveni maximalniho kroku, muze

divergovat " T : —
Pevny . '
12} y
@ Configuration Parameters: TACR_Complete/Configuration (Active) - o X - -
——— 1 Proménny
o
Simulation time g'
Start time: 0.0 Stop time: |1 = 08
5
I:r Solver selection \O, ———
o Type: [Fixed-step [=] Soiver: [odef (Euier) £ 06 ——1t =101 |
i Variable-step o —%—t_ =07
5 ¥ Solve P L — s |
Simscape O
» Simscape Multibody Fixed-step size (fundamental sample time) te7 04l
Tasking and sample time options
02
S ST S SR S S { = ’ . ' = :
P evn y 0 0.5 1 1.5 2 25 3
0.00 0.25 0.50 0.75 1.00 1.2 1.50 Time (t)
Fixed-Step Solver
v -
0.00 0.25 0.50 0.75 1.00 1.25 1.50 Promenny
Variable-Step Solver

- s
VRGPS FOND FRO REGIONALN RODVE) 0P Vyrkum a vive]
INVESTICE DOVAS! BUDOUCNDSTE pro inovace
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Sample time — vzorkovaci ¢as

Vzorkovaci €as (sample time) definuje s jakou periodicitou je dany blok pocitan (ij.
krok diferencialni rovnice)

Pro discrete step solver ma kazdy blok pfesné danou periodicitu spousténi (kromé
udalosti asynchronnich napf. triggerovany subsystém)

Pro variable step solver muze byt periodicita spousténi dana metodou feSeni
diferencialnich rovnic (krok dif. rovnice je obecné proménny, pokud bloku neni
konstantni vzorkovaci ¢as vnucen)

V pfipadé, Ze model obsahuje spojity i diskrétni (konstantni sample time) systémy jsou
Casy variable step solveru voleny vzdy tak, aby obsahovali diskrétni krok. Tj. sample
time je variable step solverem volen i s ohledem na zvolené konstantni sample-times
modelu

U bloku u kterych neni definovany sample-time se sample-time pfebira od 1)
vstupniho bloku, 2) vystupniho bloku, 3) nejmensiho sample-time v modelu

Sample Time 0.1 Sample Time 0.2
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Zero-crossing detection

Variable step solver dynamicky méni velikost kroku diferencialni rovnice (sample
time). Zjednodusené feceno podle rychlosti zmény signalu (derivace) dochazi k
narustu nebo poklesu sample time (v realu je to slozitéjsi).

Zero-crossing detection slouzi k automatické zméné (redukci) sample time pro co
nejpresnéjsi odhad kdy dana proménna napf. méni néjakou podminku. Simulink
zZjisti, ze se zménil stav podminky a vrati se v Case co nejpfesnéji do okamziku ve
kterém dosSlo ke zméné podminky. To vede samoziejmé na narust vypocetni
narocnosti. Pro nas nutnost pfi simulaci PWM - koincidence pily s komparacnim
signalem.

Stale je nutné rozumné nastavit maximalni velikost sample time, ani zero-crossing
detection nemusi vyhodnotit spravné pokud nezaznamena zménu podminky.

L . . @ Block Parameters: Relational Operator X
Oba body kladné Zmeéna polarity eisiional Berminr %
ZC nedetekovan ZC detekovan Applies the selected relational operator to the inputs ar
input corresponds to the first operand.
> Main  Data Type
> S > Relational operator: |<=
3 Enable zero-crossing detection
Relational .
V V Operator < >
not detected 9 Cancel Help Apply
detected

0P Vyskum a vive)
proinovace
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Algebraic loops (algebraické smycky)

Algebraic loops

Algebraické smyc¢ky vznikaji zapojenim zpétnovazebné struktury bloku s pfimym

prustupem signalu (bez integrace, bez zpozdéni).

Mohou vyrazné zpomalovat simulace, pro kazdy krok je nutné vyresit algebraickou

smycCku (a to jesté vétSinou iterativnim zplusobem)

Casto vedou na tzv. problém feseni soustavy algebro-diferencialnich rovnic, ktera je
obecné slozité fesitelna.

