FAKULTA
> ELEKTROTECHNICKA

Regionalni inovaéni centrum elektrotechniky
Fakulta elektrotechnicka
Zapadoceska univerzita v Plzni

Zaklady generovani ciloveho
SW ze Simulinku

Mikroprocesorové rizeni pohonti 2
NELU O EE!

WWW.rice.zcu.cz




FAKULTA

b s OSNOVA PREDNASKY ¢é&. 10

1) Podpora cilovych platforem
2) Simulink a HW periferie
3) Scheduling

4) Code replacement optimalizace (HW specificka)



AAAAAAA
EEEEEEEEEEEEEEEE

Podpora cilovych platforem

l VEOPSRA UNIE



FAKULTA

X - Podpora cilovych platforem

Podpora cilovych platforem

* Umoznuje konfigurovat HW periferie
* Umoznuje nastaveni HW interruptt (preruseni)
* Umoznuje specifickou optimalizaci kédu

* Umoznuje spolupraci s vyvojovym prostredim mikrokontroléru (napr. CCS)
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Podporované cilové platformy

Podporované cilové platformy dle firem:

3D Robotics
*Advantech
*Altium
*Analog Devices
*Android

*Apple

BeagleBoard
eData Translation

*Ettus Research
*Freescale
*Green Hills Software

*Humusoft

*Infineon

*Intel

*Keithley Instruments
LEGO

*Linux
*Measurement
Computing

dSPACE
*Eclipse

*Microchip
*Microsoft

*National Instruments

*NVIDIA

‘NXP

*Parrot

*Quanser
*Raspberry Pi
*Renesas

*Robot Operating
System

‘RTI

*Speedgoat
*STMicroelectronics
*Texas Instruments
TTi

*\Vector

*VVex Robotics

pro Inovace
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Microcontrollers

MSP430™

Podporované cilové platformy TI

Podporované cilové platformy firmy Texas Instrument:

ARM Based Processors

Tiva™ C Series — M4
Stellaris® Cortex™-M3

c2000™
« Delfino™

+ Piccolo™

TMS570 Cortex™-R4

Sitara™

Cortex™-A8 and ARM9®

KeyStone™

Digital Signal Processors

C6000™ Power Optimized

C5000™ Ultra Low Power

KeyStone Multicore
KeyStone Multicore DSP+ARM

C6000™ Multicore

OMAP Smart Multicore Processors with Cortex-A8, A9, and A15
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Podporované cilové platformy TI

Podporované cilové mikrokontroléry série TMS320C2000 firmy Texas
Instrument:

Processor Family Processors

TI Delfino F28377S LaunchPad F28377S

TI Delfino F2837xS F28379S, F28377S, F28376S, F28375S, and F28374S
TI Delfino F28379D LaunchPad F28379D

TI Delfino F2837xD

F28379D, F28377D, F28376D, F28375D, and F28374D

TI Delfino F2833x

F28335, F28334, and F28332

TI Delfino C2834x

(C28346, C28345, C28344, C28343, C28342, and C28341

TI Piccolo F280049C LaunchPad

F280049C

TI Piccolo F28004x

F280049M, F280049C, F280049, F280048C, F280048,
F280045, F280041C, F280041, F280040C, and F280040

TI Piccolo F2807x

F28075 and F28074

TI Piccolo F2806x

F28069M, F28069, F28068, F28067, F28066, F28065,
F28064, F28063, and F28062

TI Piccolo F28069M LaunchPad

F28069M

TI Piccolo F2805x

F28055, F28054, F28053, F28052, F28051, and F28050

TI Piccolo F2803x

F28035, F28034, F28033, F28032, F28031, and F28030

TI Piccolo F2802x

F28027, F28026, F28023, F28022, F28021, F28020, and
F280200

TI Piccolo F28027/F28027F LaunchPad

F28027

TI F280x

F2809, F2808, F2806, F2802, F2801, F28016, and
F28015

TI F28044 F28044
TI F281x F2812, F2811, and F2810
TI F2838x F28388D, F28388S, F28386D, F28386S, F28384D, and

