Listing 1. Zawartość pliku platformio.ini

[env:blackpill_f401cc]
platform = ststm32
board = blackpill_f401cc
upload_protocol = dfu
framework = arduino


Listing 2. „Hello World!” w wersji podstawowej.

#include <Arduino.h>

void setup() {
  // put your setup code here, to run once:
  pinMode(PC13, OUTPUT);
}

void loop() {
  // put your main code here, to run repeatedly:

  digitalWrite(PC13, HIGH);
  delay(500);
  digitalWrite(PC13, LOW);
  delay(500);
}

Listing 3. „Hello World!” po kilku iteracjach.

#include <Arduino.h>

void setup() {
  // put your setup code here, to run once:
  pinMode(PC13, OUTPUT);
}

void loop() {
  unsigned char k = 0;
  // put your main code here, to run repeatedly:
  for(unsigned int a = 0; a <1000; a++){
    digitalWrite(PC13, HIGH);
    digitalWrite(PC13, LOW);
  }
  delay(1000);
  for(unsigned char i = 0; i < 10; i++){
    digitalWrite(PC13, HIGH);
    delay(500);
    digitalWrite(PC13, LOW);
    delay(500);
  }
  unsigned char l = 0;
  for(unsigned int j = 0; j <= 1000; j++){
    for(unsigned char k = 0; k < 100; k++){
      if(l <= k) digitalWrite(PC13, HIGH);
      if(l > k) digitalWrite(PC13, LOW);
      delayMicroseconds(250);
    }
    delayMicroseconds(750);
    l++;
    if(l == 101) l = 0;
  }
  delay(1000); 
}

Listing 4. Dodajemy obsługę przycisku.

#include <Arduino.h>

// put function declarations here:
void buttonPressed(void);

struct ef {
  unsigned : 30;
  unsigned bInt : 1;
  unsigned buttonToggle : 1;
 };
volatile ef exec_flags;

void setup() {
  // put your setup code here, to run once:
  pinMode(PC13, OUTPUT);
  pinMode(PA0, INPUT_PULLUP);
  attachInterrupt(digitalPinToInterrupt(PA0),buttonPressed,CHANGE);
}

void loop() {
  unsigned char k = 0;
  // put your main code here, to run repeatedly:
  for(unsigned int a = 0; a <1000; a++){
    digitalWrite(PC13, HIGH);
    digitalWrite(PC13, LOW);
  }
  delay(1000);

  while(exec_flags.buttonToggle == 0){
    for(unsigned char i = 0; i < 10; i++){
      digitalWrite(PC13, HIGH);
      delay(500);
      digitalWrite(PC13, LOW);
      delay(500);
      if (exec_flags.bInt || exec_flags.buttonToggle) {
        exec_flags.buttonToggle = 1;
        exec_flags.bInt = 0;
        break;
      }
    }
    unsigned char l = 0;
    for(unsigned int j = 0; j <= 1000; j++){
      for(unsigned char k = 0; k < 100; k++){
        if(l <= k) digitalWrite(PC13, HIGH);
        if(l > k) digitalWrite(PC13, LOW);
        delayMicroseconds(250);
      }
      delayMicroseconds(750);
      l++;
      if(l == 101) l = 0;
      if (exec_flags.bInt || exec_flags.buttonToggle) {
         exec_flags.buttonToggle = 1;
         exec_flags.bInt = 0;
       break;
      }
    }
  }

  delay(1000);
  if (exec_flags.bInt && exec_flags.buttonToggle) {
    exec_flags.buttonToggle = 0;
    exec_flags.bInt = 0;
  }
}


// put function definitions here:
void buttonPressed(){
  exec_flags.bInt = 1;
}

Listing 5. Alternatywna forma struktury.

volatile struct {
  unsigned : 30;
  unsigned bInt : 1;
  unsigned buttonToggle : 1;
} exec_flags;

Listing 6. Funkcja setup() w wariancie z timerem.

void setup() {
  // put your setup code here, to run once:
  pinMode(PC13, OUTPUT);
  pinMode(PA0, INPUT_PULLUP);
  softPWM.bToggle = 1;
  HardwareTimer *myTim = new HardwareTimer(TIM2);
  myTim->setOverflow(5, MICROSEC_FORMAT);
  myTim->attachInterrupt(T2_task);
  myTim->resume();
}