Generovany kod nesmi obsahovat algebraické smycky

1

Constant

Algebraicka smycka

>

Gain

<]

Gain1

Sum

Kombinace ODE a algebraické smycky

>

1 O—1

x| o=

Step | | I——

x,(t) = u(t) / 2.

Jn
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Poradi provadéni bloku

Poradi provadéni bloku

Cary spojujici bloky ovliviiuji pofadi provadéni instrukci, ale skuteéné pofadi zavisi na
determinismu operaci. Napf. pro spocteni vysledku rozdilu 6. bloku je nutné znat vystup

bloku 1. Podobné ve spojitém pfipadé bloku 7 a 3.

v Continuous

B e
- Fixed in Minor Step

v Discrete Period
- -
v Other

- Constant
C] Multirate

@ x

Click on task to view fts execution |
order.

Execution Order

System Index: 0

Task0  Continuous
Fixed in Minor Step
Discrete 1

|Task 1 Constant

V pripadé zapnuté datové integrity a deterministického prenosu dat bloku RateTransition

[%al Block Parameters: Rate Transition X
RateTransition
Handle data transfer between different rates and tasks.
Parameters
Ensure data integrity during data transfer
Ensure deterministic data transfer (maximum delay)
Initial conditions:
0

Output port sample time options:  Specify
Output port sample time:
-1

Qo -m_ Cancel Help Apply

X

EVROPSRA UIE
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Normalni subsystém slouzi pouze k prehlednosti modelu apod. a nema dopady do

simulace ani vygenerovaného kodu.
Atomicky subsystém je feSen separatné a je nedélitelny. Vygenerovany kéd nema pres
cely model optimalizované poradi instrukci.

Atomicky subsystém g

‘ 1 3 4
| out1 } g L ! He | [ |
— R L
~ ==y D
5 T 2
| | |
|
Normalni subsystém
| {13, 14, 15} 8
‘ 10 1
out1 | o 4+
14 1 13
12 16 9
e
-
oy _—

LVEOF I FOND RO REGIONALN ROTVO)
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Pro nastaveni Treat each discrete rate as a separate task jsou jednotlivé Casové smycCky
provadéné paralelné jako nezavislé ulohy (tasky). Moznost
multiprocesorového/vicevlaknového zpracovani vygenerovaného kodu

Solver Simulation time
Data Import/Export
Math and Data Types
» Diagnostics
Hardware Implementation

Start time: [0.0 Stop time: |1

Solver selection

Model Referencing Type: Fixed-step [+ Solver [odet (Euler) =
Simulation Target
» Code Generation v Solver details

Fixed-step size (fundamental sample time). 1e-4

Tasking and sample time options

Periodic sample time constraint: |Unconstrained ‘ -

[¥] Treat each discrete rate as a separate fask

Tasking mode of the real-time system targeted by this
model. Clear for single tasking mode and select for multitasking

["] Allow tasks to execute concurrently on t%
\_ Automatically handle rate transition for data transfer

[ Higher priority value indicates higher task priority

% .
| n — O

LVEOF I FOND RO REGIONALN ROTVO) 0P Vyrkum a vive]
INVESTICE DOVAS! BUDOUCNDSTE o
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Single-tasking (jednovlaknové) zpracovani s vice Casovymi smyCkami (vice
sample-time). U single-tasking je cela uloha feSena jako jeden proces tj.
jednovlaknové. V jednotlivé interupty timeru je ale provadén rizny kod podle
toho jestli se pocCita pouze nejrychlejsi smycka nebo se sejdou dveé Ci vice
Casovych smyc€ek. Pokud se smyc€ky sejdou, jsou pocitané v poradi od
nejmensiho sample-time (s nejvétsi prioritou) k nejvétsimu.

3 €asové smycky se sample time T1=1s, T2=2s, T3=4s

t0 t1 t2 3 t4
F

F 3 & & F 3
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Multi-tasking (vicevlaknoveé) zpracovani s vice ¢asovymi smyckami (vice sample-time)
Dochazi k pferuseni provadéni smy€ek s mensimi prioritami (standardné s vétSimi sample

Multi-tasking v Simulinku

time). Dale Ize nastavit jesté priority asynchronnich udalosti (interupta).

tE t1 t2 t3 t4
Highestf‘riority T ‘ T T rate 1
E T l T 1 T 1 ? l rate 2
WY Y| [
4 l T l 3 rate 3

Lowest Priority

Dotted lines with downward pointing

J:. arrows indicate the release of control

to a lower priority task.