F28384S

Jn
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Bloky HW periferii

ES Simulink Library Browser

@ YR - =@
Embedded Coder Support Package for Texas Instruments C2000 Processors/C2833x

| struct

HW periferie

Sinks ~
Sources
String
User-Defined Functions
> Additional Math & Discrete
> Quick Insert
> Control System Toolbox
> DSP System Toolbox
> DSP System Toolbox HDL Support
Embedded Coder
Embedded Coder Support Package for Texas Instruments C2000 Processors
C2802x
C2803x
C2805x
C2806x
C280x
C281x
C2833x
C2834x
F28004x
F2807x
F2837xD
F2837xS
F2838x
Memory Operations
v Optimization
C28x DMC
C28x IQmath
Scheduling
Target Communication
> HDL Coder
PLECS
» PLECS Extras
> Simulink 3D Animation v

v

C280x/C2833x

ADC

A

C28x

ccp

C2833x
GPIOX

GPIO DI

ADC

CAN Calibration Protocol

Digital Input

Y GPIOX

GPIO DO

C2833x

CZS?U

Msg

eCAN RCV

C28x
Msg

eCAN XMT

Digital Output

eCAN Receive

aCAN Transmit

C28x
Ts
eCAP

C280x/C2833x

ePWM

C28x

gposcnt [»

ePWM

C28x
RD
12C ROV

b Hwo

C28x

12C XMT

SCI RCV

12C Receive

12C Transmit

SCI Receive

C28x

SCI XMT

C28x
) PIEIFR7.INTS

Sw Int Trigger

Y7

€28Bx

SPI R D
Master Transfer

Slave select: SPISTE

SCI Transmit

Software Interrupt Trigger

SPI Master Transfer

c2Bx
Rx
SPI
Receive

Slave select: SPRTES

>Tx

c2Bx

SPI Status
Transmit

Slave select: SPISTE

C28x

Watchdog

SPI Receive

SPI Transmit

Watchdog

EVROPSRA UIE
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Bloky HW periferii - konfigurace

HW periferie

[*&] Block Parameters: ADC X
C280x/C2833x ADC (mask) (link)

Configures the ADC to output a constant stream of data collected
from the ADC pins on the C280x/C2833x DSP.

ADC Control  Input Channels

Module: |A -
Conversion mode: |Sequential i
C280x/C2833x
| Start of conversion: |Suftware '|
A Sample time:
. = H
Data type: |int16 7|

[ Post interrupt at the end of conversion

| 0K || Cancel || Help | Apply

Tvorba vlastniho driveru:
https://www.mathworks.com/help/supportpkg/raspberrypi/device-

E] Block Parameters: ePWM

| C280x/C2833x ePWM (mask) (link)
Configures the Event Manager of the C280x/C2833x DSP to generate ePWM waveforms.

General ePWMA  ePWMB  Deadband unit  Event Trigger
[ Allow use of 16 HRPWMs (for C28044) instead of 6 PWMs

Module: |ePWM1

Timer period units: | Clock cycles

Specify timer period via: ispecify via dialog

Timer period: |64000

Reload for time base period register (PRDLD): |Counter equals to zero

Counting mode: i Up

Synchronization action: | Disable

[ Specify software synchronization via input port (SWFSYNC)

Synchronization output (SYNCO): \Disable

Time base clock (TBCLK) prescaler divider: |1

High speed clock (HSPCLKDIV) prescaler divider: |1

| OK || Cancel H

B2 Ent

C280x/C2833x

ePWM

driver-blocks.html?s tid=CRUX Iftnav

VRGPS FOND FRO REGIONALN RODVE)
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Konfigurace HW periferii

250 /% Model initialize function */ V periodicky volané funkci

Summary 251 woid prednaskal@b_initialize(void)
252
Subsystem Report 52 4 : )
253 /* Registration code */
Code Interface Report 254 /*-- Update CMPA value for ePWM1 --*/
- 55 /* initialize real-time model */ { .
Traceability Report 55 (void) memset((void *)rtM _iqle InPortValue = rtDW.TQNXIQN;

EPwmlRegs.CMPA.half.CMPA = (uintl6_T)((_IQle@mpyI32int(InPortValue,

sizeof (RT_MODEL));
(RT s EPwmiRegs.TBPRD) * €.01));

