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C4µC

● Comm. Interfaces
● I2C

● UART

● SPI

● Examples

● Other peripherals
● ADC

● GPIO bitbanging

● Examples

● Introduction
● Atmega328P

● Toolchain

● IDE

● Examples

● C language recap

● Basic functionalities
● GPIO
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● Interrupt

● Examples



  

C4µC  -  Examples

● Maximum value in an array (1_max.c)
● Simplest code



  

C4µC  -  Examples

● Maximum value in an array (1_max.c)
● Simplest code

#define A_SIZE 10
uint8_t array[A_SIZE] = {1,2,3,4,5,6,7,8,9,10};

int main(void)
{

int i;
uint8_t max = 0;

for (i=0; i<A_SIZE; i++) {
if (array[i] > max)

max = array[i];
}
return max;

}

● Copy/paste in sketch recap_01_max, then compile and upload



  

C4µC  -  Examples

● Maximum value in an array (1_max.c)
● Comments:

● The code compiles

● It probably works, but we are missing the result!!!

● What can we use to get the result?



  

C4µC  -  Examples

● Maximum value in an array (2_max.c)
● Serial interface for output



  

C4µC  -  Examples

● Maximum value in an array (2_max.c)
● Serial interface for output

#define A_SIZE 10
uint8_t array[A_SIZE] = {5,7,8,1,2,10,3,4,6,9};

void setup() {
Serial.begin(9600);
while (!Serial);

}

void loop() {
int i;
uint8_t max = 0;

for (i=0; i<A_SIZE; i++) {
if (array[i] > max) {

max = array[i];
Serial.print("Current max value: ");
Serial.print(max);
Serial.print('\n');

}
}

Serial.print("\nFinal max value: ");
Serial.print(max);
Serial.print("\n\n");

delay(5000);
}

● Copy/paste in sketch 
recap_02_max, then compile 
and upload



  

C4µC  -  Examples

● Maximum value in an array (2_max.c)
● Comments

● We are using the serial communication port to get the result

● We are using the IDE functions setup() and loop()



  

C4µC  -  Examples

● Maximum value in an array (3_max.c)
● Reading an external input via Serial interface



  

C4µC  -  Examples

● Maximum value in an array (3_max.c)
● Reading an external input via Serial interface

#define A_SIZE 10
uint8_t array[A_SIZE] = {5,7,8,1,2,10,3,4,6,9};
void setup() {  Serial.begin(9600);   while (!Serial);}

void loop() {
int i;
uint8_t max = 0;

     for (i=6; i<A_SIZE; i++) {
Serial.print("Insert a value: ");
while (!Serial.available());
Serial.write(array[i] = Serial.read());
Serial.print('\n');

}
for (i=0; i<A_SIZE; i++) {

if (array[i] > max) {
max = array[i];
Serial.print("Current max value: ");
Serial.print(max);
Serial.print('\n');

}
}
Serial.print("\nFinal max value: ");
Serial.print(max);
Serial.print("\n\n");
delay(5000);

}

● Copy/paste in sketch 
recap_03_max, then compile 
and upload



  

C4µC  -  Examples

● Maximum value in an array (3_max.c)
● Comments

● We can send numbers from 0 to 9

– ... overwriting the array from the 7th position 

● How it is possible than the max is not 10?

● Which values have we really inserted? 

● ASCII Table...

idx 0 1 2 3 4 5 6 7 8 9

val 5 7 8 1 2 10 * * * *



  

C4µC  -  Examples

● Maximum value in an array (3_max.c)



  

C4µC  -  Examples

● Maximum value in an array (4_max.c)
● Serial.parseInt()

#define A_SIZE 10
uint8_t array[A_SIZE] = {5,7,8,1,2,10,3,4,6,9};
void setup() {  Serial.begin(9600);   while (!Serial);}

void loop() {
int i;
uint8_t max = 0;
for (i=6; i<A_SIZE; i++) {

Serial.print("Insert a value: ");
while (!Serial.available());
array[i] = Serial.parseInt();
Serial.print(array[i]);
Serial.print('\n');

}
for (i=0; i<A_SIZE; i++) {

if (array[i] > max) {
max = array[i];
Serial.print("Current max value: ");
Serial.print(max);
Serial.print('\n');

}
}
Serial.print("\nFinal max value: ");
Serial.print(max);
Serial.print("\n\n");
delay(5000);

}

● Copy/paste in sketch 
recap_04_max, then compile 
and upload



  

C4µC  -  Examples

● Maximum value in an array (4_max.c)
● Comments

● With Serial.parseInt() we are now interpreting the characters 
and generating integers

● What if we insert a value greater than 255?

and if we insert a negative value?

– Note the variable types and the casts or truncations



  

C4µC  -  Examples

● Be aware of what you read and write (5_rdwr.c)
#define A_SIZE 10
int8_t array[A_SIZE] = {0,0,0,0,0,0,0,0,0,0};

void setup() {
  Serial.begin(9600);
  while (!Serial);
}

void loop() {
  int i;
  for (i=0; i<A_SIZE; i++) {
    Serial.print("Insert a value: ");
    while (!Serial.available());
    array[i] = Serial.parseInt();
    Serial.print(array[i]);
    Serial.print('\n');
  }
  
  Serial.print(".print  .write");
  for (i=0; i<A_SIZE; i++) {
    Serial.print(" ");
    Serial.print(array[i]);
    Serial.print("    ");
    Serial.write(array[i]);
    Serial.print('\n');
  }
  delay(5000);
}

● Copy/paste in sketch 
recap_05_max, then compile 
and upload



  

C4µC  -  Examples

● Be aware of what you read and write (5_rdwr.c)
● Comments

● A number can be truncated: uint8_t = (int)...