Dotted lines with upward pointing
t arrows indicate preemption by a
higher priority task.

Vertical arrows indicate sample time hits.

Dark gray areas indicate task execution.

Hashed areas indicate task preemption
by a higher priority task.

Light gray areas indicate task execution
is pending.

- -
OF Vyzkum a vive]
Py
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Single-tasking vs. Multi-tasking — Sample
(in Time
Execution (in Output Update
Order) Seconds)
E 0.1 Y Y
a3 E ) [T =
= e s n=Cxin}*Duln 5 F 0.1 Y Y
Pd— - — = A & ] s, —OD
mm "””“” ou D 1 Y Y
A < D F
e o METB i Daorete Filler Rate Transition i Disrete State-Space
SampleTime=0.1 {Fasttf:b:;' SampleTime=1 (Slow to Fast) DTHT:;‘:LM SampleTime=0.1 A 0.1 Y N
SampleTime=].1
C 1 Y Y
Multi-tasking, prabéh real-time
Si . oL . 1 SECOND
ingle-tasking, prubéh real-time
g 9. P Ouput (cam— )
4 3 3
il §
Butput: EFA EFA EFDAC
[EECEE [Eense: | e : ) $
2 2
[} | »
]
{mait) {wuaify * Time: 00 10
i R ) ezl
0.1 SECOND J !
: I I I " Output: [EFDAB] EFA] EFA [EFoas]

b} I

T B B = E
|

1 l 1 [
L I I ] 1
Time: 00 01 02 10 1.1
.
I n [ P
g = Y VEGPSR FOND PRO REGOHA ROZVOI 0F Vyskum 8 vive)
X i INVESTICE DO VA% BUDOUCNOSTE pro
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Multi-tasking v Simulinku

Single-tasking (jednovlaknoveé) vs. Multi-tasking model a nastaveni

Single-tasking (chybi rate-transition)

In2_2s

Integrator

Copyright 1994-2018 The MathWorks, Inc.

¥ Solver details

Fixed-step size (fundamental sample time). auto

Tasking and sample time options
Periodic sample time constraint: | Specified

Sample time properties [11,0,012,0,111

Outt

™ Discrete

v | Other

O

Nastaveni config

Period

Multirate

| v

[ Treat each discrete rate as a separaf Specify discrete sample-time properties in an Nx3 matrix where
each row has the form [sample time, offset, priority]. Faster
sample times must have higher priorities

[l Automatically handle rate transition ft

O Higher priority value indicates higher task priority

Multi-tasking (ma rate-transition)

@ In1

Outl

881

a

(2
In2_2s

Integrator

Out1

[

uration parameters

Solver selection

Type: Fixed-step
¥ Solver details

Fixed-step size (fjundamental sample time). auto

Tasking and sample time options
Periodic sample time constraint: ESpeciﬁed
Sample time properties: :{E1 .0,05:[2,0,1]:]

[¥] Treat each discrete rate as a separate task

] Automatically handle rate transition for data transfe]

] Higher priority value indicates higher task priority

882

« | Solver discrete (no continuous states)

D Multirate

| -

Specify discrete sample-time properties in an Nx3 matrix where
each row has the form [sample time, offset, priority]. Faster
sample times must have higher priorities.

R

EVROPSRA UIE
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Simulink a datové typy

Simulink umoZzriuje pracovat s
velkym mnozstvim datovych typu.
Konkrétni realizace datového typu
zavisi na konkrétnim procesoru.
Napf. int16 bude realizovan na
mikroprocesoru x86 jako short int.

E] Block Parameters:
Gain
Element-wise gain

Simulink a datove typy

Gain X

(y = K.*u) or matrix gain (y = K*u or y = u*K).