W

Static Code Metrics Report
Code Replacements Report
Coder Assumptions

/* states (dwork) */
(void) memset((void *)&rtDW, &,

y

DN RN NN
-3 wn
@ W N

/* S-Function (c28@xadc): '<Root>/ADC' */

261 sizeof (DW)); {
S
Generated Code f:i 7% SEEEEreR SSPURELTER (E2BORPM CRBBESYERR® ¥ AdcRegs .ADCTRL2.bit.RST_SEQ1 = 1; /* Reset SEQ1 module*/
= ¢ '<Root>/ePii AdcRegs .ADCST.bit.INT_SEQ1_CLR = 1;/*clear INT sequencer*/
[-1 Main file 284 AdcRegs .ADCTRL2.bit.S0C_SEQL = 1; /* Software Trigger*/
ert main.c 265 /*** Initialize ePWMl modules ***/ while (AdcRegs.ADCST.bit.INT_SEQL == @) {
e 266 { } /*Wait for Sequencer INT bit to clear */
-1 Model files 267 /*-- Setup Time-Base (TB) Submodule --*/
268 EPwmiRegs.TBPRD = 64008; asm(" RPT #11 || NOP");
prednaskalOb.c 269 rtDW.ADC = (AdcRegs.ADCRESULT®) »>> 4;
prednaskalob.h 278 /* // Time-Base Control Register }
271 EPwm1Regs.TBCTL.bit.CTRMODE = a; // Counter Mode
[+1 Utility files (1) 272 EPwm1Regs.TBCTL.bit.SYNCOSEL = 3; // Sync output select
5 cnt s 273 EPwm1Regs.TBCTL.bit.PRDLD =18 // Shadow select
355 EPwm1Regs.TZCTL.all = (EPwmlRegs.TZCTL.all & ~BxF) | @xF;
356
357 /* // Trip-Zone Enable Interrupt Register
358 EPwmlRegs.TZEINT.bit.OST = 8; // Trip Zones Onm
359 EPwm1Regs.TZEINT.bit.CBC = 8e; // Trip Zones Cy
368 R
361 EPwm1Regs.TZEINT.all = (EPwmlRegs.TZEINT.all & ~Bx6) | ©x@;
362 EDIS;
363 }
364

65 /* Start for S-Function (c28éxadc): ’'<Root>/ADC' */
366 if (adcInitFlag == @) {

67 InitAdc();

68 adcInitFlag = 1;

371 config ADC_A (@U, eU, eu, eu, eu);

IX%]’ . Po—— s
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DalsSi konfigurace projektu a HW periferii

(€ Configuration Parameters: prednaska10b/QuickStart_50021_5_9_22 17_36855 (Active)

HW periferie

|Q Search

Solver
Data Import/Export
Math and Data Types

» Diagnostics
Hardware Implementation
Model Referencing
Simulation Target

» Code Generation

Hardware board !TI Delfino F2833x

Code Generation system target file: erttic

Device vendor: |Texas Instruments

» Device details

Hardware board settings

» Operating system/scheduler

v Target hardware resources

Groups

| * | Device type: |C2000 [=] |

Build options Build action: |Build, load and run

|'|

Clockin
- Device Name® [F28335

| hd | [ ] Boot From Flash (stand alone execution)

ADC
eCAN_A [] Use custom linker command file

eCAN_B Linker command file: $(TARGET_ROOT)\src\c28335 cmd

Browse . [ Edit
I

eCAP

PWM CCS hardware configuration file: ‘$(TARGET?ROOT)fCCSiconﬁgfoSf}aS coexml

| | Browse... Edit...

12c [] Remap ePWMs for DMA access (Requires silicon revision A and above)
SCI_A [¥] Enable FastRTS
SCI_B

sclc

SPILA

eQEP

Watchdog

GPIOOD_7

GPIO8_15

GPIO16_23

GPI1024_31

GPIO32 39

GPIO40_47

GPIO48_55

GPIO56_63

DMA_ch1

OK | cancel || Help || Apply |

EVROPSRA UIE
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Simulink umoznuje tfi typy udalosti:

BASE RATE Synchronni udalost

* V Simulinku jako €éasové smycky, HW fesen
vétsSinou jako interrupt ¢asovace

Zakladni krok simulace nastavi interrupt CasovacCe a v
ném SW feSi jednotlivé Casové smycky podle priorit od
nejmensiho kroku do nejvétSiho

HW INTERRUPT Obecné asynchronni udalost
* V Simulinku feSen jako volani funkce

V ramci bloku HW intverruptu |ze nastavit priority,
prerusitelnost apod. Resen jako asynchronni funkce

IDLE TASK Asynchronni s nizkou prioritou
* V Simulinku feSen jako volani funkce

Uloha volana mimo HW interrupt v nekone&né while
smycce. Priority urCuji poradi volani funkci.

if (reset) {

}
}

Scheduling

Eout Beromeny

y=0;
else {
y+=k * u;

EVROPSRA UIE
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Scheduling = fizeni udalosti (HW preruseni apod.)

Embedded Coder Support Package for Texas Instruments C2000 Processors/Scheduling

Sinks
Sources
String
User-Defined Functions
> Additional Math & Discrete
» Quick Insert
Contrel System Toolbox
DSP System Toolbox
DSP System Toolbox HDL Support
Embedded Coder
Embedded Coder Support Package for Texas Instruments C2000 Processors
C2802x
C2803x
C2805x
C2806x
C280x%
C281x
C2833x
C2834x
F2B004x
F2807x
F2B37xD
F2B37x5
F2B38x
Memaory Operations
¥ Optimization
C28x DMC
C28x IQmath
Scheduling
Target Communication
5 HD Coder

{vwvww

~

Interrupt

C28x
IRQN >

Idle Task

0

C28x Hardware Interrupt

Idle Task

K

Scheduling

EVROPSRA UIE
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Simulink umoznuje mix vSech typu ¢asovani

