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Embedded Systems Laboratory 

Lab 4: Pulse width modulation 

Project overview 
We already know how to turned a LED on and off. But what if we want to adjust the 

brightness? The solution is turning it on and off quickly. We will use a technique called Pulse 

Width Modulation (PWM) for this purpose. 

 

The following topics will be covered in this lab: 

• Pulse width modulation 

• Adjustment of RGB color 

• State machine 

• Knight Rider light 

• Sound generation 

 

Technical requirements 
The following components are required to complete this lab: 

• Raspberry Pi 3 Model B+ (MicroSD card, power supply, keyboard, mouse) 

• Breadboard 

• 1 RGB LED 

• 1 Piezzo buzzer 

• 1 button 

• LEDs 

• Resistors 

• Wires 

 

1. Pulse Width Modulation (PWM) 

• PWM is a way to control analog devices with a digital output. 
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• PWM is not true analog output, however. PWM generates an analog-like result by 

applying power in pulses, or short bursts of regulated voltage (sometimes in 

combination with low-pass filter) 

• The main parameters of PWM signals are: 

o Period (T) 

o Duty Cycle 

 
 

 

 

VDD 
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2. Reg-Green-Blue LED (RGB LED) 

• Inside an RGB (Red, Green, Blue) LED we can find one red, one green, and one blue 

LED, mounted together 

• Some RGB LEDs have common cathode (-) or common anode (+) while others have 

separated connections  

• The common pin is the longest of the four pins. 

• The common anode RGB LED is totally different than the common cathode RGB LED. 

The common anode RGB LED decodes in the opposite way 

• For the common anode (+), the common port should be connected to VDD while for 

common cathode (-) the common port should be connected to GND 

 

 

 

3. Adjust brightness of LEDs insight an RGB LED 

• The brightness of the LED can be controlled by the duty cycle of the PWM signal  

• The frequency of this PWM signal does not matter once it is above the rate where you 

see it flicker (>=60Hz). 

• The RPi.GPIO library has the ability to make the GPIO pins output a PWM signal, 

and the library can set both the frequency and duty cycle. 
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4. RGB color tester 

Create an RGB color tester project where the duty cycle of R, G, and B LEDs is continuously 

changing by 5%. Our RGB LEDs are common cathode and require >1mA! 

 

 

 

 

4.1. Build the circuit.  
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4.2. Import the GPIO library 

4.3. Initialize outputs and set up PWM property: 

GPIO.setmode(GPIO.BCM) 
GPIO.setup(9, GPIO.OUT)  # make pins into an output 
GPIO.setup(10, GPIO.OUT) 
GPIO.setup(11, GPIO.OUT) 

 
led_r = GPIO.PWM(10,60)  # set up outputs as PWM @60Hz 
led_g = GPIO.PWM(9,60) 
led_b = GPIO.PWM(11,60) 

led_r.start(0)      # start off the PWM 
led_g.start(0) 
led_b.start(0) 

  

4.4. Define embedded cycles where the duty cycle modification is 
happening: 

try: 

 while 1: 
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  print("Start cycle") 

  time.sleep(2.0) 

  for r in range(0,100,5): 

   led_r.ChangeDutyCycle(r) 

   for g in range(0,100,5): 

    led_g.ChangeDutyCycle(g) 

    for b in range(0,100,5): 

     led_b.ChangeDutyCycle(b) 

     time.sleep(0.1) 

  led_r.ChangeDutyCycle(0) 

  led_g.ChangeDutyCycle(0) 

  led_b.ChangeDutyCycle(0) 

except KeyboardInterrupt:  

 led_r.stop(0)    #stop the PWM 

 led_g.stop(0) 

 led_b.stop(0) 

 GPIO.cleanup()    # restore default GPIO state 

 

5. Piezzo buzzer 

• Piezo buzzer is a "component" with a material having piezoelectric ability.  

• Piezoelectricity is the ability for a material to produce voltage when it is become 

distorted. The reverse is also true: when you produce a voltage, the material is become 

distorted. When you stop producing a voltage, it gets back to its original shape.  

• If you're fast enough with this on/off voltage setting, then the piezo will start to 

oscillate, and will produce sound. 

• In order to get a tone a square wave needs to be applied usually in the range 20Hz to 

20kHz – the commonly stated range of human hearing is also 20Hz - 20kHz 

• Use PWM duty cycle to control the buzzer volume and the frequency to control the 

pitch of the tone.  
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5.1. Volume and peach setup.  
• Volume setup: When setting the duty cycle to 10%, the buzzer will get distorted 10% 

on the time, and remain inactive 90% on the time. The oscillation proportion is low. 

When setting the duty cycle to 50%, the buzzer is half distorted, half inactive. The 

oscillation proportion is high, because the buzzer oscillates at its maximal amplitude, 

it's half and equally distorted and inactive. So, to summarize, the purpose of the duty 

cycle is to adjust the volume. - you vary the volume of the sound by modifying the duty 

cycle. 0% will produce no sounds, 50% will be the max volume. (Between 50% and 

100% is the same as between 0% and 50%.) 

• Pitch setup if we would like to play a tune: 

 

 



Dr. József Sütő 

Department of IT Systems and Networks 
 

 

 

6. Happy-Birthday song 

Play the tone of the Happy-Birthday song on the buzzer. The frequencies and durations of 

notes can be seen in the table. 