Main  Signal Attributes ~ Parameter Attributes
Output minimum: Output maximum:
[ {0

Output data type:
[ Lock output da
Integer rounding

[] Saturate on inte

19

 Inherit: Inherit via internal rule

doublel/

Gain

Inherit: Inherit via internal rule >>

Inherit: Keep MSB
Inherit: Match scaling -
Inherit: Inherit via back propagation :
Inherit: Same as input

double

single

int8

uint8

intl6

uintlé

int32

uint32

inte4

uinte4

fixdt(1,16)

fixdt(1,16,0)

fixdt(1,16,20,0)

<data type expression>

--- Refresh data types ---

Apply

ystup

EVROPSRA UIE
LVEOF I FOND RO REGIONALN ROTVO)
INVESTICE DOVAS! BUDOUCNDSTE

X
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Simulink a pevna radova €arka

Slope+bias

(S1) bin 0111 1111 1111 IOWO|

=

Simulink ma dva typy pevné radové
carky:

sfix16_Sp00018310546875

» 5.9989013671875|

Binary point scaling fika za jakym bitem je D T ] ]
desetina Carka Fi=K*Integer, kde K=2"-N Binary point

(8I) bin 0101 1111 1111 1Dﬂ|

[
l

Slope+bias Cislo je normované libovolnou
hodnotou a muzZe byt posunuto o bias Y=K*Integer
+ Q, kde K'i Q jsou libovolna realna Cisla

Binary point scaling Slope+bias (napf. nastaveni +-6)
@ Block Parameters: Gain1 X
@ Block Parameters: Gain2 *® Gain
&l Element-wise gain (y = K.*u) or matrix gain (y = K*u or y = u*K).
Element-wise gain (y = K.*u) or matrix gain (y = K*u or y = u*K).
Main  Signal Attributes  Parameter Attributes
Main  Signal Attributes ~ Parameter Attributes Output minimum: Output maximum:
QOutput minimum: Output maximum: |[] ‘ : ‘[]
[ [ [1s] _
Output data type: |fixdt(1,16,6/32768,0) Y| <<
Output data type: |ﬁxdt(1,16,12) v| << Data Type Assistant
Dot Type Assitant Mode: Fixed point - Signedness: Signed ~| Word length: |16
Mode: |Fixed point - Signedness: Signed ™ Word length: Scaling: Slope and bias - | Slope: 6/32768
Scaling: Binary point - Fraction length: Bias: l:|
Data type override: Inherit i Calculate Best-Precision Scaling Data type override: |[Inherit - Calculate Best-Precision Scaling
# Fixed-point details % Fixed-point details
[ Lock output data type setting against changes by the fixed-point tools [ Lock output data type setting against changes by the fixed-point tools
Integer rounding mode: Floor = Integer rounding mode: Floor il
[ saturate on integer overflow [ saturate on integer overflow
J- Cancel | Help |  Apply ‘) | cancel Help Apply

%

I coorsune
3 7 LVEOFSRT FOND PRO REGINARN RODNG 0P Vyzkum a vive]
{ INVISTICE DOVAS BUDOUCHOSTI pro Inovaco
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Simulink a pevna radova €arka

Slope+tbias format mize vést ke zvySeni vypocetni naro€nosti (je potfeba provést
vice aritmetickych operaci pro napf. vynasobeni dvou Cisel v tomto formatu)

—(2)

sfix16_S7p6295109483482109en5_B4p5000381475547417ystup?

5.999
> % |18, s\.»oooeaoessgasasw.339__5 35.987182421607 Slope+b|as

sfix16_S7p6295109483482109en5_B4p5000381475547417

v
5.099 sfix16_En12 ’7 vystup2
\—b sfix16_En9 35.98828125 H :
X . _— Binary point

sfix16_En12
5.999

) 4

Nasobeni_Y.vystupl = (int16_T)(((inte4_T)mul_ued_sred4{mul_ued loSR((uinted _T)
(((inte4 T)(Nasobeni P.Constantl VWalue * 2@8480L) << 21U) + Slope+bias
25332962655608069LL), (uinted T)(((int64 T)(Masobeni_ P.Constant3 Value *
20480L) << 21U) + 2533296265560069LL), 50ULL), 6405021735671125ULL) +
-2589954757973LL) >> 26U);

/*® Outport: ‘<Root>/vystup2' incorporates:

* Constant: '<S51>/Constant’

* Constant: '<Si>/Constant2’

* Product: '<S51>/Productl’

g
Nasobeni_Y.vystup2 = (int16 T)(((int32_T)Nasobeni_P.Constant2_ Value * Binary point