CZ‘SX b f() Fromimimim
IRQN | Idie Task
h 4
Interrupt | g L~ function()
Isfix3z_En10 feed
|’7. - in1
—— A
Transmit
C2B0x/C2833x% sfix32_En1f” runc:ronf}
a2 pres Bt ’ o4 fee2 <hip2_Ento Lfix32_Ent e
A convert + sfixdz En1d outt > g
ol t sfix32 e In2 o
ADC — — 2] ki
&l
I Bl ] 1 szas :
10 T : /

! fixd2

™

function{)
fee2

g sfixd2_En [smeZ_En

[

]

tsﬂx:i |

ix32 §EngD

Base-rate 1 (1e-4s)

HW interrupts
Feruseni
Base-rate 2 (5e-4s)/ (p )
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Soubor Main

[N
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~

volatile int IsrOverrun = 8;
static boolean_T OverrunFlag = 8;
void rt_OneStep(veoid) <
{

}
int main(void)

{
float modelBaseRate = 8.8801;

float systemClock = 158;

/* Initialize variables */
stopRequested = false;
runModel = false;
c2eee_flash_init();
init_board();

prednaskaleb_initialize(); ::

configureTimer@(modelBaseRate, systemClock);
runModel =

rtmGetErrorStatus(rtM) == (NULL);
enableTimer8Interrupt();
enable_interrupts();
globalInterruptEnable(); I
while (runModel) { ¢

stopRequested = !(
rtmGetErrorStatus(rtM) == (NULL));
}

/* Disable rt_OneStep() here */
globalInterruptDisable();
return @;

Scheduling Base-rate

rt_OneStep - Funkce Base-rate
zakladni casové smyc¢ky (volana
prerusenim Timeru ¢i ADC)

main

Inicializace HW a modelu (software)

Nekoneéna while smy¢€ka v ni
muze byt volani idle funkce

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



FAKULTA

’ ELEKTROTECHNICKA

rt_OneStep funkce fidici multitasking zakladnich base-rate c¢asovych smycek

void rt OneStep(void)

{

boolean_T eventFlags[2];

/* Check base rate for overrun */
if (isRateRunning[@]++) {
IsrOverrun = 1;
isRateRunning[8]--;
return;

enableTimer@Interrupt();
prednaskal@b_stepe();

/* Get model outputs here */
disableTimer@Interrupt();

O T e e e

enableTimerBInteﬁfbe()

]

Scheduling Base-rate

static void rate_monotonic_scheduler(void)
{
/* Compute which subrates run during the next base time step. Subrates
* are an integer multiple of the base rate counter. Therefore, the subtask
* counter 1is reset when it reaches its Limit (zero means run).

4
. (rtM->Timing.TaskCounters.TID[1])++;
/* e if ((rtM->Timing.TaskCounters.TID[1]) > 4) {/* Sample time: [@.0685s, @8.8s5] */
rtM->Timing.TaskCounters.TID[1] = @;

}

}

/* Model step function for TID8 */

void prednaskal@b_step@(void) /* Sample time: [6.6€81s, @0.9s] */

{
{ /* Sample time: [@.eeels, @.8s] */

rate_monotonic_scheduler();

}
/* Step the model for subrate "1" */ /* UnitDelay: '<Root>/Unit Delay' */
switch (1) rtDW.UnitDelay = rtDW.UnitDelay DSTATE;
{ .
case 1 : /* S-Function (c28aéxpwm): '<Root>/ePWM' */

prednaskal@b_stepl();

/* Get model outputs here */
break;

default
break;

disableTimer@Interrupt();

/*-- Update CMPA value for ePWM1 --*/
{
_igqle InPortValue = rtDW.IQNXIQN;
EPwmlRegs.CMPA.half.CMPA = (uintl6_T)((_IQlempyI32int(InPortvalue,
EPwm1Regs.TBPRD) * 8.01));

L ——
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Scheduling Base-rate

Base-rate HW preruseni od Timeru konfigurace v souboru

c2833xSchedulerTimer0.c

File: c2833xSchedulerTimer(.c

1 Model files
rednaskal0b.c 1 #include <stdbool.h>
prednaskalOb.h 2
3 #include "DSP2833x_Device.h”
1 Utility files (1) 4 #include "DSP2833x_CpuTimers.h"
= 5 #include "MW_c28xx_pie.h"
1 Interface files (1) s
1 Other files 7 extern void rt_OneStep(void);
g
DSP2833x_ADC_cal.asm -

interrupt void TINT@_isr(void)
DSP2833x_CodeStartBranc 18 {

i 11 #ifdef PIEMASK@
D5P2833x CpuTimers.c 12 volatile unsigned int PIEIER1_stack_save
DSP2833x_DMA.C 13 tendif
14