Listing 7. Nowa struktura ze wszystkimi potrzebnymi zmiennymi do wariantu z timerem.

volatile struct {
  unsigned : 5;
  unsigned bCount : 4;
  unsigned bPressed : 1;
  unsigned bIntCount : 6;
  unsigned sPWMset : 7;
  unsigned sPWMdir : 1;
  unsigned sPWMper: 7;
  unsigned bToggle : 1;
} softPWM;

Listing 8. Funkcja T2_task() wykonywana w przerwaniu timera.

void T2_task(){
  softPWM.sPWMper++; 
  if (softPWM.sPWMper == 100){
    softPWM.sPWMper = 0;
    softPWM.bIntCount++;
  }
  if ((softPWM.bToggle == 1) && (softPWM.sPWMper <= softPWM.sPWMset)) digitalWrite(PC13, 0);
  else digitalWrite(PC13, 1);

  if (softPWM.bIntCount == 49){
    softPWM.bIntCount = 0;
    if (digitalRead(PA0) == 0) softPWM.bCount++;
     if (softPWM.sPWMdir == 0){
      softPWM.sPWMset++;
      if (softPWM.sPWMset == 100) softPWM.sPWMdir = 1;
    }
    else {
      softPWM.sPWMset--;
      if (softPWM.sPWMset == 0) softPWM.sPWMdir = 0;
    }
  }
  
  if (softPWM.bCount > 10){
    softPWM.bCount = 0;
    softPWM.bPressed = 1;
  }
  if (softPWM.bPressed == 1){
    if (softPWM.bToggle == 1){
      softPWM.bToggle = 0;
      digitalWrite(PC13, 1);
    }
    else {
      softPWM.bToggle = 1;
      softPWM.sPWMper = 0;
      softPWM.sPWMset = 0;
      softPWM.sPWMdir = 0;
    }
    softPWM.bPressed = 0;
  }
}

Listing 9. Kompletny program, ale część kodu z przerwania została umieszczona w pętli głównej.

#include <Arduino.h>

// put function declarations here:
void T2_task(void);

volatile struct {
  unsigned : 5;
  unsigned bCount : 4;
  unsigned bPressed : 1;
  unsigned bIntCount : 6;
  unsigned sPWMset : 7;
  unsigned sPWMdir : 1;
  unsigned sPWMper: 7;
  unsigned bToggle : 1;
} softPWM;

void setup() {
  // put your setup code here, to run once:
  pinMode(PC13, OUTPUT);
  pinMode(PA0, INPUT_PULLUP);
  softPWM.bToggle = 1;
  HardwareTimer *myTim = new HardwareTimer(TIM2);
  myTim->setOverflow(5, MICROSEC_FORMAT);
  myTim->attachInterrupt(T2_task);
  myTim->resume();
}

void loop() {
  if (softPWM.bIntCount == 49){
    softPWM.bIntCount = 0;
    if (digitalRead(PA0) == 0) softPWM.bCount++;
     if (softPWM.sPWMdir == 0){
      softPWM.sPWMset++;
      if (softPWM.sPWMset == 100) softPWM.sPWMdir = 1;
    }
    else {
      softPWM.sPWMset--;
      if (softPWM.sPWMset == 0) softPWM.sPWMdir = 0;
    }
  }
  
  if (softPWM.bCount > 10){
    softPWM.bCount = 0;
    softPWM.bPressed = 1;
  }
  if (softPWM.bPressed == 1){
    if (softPWM.bToggle == 1){
      softPWM.bToggle = 0;
      digitalWrite(PC13, 1);
    }
    else {
      softPWM.bToggle = 1;
      softPWM.sPWMper = 0;
      softPWM.sPWMset = 0;
      softPWM.sPWMdir = 0;
    }
    softPWM.bPressed = 0;
  }
}

void T2_task(){
  softPWM.sPWMper++; 
  if (softPWM.sPWMper == 100){
    softPWM.sPWMper = 0;
    softPWM.bIntCount++;
  }
  if ((softPWM.bToggle == 1) && (softPWM.sPWMper <= softPWM.sPWMset)) digitalWrite(PC13, 0);
  else digitalWrite(PC13, 1);
}

Listing 10. Plik platformio.ini z dodaną obsługą USB-CDC oraz ustawieniami dla terminalu wbudowanego w IDE.