Nasobeni P.Constant Value) »>> 15U);

VRGPS FOND FRO REGIONALN RODVE) OF Vyakum a vive]
INVESTICE DOVAS! BUDOUCNDSTE e
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Simulink a datove typy

Simulink, datové typy a vygenerovany kéd

Simulink pouziva vlastni datove typy. Ty jsou poté definovany v souboru rtwtypes.h pro konkrétni procesory

Intel x86 procesor

Nejmensi datovy typ 8bitovy char, Integer ma 32 bitu

E] Code Generation Report

<« & Find: I:lv v Match Case

Contents

Summary

Subsystem Report

Code Interface Report
Traceability Report

Static Code Metrics Report
Code Replacements Report
Coder Assumptions

45
46 *

1
48 *

* Fixed width word size data types:
int8 T, int16 T, int32 T

*  uint8 T, uwintl6 T, wint32 T
real32 T, real64 T

signed 8, 16, or 32 bit integers
unsigned 8, 16, or 32 bit integers ¥
32 and 64 bit floating point numbers *

*

*

itypedef
itypedef
itypedef
itypedef
itypedef
itypedef
itypedef
itypedef

signed char int8 T;
unsigned char uint8_T;
short int16_T;

unsigned short uintlé_T;
int int32_T;

unsigned int uint32 T;
float real32 T;

double reals4_T;

Generated Code

-1 Main file
ert_main.c

(-1 Model files
Nasobeni.c
Nasobeni.h
Nasobeni_private.h
Nasobeni_types.h

-1 Utility files
rtwtypes.h:

===t/

/

1 .

* Generic type definitions: boolean_T, char_T, byte T,
real_T, time_T, ulong_T.

int T, wint_T,

62 S
63 typedef
64 typedef
65 typedef
66 typedef
67 typedef

3 typedef
59 typedef
76 typedef
typedef

double real T;

double time_T;

unsigned char boclean_T;
int int_T;

unsigned int uint T;
unsigned long ulong_T;
char char_T;

unsigned char uchar_T;
char_T byte_T;

e

e

Texas Instrument C2000 série (i F28335)

Nejmensi datovy typ 16bitovy integer,

g0
bitu
|E] Code Generation Report

<« & Find:
SUDSYSLEM Keport

Code Interface Report
Traceability Report

Static Code Metrics Report

Code Replacements Report

Coder Assumptions

Generated Code

(-1 Main file
ert_main.c

(-1 Model files
Nasobeni.c
Nasobeni.h
Nasobeni_private.h
Nasobeni_types.h

[-1 Data files
Nasobeni_data.c

(-1 Utility files
rtwtypes.h

i 5

58
5

4 v Match Case

integer ma 16

* Note: Because the specified hardware does not have native support *
¥ for all data sizes, some data types are actually typedef'ed *
L from Larger native data sizes. The following data types are *
# not in the ideal native data types: *
* *
L int8 T, uint8 T ¥
[ sy
typedef int ints_T;
itypedef unsigned int uints_T;
60 Jtypedef int intle_T;

Eypedef unsigned int uintlé_T;
ypedef long int32 T;

itypedef unsigned long uint32_T;

itypedef long long int64_T;

itypedef unsigned long long uint64_T;

itypedef float real32_T;

itypedef double real64_T;

/ —*
* Generic type definitions: beoolean T, char_ T, byte T, int T, uint T, >
L real_T, time T, ulong T, ulonglong T. *

===*/

typedef double real T;

typedef double time_T;

typedef unsigned int boolean_T;

typedef int int_T;

+unadaf uncionad int uint T-

.
v l CVRGFT FOND PRO REGIOMALM ROTVG) w:w«w:;;q
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Simulink a datove typy

Prevod z plovouci na pevnou radovou ¢€arku a ,,zaokrohlouvaci metody

Zaokrouhlovaci metody slouzi k definovani metody
pfevodu Cisla v plovouci fadové ¢arce do pevné

fadové carky

@ Block Parameters: Data Type Conversion *

Data Type Conversion
Convert the input to the data type and scaling of the output.

The conversion has two possible goals. One goal is to have the Real
World Values of the input and the output be equal. The other goal is to
have the Stored Integer Values of the input and the output be equal.