DSP2833x_Defaultlsr.c
DSP2833x_GlobalVariablel
DSP2833x_MemCopy.c
DSP2833x_PieCtrl.c
DSP2833x_PieVect.c

asm(" RPT #5 || NOP");
IFR &= ~IFRMASK;
PieCtrlRegs.PIEACK.all = IFRMASK;

/* wail

DSP2833x_SysCtrl.c IER |= 1;
EINT;
DSP2833x_usDelay.asm ;
= rt_oneStep();
MW _c28xx_board.c /* dis

DINT;

MW _c28xx_csl.c
MW_c28xx_pie.h 28

= PieCtrlRegs.PIEIER1.all;

t 5 cycles */
/* eventually disable lLower/equal |
/* ACK to allow other interrupts fi

/* global interrupt enable */

able global interrupts during cont:

| wvoid configureTimere(float baseRate, float systemClock)

{
/* Initialize CPU Timers here only if Profiling is disabled.
* Because if profiling is enabled, CPU Timers are initialized in
* MW _c28xx_board.c in the generated code.
b
#ifndef MW_EXEC_PROFILER_ON
InitCpuTimers();
#endif
l
L /* Configure CPU-Timer @ to interrupt every @.0025 sec. */
/* Parameters: Timer Pointer, CPU Freq in MHz, Period in usec. */
ConfigCpuTimer(&CpuTimere, systemClock, baseRate * 1eeeeee);
StartCpuTimere();
EALLOW;
PieVectTable.TINT® = &TINT@_isr; /* Hook interrupt to the ISR*/
EDIS;
! PieCtrlRegs.PIEIER1.bit.INTX7 = 1; /* Enable interrupt TINT® */
| IER |= M_INT1;
}

. -
3
i :/} i I— vRorEA UL o —ms
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Scheduling HW interrupt

Hardware Interrupt (HW preruseni)

TR

E] Block Parameters: C28x Hardware Interrupt >
C28x Interrupt Block (mask) (link)

. Create Interrupt Service Routine which will execute the
downstream subsystem.

Base rate task priorita 40, ¢im
Note: The default model base sample rate priority is set to 40 with av v v , v v . .
a lower priority value indicating a higher priority task. These / nizsi cislo tim VySSi prIOrIta

parameters can be changed in the 'Solver' pane of the
'Configuration Parameters'. The Simulink task priority of the
selected interrupt is relative to the model base rate priority
settings.

Parameters

CPU interrupt numbers: r—————— [ _________________________ i
/ |i-gi PSR FELY : i

PIE interrupt numbers: / S b

o @7% ‘l_, © Tunchoni |
|[1 Z] / |i-E! | iz Ento] :n; R i = @
Simulink task priorities: ik -
[30 26] |8
Preemption ilags: preemptable-1, non-preemptable-0 g ol ——

In1

>
= foed [=fixi2_En10 fi32_En1d
[0 1] H = Outt f———»
s @ sfx32_Entl F\Y 1

] Enable simulation input

o[ emel |[ wep | BW0] perysitelnost pferusenim s

vyssi prioritou (0 ne 1 ano)

VRGPS FOND FRO REGIONALN RODVE) OF Vyakum a vive]
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Tabulka preruseni (soucast help)

PIE and CPU Interrupt Numbers for F280x, F2802x, F2803x, F2805x, F2806x, F2833x, F2BM35x, and F28BM36x Processors

PIE =

CPU &
1

W

w

SEQ1INT (ADC) / ADCINT1
EPWM1_TZINT
EPWM1_INT

ECAP1_INT

EQEP1_INT
SPIRXINTA (SPI-A)

DINTCH1 (DMA1)
12CINT1A
SCIRXINTA (SCIA_RX)

EPWMS_TZINT / ADCINT1
CLA1_INT1 / EPWMS_INTT

I MTOCIPCINT1
XINT3

SEQ2INT {ADC) / ADCINT2
EPWM2_TZINT
EPWM2_INT

ECAPZ_INT

EQEP2_INT
SPITXINTA (SPI-A)

DINTCHZ (DMA2)
12CINT2A
SCITXINTA (SCIA_TX)

EPWM10_TZINT / ADCINT2
CLA1_INT2 / EPWM10_INT

{MTOCIPCINT2
XINT4/ C28FLSINGERR

Reserved
EPWM3_TZINT
EPWM3_INT
ECAP3_INT

EQEP3_INT

SPIRXINTE (SPIB_RX) /
MRINTB (McBSP-B)