[env:blackpill_f401cc]
platform = ststm32
board = blackpill_f401cc
upload_protocol = dfu
framework = arduino
build_flags =
    -D PIO_FRAMEWORK_ARDUINO_ENABLE_CDC
    -D USBCON
    -D USBD_VID=0x0483	
    -D USBD_PID=0x0100
    -D USB_MANUFACTURER="Unknown"
    -D USB_PRODUCT="\"BlackPill_F401CC\""

monitor_port = COM[3]
monitor_speed = 115200

Listing 11. Podstawowa implementacja funkcji debugera za pomocą dyrektyw preprocesora.

#define DEBUG 0

#if DEBUG == 1
  #define debugStart(x) Serial.begin(x)
  #define debug(x, ...) Serial.print(x, ##__VA_ARGS__)
  #define debugln(x, ...) Serial.println(x, ##__VA_ARGS__)
#else
  #define debugStart(x)
  #define debug(x, ...)
  #define debugln(x, ...)
#endif

Listing 12. Ostateczna wersja programu z obsługą diod WS2812B.

#include <Arduino.h>

#define DEBUG 0

#if DEBUG == 1
  #define debugStart(x) Serial.begin(x)
  #define debug(x, ...) Serial.print(x, ##__VA_ARGS__)
  #define debugln(x, ...) Serial.println(x, ##__VA_ARGS__)
#else
  #define debugStart(x)
  #define debug(x, ...)
  #define debugln(x, ...)
#endif

#define WSTh 4
#define WSTl 14
#define LEDMax 24

// put function declarations here:
void T2_task(void);
void WSWrite(unsigned int L);
void WSClear(void);

volatile struct {
  unsigned : 5;
  unsigned bCount : 4;
  unsigned bPressed : 1;
  unsigned bIntCount : 6;
  unsigned sPWMset : 7;
  unsigned sPWMdir : 1;
  unsigned sPWMper: 7;
  unsigned bToggle : 1;
} softPWM;

static unsigned int randVal;
static union 
{
  unsigned int colors;
  struct {
    unsigned char G : 8;
    unsigned char R : 8;
    unsigned char B : 8;
    unsigned : 8;
  } color;
  /* data */
};
static unsigned char LEDCount;
static unsigned char LEDNum;

HardwareTimer *myTim = new HardwareTimer(TIM2);

void setup() {
  // put your setup code here, to run once:
  pinMode(PC13, OUTPUT);
  pinMode(PC14, OUTPUT);
  pinMode(PC15, OUTPUT);
  pinMode(PA0, INPUT_PULLUP);
  debugStart(115200);
  digitalWrite(PC13, 0);
  delay(500);
  if (digitalRead(PA0) == 0){
    unsigned char g = 0;
    unsigned char f = 0;
    while(1){
      digitalWriteFast(PC_14, 1);
      digitalWriteFast(PC_14, 0);
      digitalWriteFast(PC_14, 1);
      digitalWriteFast(PC_14, 0);
    }
  }
  digitalWrite(PC13, 1);
  for(unsigned int k = 0; k < LEDMax; k++){
    WSClear();
  }
  delay(250);
  softPWM.bToggle = 1;
  //HardwareTimer *myTim = new HardwareTimer(TIM2);
  myTim->setOverflow(5, MICROSEC_FORMAT);
  myTim->attachInterrupt(T2_task);
  myTim->resume();
}

void loop(){
  randVal = random();
  debug("RandVal, dec: ");
  debug(randVal, DEC);
  debug(", hes: 0x");
  debugln(randVal, HEX);
  //colors = 0x00AA55AA;
  //colors = 0xFF3F0F;
  //colors++;
  colors = randVal >> 8;
  debug("colors, dec: ");
  debug(colors, DEC);
  debug(", hex: 0x");
  debug(colors, HEX);
  colors = colors & 0x00FCFCFC;
  debug(", limit: 0x");
  debugln(colors, HEX);
  debug(", B: 0x");
  debug(color.B, HEX);
  debug(", R: 0x");
  debug(color.R, HEX);
  debug(", G: 0x");
  debugln(color.G, HEX);
  if(LEDCount < LEDNum){
    myTim->pause();
    WSWrite(colors);
    myTim->resume();
  }
  else{
    myTim->pause();
    WSClear();
    myTim->resume();
  }
  LEDCount++;
  if(LEDCount > LEDMax){
    LEDCount = 0;
    LEDNum++;
    if(LEDNum > LEDMax) LEDNum = 0;
    delay(50);
  }
}