Overflows and quantization errors can prevent the goal from being fully
achieved.

> Parameters
Qutput minimum: Output maximum:
P [ EAG
Output data type: |ﬁxdt(1,16,1) ~| >>
«, double sfix1

convert L

Lock output data type setting against changes by the fixed-point tools

vstup

Data Type Conversio

Input and output to have equal: Real World Value (RWV) b

Integer rounding mode: |Floor

' | Ceiling
[ saturate on integer O s Fiaraent

| Nearest

J

{Round

|Simplest ]>
|Zero |

Simplest

4 Scope

File Tools View Simulation Help
Q- S0P @ =-Ql- K- FA-
vstup

Ready

Nearest

4 Scope
File Tools View Simulation Help

Q- COP® - A- K- FA-

0F Vyakum a vive|
pet Inovaa
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- Simulink a datové typy

Prevod z plovouci na pevnou radovou ¢€arku a ,,zaokrohlouvaci metody

Volba zaokrouhlovaci metody ma dopady do Nearest
vygenerovaného kodu u = Nasobeni_U.vstup * 2.8;
v = fabs(u);

if (v ¢ 4.503599627370496E+15) {
if (v »>= 8.5) {

Slmplest u = floor(u + 8.5);
} else {
tmp = trunc(Nasobeni_U.vstup * 2.0); u *= 0.8;
if (rtIsNan(tmp) || rtIsInf(tmp)) { }
tmp = ©.9; }
} else { :
tmp = fmod(tmp, 65536.8); if {rt;s:aw(uj [l rtIsInf(u)) {
u=0.9;
3 } else {
u = fmod{u, 65536.8);
4 Scope o [m] bl }

File Tools View Simulation Help

Q- 60OP@® -4 E-F2

4 Scope
File Tools View Simulation Help

Q- POP® - Q-H-F-

nnnnn
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b Simulink a datové typy

Prevod real-world value vs stored integer

Real-world value konverze konvertuje realnou hodnotu Cisla, stored integer pouze reinterpretuje data

E} Block Parameters: Data Type Conversion x
Data Type Conversion
Convert the input to the data type and scaling of the output. Stored lnteger

The conversion has two possible goals. One goal is to have the Real

World Values of the input and the output be equal. The other goal is to
have the Stored Integer Values of the input and the output be equal.
Overflows and quantization errors can prevent the goal from being fully

Y

achieved. ol 24.35546875)|

T o/ bin 0001 1000 0101 1011
2t LT o ) o|[(S1) bin 0001 1000 0101 1011] int16 inﬂ;

0 I [0 | (s1)

Output data type: |int16 vl s>

Lock output data type setting against changes by the fixed-point tools >

[] Saturate on integer overflow

Input and output to have equal: |Real World Value (RWV) v - .
: e Real World Value (RWV) 24.356 STix16 LEnd +» int16 intte =
Integer rounding mode: Zero  [gored Integer (SI) : - MI | bin 0000 0000 0001 1000]

" Apply real-world value

(7] | Cancel  Help

VRGPS FOND FRO REGIONALN RODVE) OF Vyakum a vive]
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b T Simulink a datové typy

Prevod real-world value vs stored integer

Real-world value konverze konvertuje realnou hodnotu Cisla, stored integer pouze reinterpretuje data

real-world value

/¥ Outport: '<Root>/vystup' incorporates:
* DataTypeConversion: '<S51>/Data Type Conversion'
* Inport: '<Root>/Input’
*
Nasobeni Y.vystup = (intl6 T)((intlé T)((Nasobeni U.vstup < @ ? 255 : @) +
Nasobeni U.vstup) >> 8);

Stored integer

/¥ Outport: '<Root>/vystup' incorporates:
* Inport: '<Root>/Input’
w4

Nasobeni_ Y.vystup = Nasobeni U.vstup;

S

VRGPS FOND FRO REGIONALN RODVE) OF Vyakum a vive]
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Simulink a datove typy

Simulink a datové typy — Saturate on integer overflow

Saturate on integer overflow vypnuté

s O X

4 Scope
File Tools View Simulation Help ¥

Q- COP® - a-[0-Fla-

Sample based | T=1.000

Ready

EJ Block Parameters: Gain

Gain

Element-wise gain (y = K.*u) or matrix gain (y = K*u or y = u*K).
Main  Signal Attributes  Parameter Attributes