DINTCH3 (DMA3)
Reserved

SCIRXINTB (SCIB_RX) /
LINA_INTO

EPWM11_TZINT / ADCINT3

CLA1_INT3 / EPWM11_INT /
MTOCIPCINT3

XINTS

XINTA1

EPWM4_TZINT
EPWM4_INT
ECAP4_INT

HRCAP3_INT

SPITXINTE (SPIB_TX) /
MXINTB (McBSP-B)

DINTCH4 (DMA4)
Reserved

SCITXINTB (SCIB_TX) /
LINA_INTA

EPWM12_TZINT / ADCINT4

CLA1_INT4 / EPWM12_INT

IMTOCIPCINT4 /
XINTG / C28RAMSINGERR

Scheduling HW interrupt

XINT2

EPWM5_TZINT
EPWMS5_INT
ECAP5_INT

HRCAP4_INT

SPIRXINTC (SPI-C) /
MRINTA (McBSP-A_RX)

DINTCH5 (DMAS)
SCIRXINTC (SCI-C)
ECANOINTA (CANA_1)

EPWM13_TZINT / ADCINTS

CLA1_INT5 / EPWM13_INT

XINT7 / C2BRAMACCVIOL

ADCINT / ADCINTS

EPWM6_ TZINT
EPWMS6_ INT
ECAPG_INT

Reserved

SPITXINTC (SPI-C) /
MXINTA (McBSP-A_TX)

DINTCHG (DMAG)
SCITXINTC (SCKC)
ECANAINTA (CANA_2)

EPWM14_TZINT / ADCINTG

CLA1_INTE / EPWM14_INT

Reserved

TINTO (TIMER 0)
EPWM7_TZINT
EPWM7_INT

EPWM10_TZINT /
HRCAP1_INT

EPWM10_INT

SPIRXINTD (SPI-D) /
EPWM12_TZINT

EPWM12_INT
Reserved

ECANOINTB (GANB_1)

EPWM15_TZINT / ADCINT7

CLAT_INT7 / EPWM15_INT

LVF

EVROPSRA UIE
VRGPS FOND FRO REGIONALN RODVE)
INVESTICE DOVAS! BUDOUCNDSTE

WAKEINT (LPM/WD)
EPWMS_TZINT
EPWMS_INT

EPWM_TZINT /
HRCAP2_INT

EPWMS_INT

SPITXINTD (SPI-D)/
EPWM11_TZINT

EPWM11_INT
Reserved

ECANAINTB (CANB_2)

EPWM16_TZINT /
ADCINT8

CLA1_INTS /
EPWM16_INT
LUF
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> comorcmmon Scheduling HW interrupt

Hardware Interrupt (HW preruseni)

17 interrupt wvoid SEQ1INT_isr(wvoid)
1g{

9 isr_intilpiel_task_fcn();

28 EALLOW;

21 AdcRegs.ADCST.bit.INT SEQL CLR = 1;

i 22 EDIS;
&l Block Parameters: C28x Hardware Interrupt X / / 23 pieCtrlRegs.PIEACK.all = PIEACK GROUP1;

C28x Interrupt Block (mask) (link) /* Acknowledge to receive more interrupts*/
Create Interrupt Service Routine which will execute the
downstream subsystem.

Note: The default model base sample rate priority is set to 40
a lower priority value indicating a higher priority task. Tl
parameters can be changed in the 'Solver' pane

interrupt void SEQ2INT_isr{void)

volatile unsigned int PIEIER1_stack_save = PieCtrlRegs.PIEIER1.all;
PieCtrlRegs.PIEIER1.all &= ~67;

Ran /*disable groupl Lower/equal priority interrupts*/

N L I, asm(" RPT #5 || NOP"); /*wait 5 cycles */
IFR &= ~1; /*eventually disable Lower/equal priority pending interrupts*/
PIE Interrunt numbersi Zpes PieCtrlRegs.PIEACK.all = 1;
|[1 2 “J - /*ACK to allow other interrupts from the same group to fire*/
Simulink task priorities: IER |= 1;
|[30261 Hﬂ EINT; /*global interrupt enable*/
B - isr_intlpie2_task_fen();
Preemption flags: pr p 1, non-p p 0
lfo1] g g . ; ; ; .
) - (@n el /* disable global interrupts during context switch, CPU will enable global interrupts af
LliEnableslmulton nprc pieCtrlRegs.PIEIER1.all = PIEIERL stack_save;
/*restore PIEIER register that was modified*/
oK || cancel || Help || Apply 43 EALLOW;
44 AdcRegs.ADCST.bit.INT SEQ2 CLR = 1;
45 EDIS;
46 PieCtrlRegs.PIEACK.all = PIEACK_GROUP1;
47 /* Acknowledge to receive more interrupts*/
48 }
49
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-1 Main file

-1 Model files

prednaskal0b.c
prednaskalOb.h

IDLE task

bde Perspective Hel
BEmEuE

E} Block Parameters: Idie Task
Idle Task (mask) (link)

Create a free-running task which will execute the downstream
subsystem.