void T2_task(){
  digitalWriteFast(PC_14, HIGH);
  softPWM.sPWMper++; 
  if (softPWM.sPWMper == 100){
    softPWM.sPWMper = 0;
    softPWM.bIntCount++;
  }
  if ((softPWM.bToggle == 1) && (softPWM.sPWMper <= softPWM.sPWMset)) digitalWrite(PC13, 0);
  else digitalWrite(PC13, 1);

  if (softPWM.bIntCount == 49){
    softPWM.bIntCount = 0;
    if (digitalRead(PA0) == 0) softPWM.bCount++;
    if (softPWM.sPWMdir == 0){
      softPWM.sPWMset++;
      if (softPWM.sPWMset == 100) softPWM.sPWMdir = 1;
    }
    else {
      softPWM.sPWMset--;
      if (softPWM.sPWMset == 0) softPWM.sPWMdir = 0;
    }
  }
  
  if (softPWM.bCount > 10){
    softPWM.bCount = 0;
    softPWM.bPressed = 1;
  }
  if (softPWM.bPressed == 1){
    if (softPWM.bToggle == 1){
      softPWM.bToggle = 0;
      digitalWrite(PC13, 1);
    }
    else {
      softPWM.bToggle = 1;
      softPWM.sPWMper = 0;
      softPWM.sPWMset = 0;
      softPWM.sPWMdir = 0;
    }
    softPWM.bPressed = 0;
  }
  digitalWriteFast(PC_14, LOW);
}

void WSWrite(unsigned int L){
//WS2812B timing:
//0 = Ton < 560ns, Ttot 1250ns
//1 = Ton >560ns, Ttot 1250ns

  unsigned char i = 0;
  for(unsigned char k = 0; k < 24; k++){
  
    if(L & 0b1){
      while(i < WSTl) {
        digitalWriteFast(PC_15, 1);
        i++;
      }
      i = 0;
      while(i < WSTh) {
        digitalWriteFast(PC_15, 0);
        i++;
      }
      i = 0;
    }
    else {
      while(i < WSTh) {
        digitalWriteFast(PC_15, 1);
        i++;
      }
      i = 0;
      while(i < WSTl) {
        digitalWriteFast(PC_15, 0);
        i++;
      }
      i = 0;
    }
    L = L >> 1;
  }
}

void WSClear(){
//WS2812B timing:
//0 = Ton < 560ns, Ttot 1250ns
//1 = Ton >560ns, Ttot 1250ns

  unsigned char i = 0;
  for(unsigned char k = 0; k < 24; k++){
    while(i < WSTh){
      digitalWriteFast(PC_15, 1);
      i++;
    }
    i = 0;
    while(i < WSTl) {
      digitalWriteFast(PC_15, 0);
      i++;
    }
    i = 0;
  }
}


Listing 13. Wynik działania funkcji debugowania programu z listingu 12. w programie CoolTerm.
21:12:51.402 --> RandVal, dec: 1663234727, hes: 0x6322F2A7
21:12:51.402 --> colors, dec: 6497010, hex: 0x6322F2, limit: 0x6020F0
21:12:51.402 --> , B: 0x60, R: 0x20, G: 0xF0
21:12:51.402 --> RandVal, dec: 795202630, hes: 0x2F65D446
21:12:51.402 --> colors, dec: 3106260, hex: 0x2F65D4, limit: 0x2C64D4
21:12:51.402 --> , B: 0x2C, R: 0x64, G: 0xD4
21:12:51.402 --> RandVal, dec: 1643691567, hes: 0x61F8BE2F
21:12:51.402 --> colors, dec: 6420670, hex: 0x61F8BE, limit: 0x60F8BC
21:12:51.402 --> , B: 0x60, R: 0xF8, G: 0xBC
21:12:51.433 --> RandVal, dec: 100351560, hes: 0x5FB3E48
21:12:51.433 --> colors, dec: 391998, hex: 0x5FB3E, limit: 0x4F83C
21:12:51.433 --> , B: 0x4, R: 0xF8, G: 0x3C
21:12:51.433 --> RandVal, dec: 482588153, hes: 0x1CC3B5F9
21:12:51.433 --> colors, dec: 1885109, hex: 0x1CC3B5, limit: 0x1CC0B4
21:12:51.433 --> , B: 0x1C, R: 0xC0, G: 0xB4