Output minimum: Output maximum:

O [{ O

Output data type: | fixdt(1,16,8) v s

[ Lock output data type setting against changes by the fixed-point tools

Integer rounding mode: | Floor

| [vIsaturate on integer overflow |

J Cancel Help Apply
Saturate on integer overflow zapnuté

4 Scope

File Tools View Simulation Help

@-4QPr® 2-a- Q- F4-

0F Vyakum a vive|
pet Inovaa
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b Simulink a datové typy

Simulink a datové typy — Saturate on integer overflow a vygenerovany kéd

sfix16 _En8 sfix16 _En8
1 = = 1

vystup

Saturate on integer overflow zapnuté

/* Model step function */
void Nasobeni_step(void)
{
int32 T tmp;
Saturate on integer overflow vypnuté
/* Gqain: '<51>/Gain' incorporates:
void Nasobeni_step(void) :/ Inport: '<Root>/Inl’
{

= # i .
/* Outport: '<Roots>/vystup' incorporates: Hnp {22 Nasoheni . vstin) 3% 13

* Gain: '¢51>/Gain' if (tmp > 32767) {
* Inport: '<Root>/Ini' tmp = 32767;
*/ } else {
Nasobeni_Y.vystup = (int16 T)((11 * Nasobeni_ U.vstup) >> 1); if (tmp < -32768) {
¥ tmp = -32768;
}
}

N o D

VRGPS FOND FRO REGIONALN RODVE) OF Vyakum a vive]
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> o Uzivatelské funkce v Simulinku

Tvorba vlastnich uzivatelskych funkci v Simulinku s
podporou automatického generovani kédu:

* Pomoci zakladnich Simulinkovskych blokii

Matlab function (pomoci jazyka Matlab)

Stateflow

S-function (pomoci C/C++)

- .
3
ici’r —— T_. —
T AT S Y LVRGPSRT FOND PRO RIGIHALN
!} i ¥ INVISTICE DO WAS! Ui 3
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Matlab function

Matlab function (Matlabovska funkce)

Matlab function — umoznuje implementaci Matlab kédu v Simulinku

Umoznuje automatické generovani kédu (C/C++,VHDL)

[}
[}
MATLAB Funclicn
mean
12 2 4 5] »vals $ Display
stats
stday f—
Canstart
Display

MATLAB Function

W =] @ o= L R

[ e R S
T =

function [mean,stdev] = stats (vals)
% #codegen

% calculates a statistical mean and a standard
% deviation for the wvalues in vals.

len = length (vals):;

mean = avg(vals,len);

stdev = agrt (sum( | (vals-avg(vals,len)).”2))/1len);
coder.extrinsic('plot');

plot (vals, '-+"):

function mean = avgf{array,size)
mean = sum{array)/size;

i :Ei I BOPRA e
ASTERSTVO HKOLETY LYROFSKT 00 RO RGO ROTVG)
LY ¢ INVESTICE DO VA% BUDOUCNOSTE
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Stateflow

e Stateflow je grafické programovaci prostredi pro modelovani stavovych
automatu

* Umoznuje automatické generovani kédu

Prostredi Stateflow

Chart Symbols "% . .
G | BEE e mE- o] Stateflow Chart v Simulinku
Q TYPE NAME VALUE PORT

o]

- Ll

o ‘ﬁL.l N y )

“a e "

u Sine Wave Scope

® Chart

a

B

Py

® @

Stavovy automat ve Stateflow

[speed>10]

[speed>50]
2 -

[speed>30]
2 .