Parameters
Task numbers:

[t 2]

Preemption flags: preemptible-1, non-preemptible-0

[0 1]

] Enable simulation input

OK | cancel | Help || Apply

Idie Task

Idle Task

sfix32 _En10 =fix32_Eni0d A
D o S _—
L fcel

i sfix
<fix32_En10: outt
e I In2

Scheduling Idle task

sfixaz_Entl h 4
Ly
Int Tee2

Tunction(]

T fix32_En10 .o fsfiead Ent o
2 } L
[
W=
17 void idletask_numl(void)
55 enableTimer@Interrupt(); 18 {
56 globalInterruptEnable(); 19 DINT;
57 while (runModel) { 20 idle_numl_task_fecn();
58 stopRequested = I( 21 EINT;
59 rtmGetErrorStatus(rtM) == (NULL)); 22 }
60 idletask _numi(); 23
61 idletask _num2(); 24 void idletask_num2(void)
i El
62 } 25 {
== 26 idle num2_task fcn();
27 }

K

=fix32_En10 <fix32_Eni0
outi f———p

/* disable global interrupts*/

/* reenable global interrupts*/
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Optimalizace - Code replacement

Code replacement umoznuje nahradu obecnych funkci specifickymi
(napf. HW optimalizovanymi)

& Configuration Parameters: prednaska10/QuickStart_50021_5_8_20 49 36518 (Active)

|Q Search
Solver Software environment
Data Import/Export : ) N | |
Math and Data Types Code replacement library: one

» Diagnostics
Hardware Implementation
Model Referencing
Simulation Target
¥ Code Generation
Optimization
Report
Comments
Identifiers
Custom Code
Interface
Code Style
Verification
Templates
Code Placement
Data Type Replacement

Specify the code replacement library available to yi

Shared code placement: GNU C99 extensions

Support: [ ] floating-point numbers non-finitf AUTOSAR 4.0

TI C28x with C99 extensions

[] absolute time [] continug 1} cogy

Code interface

Code interface packaging: Nonreusable function

[+] Remove error status field in real-time model data structure

Data exchange interface

Array layout: Column-major

External functions compatibility for row-major code generation: error
Generate C AP for:
[ ] states

[ ] signals [ | parameters

[ ] ASAP2 interface

[ ] root-level IO

o
-nms.wm s
MpsIERSTYD SKOSTY w

| -
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Code replacement lib. Tl C28x

78
79
ge
81

|

/* Model step functjon */
void Subsystem step(void)

{

/* Outport: '<Rodt»>/0Outl' incorporates:

* Inport: '<Rodt>/Ini’ @H'E

* Inport: '<Rogt>/In2'

* Product: '<S§>/Product’

*/ s
rtyY.outl = _ IQmpy(rtu.Inl, rtuU.In2, 1@);

/* Model step function */
void Subsystem step(void)
{
/* Outport: '<Root>/Outl' incorporates:
* Inport: ‘<Roots>/Inl"’

* Inport: '<Root>/In2'
*  Produyct: '<¢51>/Product’

oL
rty.outl = (int32_T)(((int64_T)rtU.Inl * rtU.In2) >> 16U);
}

g sfin32_En10 S—

Y

x
b
C

10

Code replacement lib. None
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Optimalizace - Code replacement

Code replacement viewer (prikaz crviewer, vlastni knihovna pfrikazem crtool)

E] Code Replacement Viewer

All Libraries

v 33 All code replacement libraries
> EI GMNU €99 extensions
> (0 AUTOSAR 40
> (3 GCC ARMY
3 Goc ARMSE
(1 GCe ARMTD
3 Goc ARM11
> Cl Inlined ARM MEON Intrinsics
(I GCC ARM Cortex-A
(£ GCC ARM Cortex-R
(X Intel SSE (Windows)
(X3 Intel AVX (Windows)
(3 Intel SSE (Linux)
(0 Intel AVX (Linux)
> (3 Intel AVX-512 (Windows)
> (3 Intel AVX-512 {Linux)
> E:I TI C28x with C99 extensions
~ [ TiC28x
@D 1amath 1 table:mat
[@D T1 C28x addsub t table mat
[ T1.C28x iso_th_table.mat
[E TI.C28x 1f1_table.mat