 

6.1. Circuit: 
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6.2. Import necessary libraries 

6.3. Define frequency of notes: 
A = 440 

A1 = 466 

B = 494 

C = 262 

D = 294 

E = 330 

F = 349 

G = 392 

 

6.4. Define the tune (notes and their duration): 
tune_fr = [C, C, D, C, F, E, 

 C, C, D, C, G, F, 

 C, C, 2*C, A, G, E, 

 D, A1, A1, A, F, G, F] 

tune_dur = [0.5, 0.5, 1, 1, 1, 2, 

      0.5, 0.5, 1, 1, 1, 2, 

      0.5, 0.5, 1, 1, 1, 2, 3 

      0.5, 0.5, 1, 1, 1, 2] 

 

Duration (s) 

0.5 0.5 1 1 1 2 0.5 0.5 1 1 1 2  

0.5 0.5 1 1 1 2 3 0.5 0.5 1 1 1 2 
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6.5. Initialise GPIOs: 
def init_gpio(): 

 GPIO.setmode(GPIO.BCM) 

 GPIO.setwarnings(False) 

 GPIO.setup(17, GPIO.OUT) 

 piezzo = GPIO.PWM(17, A) 

 piezo.start(10)  

 return piezzo 

 

6.6. Play tune in the main function: 
def main(): 

 try: 

       piezzo = init_gpio() 

       for I in range(len(tune_fr)): 

             piezzo.ChangeFrequency(tune_fr[i]) 

             time.sleep(tune_dur[i]) 

                       print(tune_fr[i], “ Hz ”, tune_dur[i], “ s duration”) 

 except KeyboardInterrupt: 

       piezzo.stop(0) 

       GPIO.cleanup() 

if __name__ == “__main__”: 

 main() 
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7. Traffic light 

Create a traffic light project. The crossing has a three-light traffic control — red, yellow, and 

green. By a button we can change between normal and “out of order” modes (flashing yellow 

light). While the light is green a “beep” sound is heard. 

 

7.1. Import necessary libraries 

7.2. Define necessary variables and constants: 
red = 25 

yellow = 8 

green = 7 

button = 21 

buzzer = 15 

state = 1 

 

7.3. Write an beep() function which produces a 400Hz, 10% PWM signal 
until the duration parameter: 

def beep(duration): 

 piezzo = GPIO.PWM(buzzer, 400) 

 piezzo.start(10) 

 time.sleep(duration) 

 piezzo.stop(0) 

 

7.4. Write an init_gpio() function: 
def init_gpio(): 

 GPIO.setmode(GPIO.BCM) 

 GPIO.setwarnings(False) 

 GPIO.setup(red, GPIO.OUT) 
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 GPIO.setup(yellow, GPIO.OUT) 

 GPIO.setup(green, GPIO.OUT) 

 GPIO.setup(buzzer, GPIO.OUT) 

 GPIO.setup(button, GPIO. IN,  pull_up_down=GPIO.PUD_UP) 

7.5. Write a state maintenance function: 
def set_state(): 

 global state 

 if GPIO.input(button) == 0: 

  if state > 0: 

   state = 0 

  else: 

   state = 1 

 elif state == 4: 

  state = 1 

 elif state == 0: 

  state = 0 

 else: 

  state += 1 

 

7.6. Write 5 functions to the 5 states.  State0 is the “out of order state”. 
Other state functions have a duration parameter which determine how 
much time the state machine should spend in the state (see the figure 
below). 

def state0(): …   #out of order 

def state1(duration): …    #R state 

def state2(duration): …  #RY state 
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def state3(duration): …  #G state 

def state4(duration): …  #Y state 

 

7.7. Create a state machine in the main function: 
def main(): 

 try: 

       init_gpio() 

       while True: 

       if state == 0: 

        state0() 

  elif state == 1: 

        state1(4) 

  elif state == 2: 

        state2(1) 

  elif state == 3: 

        state3(3) 
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  else: 

        state4(1) 

  set_state() 

 except KeyboardInterrupt: 

  GPIO.cleanup() 

if __name__ == “__main__”: 

  main() 

 

7.7. Circuit: 
 

 

 

8. Knight-Rider light bar 

Re-creating the sliding red lights found on “KITT” from Knight Rider series. The light looks like 

as a comet in the night sky. This can all be done with PWM. 
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8.1. Circuit: 
 

 

 
 

8.2. Import libraries 

8.3. Define necessary variables and lists: 
 leds = [14, 15, 18, 23, 24, 25, 8, 7]  

 speed = 0.15 

 decay = 33.3 

 pwms = []  

 

8.4. Create an init_gpio() function: 
 def init_gpio(): 

  GPIO.setmode(GPIO.BCM) 

  GPIO.setwarnings(False)  #eliminate warning message 

  for i in range(len(leds)): 

         GPIO.setup(leds[i], GPIO.OUT) 

         pwms.append(GPIO.PWM(leds[i],60) 

GND, GPIO 14, GPIO 15, GPIO 18, GPIO 23, GPIO 24, GPIO 25, GPIO 8, GPIO 7 
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8.5. Main function which is moving the light beam from right to leaf and left 
to right continuously: 
 def main(): 

        try: 

   init_gpio() 

while True: 

          #forward path 

          for p in range(1, 8): 

     duty = 100 

     for i in range(p, -1, -1): 

            pwms[i].start(duty) 

            if duty >= decay: duty -= decay 

     time.sleep(speed) 

          #backward path 

          for p in range(6, -1, -1): 

          duty = 100 

     for i in range(p, 8): 

            pwms[i].start(duty) 

            if duty >= decay: duty -= decay 

     time.sleep(speed) 

 except KeyboardInterrupt: 

  pass 

 GPIO.cleanup() 

if __name__ == “__main__”: 

  main() 
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