1 3 1 3
[speed<5] [speed<25] [speed<40]

VRGPS FOND FRO REGIONALN RODVE) OF Vyakum a vive]
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> o S-function (Systémova funkce)

S-function (Systémova funkce)

S-funkce je zpusob jak vytvofit blok v Simulinku pomoci Matlabu, C, C++, nebo Fortranu

Varianty S-funkci:

Level-2 Matlab S-function (blok slouzi k manualnimu importu napsané S-funkce )

C MEX S-Function (slouzi k importu mex S-funkce vytvofené v Matlabu z vlastniho C)

The S-Function Builder (GUI pro jednoduchou tvorbu S-funkce z vlastniho C)

The Legacy Code Tool (tool se sadou pfikazt na jednoduchou tvorbu S-fce v Matlabu)
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P> ccexTroTecHNICKA S -fu n kce

Zakladni prabéh S-funkce

Simulation Loop Prabéh vypocCtu S-funkce odpovida

Initialize Model

, , 01 w .
— : zakladnimu prubéhu simulace
’ Called if this S-function has i i
T T T T e 14 continuous sample time. Simulinku.
= mmm - ) At the first step, minor time
| o0erivatives | || sepis skpea.
L T e |
! mdlOutputs | : ., .
T Jednotlivé funkce v jazyce C
= P, |
I mdlDerivatives | . sy .
s b popisujici danou S-funkci
] R il Called if this S-function
:-; -: 1 Zero-crossing detection :4-— detects zero crossings.
2 ! E : s i_mzjiﬂ_u;[;u_t;—: - At the first step, minor time
] ig! SoooooIiTio step is skipped.
L | 1 . | . Ve 7 v 7
- BE ) MdlZeroCrossings | | Typicka S-funkce ma stovky radek
= it ] | - Called when parameters , . , , v s
= (1]
glsy . change C kédu proto je vyhodné vyuzivat
w 1 % | 1 f——
—’. v . .
Lot Iindilantabbonidiat napf. S-function builder
I e " esle ik sty ) Called if S-function contains
—————————p1 mdlGetTimeOfNextVarHit |4—— . .
o - _ - e a variable sample time.
o ———— 3! ndtnitiatizeconditions |
E e e e = Called if the S-function
.‘% , resides in an enabled
E subsystem configured to
3 mdlUpdate , reset states.
B e s i I
SR Ry
alled when
PP —p| mdlCleanupRuntimeResources

change v

End simulation

% 3

LVROFSET FOND PRO REGINALN ROZNG) 0P Vyzkum a vive]
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S-Function Builder

Vygenerované soubory:

*  sfun.c (zdrojovy C kéd S-fce, obsahuje
volani wrappovaci/obalove funkce)

* sfun_wrapper.c (tzv. obalova funkce,
obsahuje veskery C kéd napsany v S-
function builderu)

e sfun.tlc (slouzi ke spravnému
vygenerovani kodu S-funkce a jeho
zarazeni v ramci vygenerovaného kodu)

Zkomplilovana S-funkce:

*  sfun.mexw64 (zkompilovana a
spustitelna S-funkce pomoci 64 bitového
compileru pro Windows)

S-Function Builder

@ S-Function Builder: untitled1/$-Function Builder - [m] *
Parameters
S-function name: Build
Language: Inherit from model settings ~
|—Erfunct|on parameters

X
Pndﬁf?ammdzr Initialization Data Properties Libraries Start Outputs Derivatives Update Terminate Build Info
= Input Ports

Opuo r Description

-1 [Pal Output Ports The 5-Function Builder block creates a wrapper C-MEX S-function from your supplied C code with multiple
T & ¥ input ports, output ports, and a variahle number of scalar, vector, or matrix parameters, The input and

output ports €an propagate Simulink built-in data types, fixed-point datatypes, complex, 1-0, and 2-D
signals, This block also supports discrete and continuous states of type real, You can optionally have
the block generate a TLC file to be used with Simulink Coder for code generation.

-4 Parameters

r S-function settings
Number of discrete states: Sample mode: Inherited bt
Discrete states IC:

Number of continucus states;

0
0
0 Number of PWorks: ]
0

Continuous states IC:

Cancel Help

LVEOF I FOND RO REGIONALN ROTVO) OF Vyakum a vive]
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Regionalni inovaéni centrum elektrotechniky
Fakulta elektrotechnicka
Zapadoceska univerzita v Plzni

Navrh software a automaticke
generovani koda v Matlab Simulink

Cast 2.

Jakub Talla

WWW.rice.zcu.cz
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Regionalni inovacni centrum elektrotechniky
Fakulta elektrotechnicka
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Déekuji za pozornost!

Adresa: Tel: +420 377 634 443 Email:talic@kev.zcu.cz
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WWW.rice.zcu.cz