VoW W

S N L

@
@
@
@
@

@
@
@
@
@

Name
trig_sin
trig_cos
trig_atan2
trig_atan2
trig_sin
trig_cos
trig_atan2
trig_atan
trig_sin
trig_cos
trig_atan2
trig_atand
trig_sin
trig_cos
trig_atan2
trig_atan
trig_sin
trig_cos
trig_atan2
trig_atan

trig_sin

mplementation

== O
RTW_OP_MUL
General Information Fixed-point Settings
Summary
Description:
Key: RTW_OP_MUL with 2 input(s)
Array layout:
Implementation: _IQ21rmpy () with 2 input(s)
Implementation type: FCN_IMPL_FUNCT
Saturation mode: RTW_WRAP_ON_OVERFLOW
Rounding mode: RTW_ROUND_NEAREST
GenCallback file:
Implementation header: IQmathLib.h
Implementation source:
Priority: an
Total usage count: 0
Entry class: RTW.TflCOperationEntryGenerator_Range
Allow shape-agnostic match: not applicable
Entry argument(s)
~

Conceptual argument(s):

Name /O type Data type

k1 RTW_IO_OUTPUT [fixdi(true,32,%,*

ul  RTW IO INPUT [fixdt(true,32,%,*)

uz  |[RTW_IO_INPUT [fixdt(true,16,*,*)

Implementation:

v

L
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Optimalizace - Code replacement

Pouziti specifickych (optimalizovanych) blok

S simulink Library Browser = [m} X
@ A B-or =@
Embedded Coder Support Package for Texas Instruments C2000 Processors/Optimization/C28x IQmath
> DSP System Tﬂﬂ:gg* ~ TQmath a 1Qmath Qmath 1Qmath
> DSP System Toolbax HDL Support
> Embedded Coder 2 ¢ Y>)B Yp A @ vp XA ¢ Yp
~ Embedded Coder Support Package for Texas Instruments C2000 Processors IQNabs IQNatan2 (o) 1QNfrac
C2802x Absolute IQN Arctangent IQN Float to IQN Fractional part IQN
C2803x
IQmath 1Qmath IQmath 1Qmath
€2805x AA Aa JA
C2806% YpAA ¢ Yp Yp v
C280% > e IQNmpyl32frac IQNint > B IQNmpyl32int ) B IQNdiv
C281x Fractional part Integer part IQN Integer part IQN / IQN
C2833x IQN x int32 IQN x int32
C2834x 1Qmath 1 Qmath I TQmath TQmath
F28004)
anu?xx b0 ¢ Yp Py ¢ vh YA ¢ v
F2837xD : IQNtoF ) 8 IQNmpyl32 ) IQNmpy IQNtoIQX
F2837x5 QN to Float IQN x int32 IQN x IQN IQN1 to IQN2
F2838x TQmath Tomath TQmath TQmath
Memory Operations L) b
~ Optimization 38 Y})B Y AA Yh A Yp
C28x DMC IQNmpyIQx IQNmag 1Qsat IQNsqrt
C28x IQmath IQN1 x IQN2 Magnitude IQN Saturate IQN Square Root IQN
Scheduling TQmath
Target Communication
> HDL Coder A vp

void Subsysteml_step(void)

{

/* S-Function (stiigmath_igmpy):

*
£

*

4

/* €28x IQmath Libr

Inport: '<Root>/Ini’
Inport: '<Root>/In2’
Outport: '<Root>/Oufl’'

B

QNmpy

Qmalh
¥

y (stiigmath_igmpy) -

rtY.0utl = _IQlempy (rtu.Inl, rtU.In2);

K

'¢51>/I0N x IQON' incorporates:

'¢S1x/I0N x IQN' */
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Pouziti specifickych (optimalizovanych) blokii DMC knihovna

B3 Simulink Library Browser = X
"\".‘3 |5truct v|hv m}v-jv += @)
Embedded Coder Support Package for Texas Instruments C2000 Processors/Optimization/C28x DMC
» DSP System Toolbox ~ DMC DMC DMC
Ds Alpha
> DSP System Toolbox HDL Support p Lt Aipha 2 Aipha [ A AP : Ds b
> Embedded Coder Jos ) Beta
v Embedded Coder Support Package for Texas Instruments C2000 Processors Bs Clarke Beta b JAngle  1park Beta by JAngle  park Qs p
Ca80% Clarke Inverse Park Park
C2803x Transformation Transformation Transformation
C2805x
sy et _DMC 2 [:-Ml:sewt  Yoain DMC
C280x out [ Ftarget J offset out
C281x Nfdb flag B
PID RampCnt freq  Ram
iy PID Controlle a:: > R:GE”
ntroller mp mp
2834
— O:x Control Generator
F2807x 3ua o PMC TaD yiteta Mgt
F2837xD : ol
F2837x5 : ;
Ub di RPM
F2838x > s\-"GEnDQ Te > > o SPQEd >
Memory Operations Space Vector Speed Measurement
~ Optimization Generator
C28x DMC
C28x IQmath
Scheduling
Target Communication
HMl Crudar
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