● Wrong sign interpretation:  uint_x -> int_x   (ex: 255 --> -1)

– During reading and writing
– ... 



  

C4µC  -  Examples

● Mean value in an array (6_avg.c)
● Read 10 values and compute the mean value



  

C4µC  -  Examples

● Mean value in an array (6_avg.c)
#define A_SIZE 10
uint8_t array[A_SIZE];

void setup() {
Serial.begin(9600); while (!Serial);}

void loop() {
int i;
uint8_t avg = 0;

for (i=0; i<A_SIZE; i++) {
Serial.print("Insert a value: ");
while (!Serial.available());
array[i] = Serial.parseInt();
Serial.print(array[i]);
Serial.print('\n');

}

for (i=0; i<A_SIZE; i++) {
avg += array[i];

}

avg /= 10;

Serial.print("\nAverage value: ");
Serial.print(avg);
Serial.print("\n");

delay(5000);
}

● Copy/paste in sketch 
recap_06_avg, then compile 
and upload

ERROR?!



  

C4µC  -  Examples

● Mean value in an sliding windows (7_avg.c)
● What if we have to compute the mean of the last n values that we 

receive in a continuous stream?



  

C4µC  -  Examples

● Mean value in an sliding windows (7_avg.c)
#define WIN_SIZE 8
uint8_t window[WIN_SIZE];
int i = 0;
int avg = 0;

void setup() { Serial.begin(9600); while (!Serial);
Serial.println("Window size: 8");

}

void loop() {
int j;
while (!Serial.available());
window[i % WIN_SIZE] = Serial.parseInt();
Serial.print((int)window[i]);
Serial.print('\n');
i++;

avg = 0;
for (j=0; j<WIN_SIZE; j++) {

Serial.print(window[j]);
Serial.print(' ');
avg += window[j];

}
Serial.print('\n');

avg /= WIN_SIZE;
Serial.print("\nAverage = ");
Serial.print(avg);
Serial.print('\n');

}

● Copy/paste in sketch 
recap_07_avg, then compile 
and upload



  

C4µC  -  Examples

● Mean value in an sliding windows (8_avg.c)
● Comments

● On every value read, we compute the mean for the whole array

● Can we "improve a little" the performances?

● Imagine the window is very large... (1000 values)

● ...let's avoid to make all the sums



  

C4µC  -  Examples

● Mean value in an sliding windows (8_avg.c)
#define WIN_SIZE 8
uint8_t window[WIN_SIZE] = {0,0,0,0,0,0,0,0};
int i = 0;
int sum = 0;
int last = 0;
int avg = 0;

void setup() {
Serial.begin(9600);
while (!Serial);
Serial.println("Window size: 8");

}

void loop() {
while (!Serial.available());
last = window[ i % WIN_SIZE];
window[i % WIN_SIZE] = Serial.parseInt();
sum += window[i % WIN_SIZE];
sum -= last;
Serial.print((unsigned int)window[i % WIN_SIZE]);
Serial.print('\n');
i++;
avg = sum / WIN_SIZE;
Serial.print("\nAverage = ");
Serial.print(avg);
Serial.print('\n');

}

● Copy/paste in sketch 
recap_08_avg, then compile 
and upload



  

C4µC  -  Examples

● Identification of values in a stream (9_seq.c)
● Try to get only characters that represent a number [0-9] and put 

them in an array



  

C4µC  -  Examples

● Identification of values in a stream (9_seq.c)
#define A_SIZE 10
uint8_t array[A_SIZE];

void setup() {
Serial.begin(9600);
while (!Serial);

}

void loop() {
int i = 0;
int j = 0;
uint8_t c;

for (i=0; i<A_SIZE; i++) {
while (!Serial.available());
c = Serial.read();
if (c < '0' || c > '9')

break;
array[i] = c;   /* … = c – '0'; */
Serial.print((unsigned int)array[i]);
Serial.print('\n');

}

for (j=0; j<i; j++) {
Serial.print(array[j]);
Serial.print(' ');

}

delay(5000);
}

● Copy/paste in sketch 
recap_09_seq, then compile 
and upload



  

C4µC  -  Examples

● Homemade parseInt (10_seq.c)
● Starting from the previous example

● Read only chars [0-9] and put them in the array

● Then convert the inserted values in an integer

● How would you do it?



  

C4µC  -  Examples

● Homemade parseInt (10_seq.c)
#define A_SIZE 10
uint8_t array[A_SIZE];
uint16_t v;

void setup() {
Serial.begin(9600);
while (!Serial);

}

void loop() {
int i = 0;
int j = 0;
int k = 1;
uint8_t c;

for (i=0; i<A_SIZE; i++) {
while (!Serial.available());
c = Serial.read();
if (c < '0' || c > '9')

break;
array[i] = c - 0x30;
Serial.print((unsigned int)array[i]);
Serial.print('\n');

}

● Copy/paste in sketch recap_10_seq, then compile and upload

//... loop() continues
for (j=0; j<i; j++) {

Serial.print(array[j]);
Serial.print(' ');

}

i--;
v = 0;

while (i >= 0) {
v += array[i] * k;
k *= 10;
i--;

}

Serial.print("\nNumber = ");
Serial.print(v);
Serial.print('\n');

delay(5000);
}



  

C4µC  -  Examples

Any question?
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