
make a Pi5 specific RP1 chip compatible sketch example to 
enable an encoder through the GPIO pins. RPi.gpio library is 
incompatible, please use lgpio and GPIOZERO as backend and 
include all installation information plus the circuit. Pi5 using the 
latest 64 bit OS.

The Raspberry Pi 5 uses the RP1 chip for GPIO control, rendering the RPi.GPIO library 
incompatible. Below is a complete guide to creating a Python script for reading a rotary encoder 
using the lgpio  library as the backend for gpiozero  on a Raspberry Pi 5 running the latest 64-bit 
Raspberry Pi OS (Bookworm). This includes installation instructions, a circuit diagram, and a 
working example script.

1. Overview

A rotary encoder is a device that converts rotational movement into digital signals, typically 
outputting two signals (A and B) to determine direction and position. We’ll use the gpiozero  
library with lgpio  as the backend to handle GPIO interrupts for reading the encoder’s signals.

2. Prerequisites

Hardware:

Raspberry Pi 5 (8GB or 4GB model).

A rotary encoder (e.g., KY-040 or similar).

Breadboard and jumper wires.

Optional: Pull-up/pull-down resistors (if not using internal pull-ups).

Software:

Raspberry Pi OS 64-bit (Bookworm, latest version as of May 2025).

Python 3 (pre-installed with Raspberry Pi OS).

gpiozero  and lgpio  libraries.

3. Installation Instructions

The gpiozero  library is the recommended way to interact with GPIO on Raspberry Pi 5, using 
lgpio  as its backend for RP1 compatibility. Follow these steps to ensure the required libraries are 

installed and configured correctly.
Step 1: Update the System
Ensure your Raspberry Pi OS is up to date to avoid compatibility issues:

sudo apt update
sudo apt full-upgrade -y

bash

Step 2: Install gpiozero
gpiozero  is typically pre-installed on Raspberry Pi OS, but you can ensure the latest version is 

installed:

sudo apt install python3-gpiozero -y

bash

This installs gpiozero  version 2.0 or later, which supports the RP1 chip by default using lgpio .

Step 3: Install lgpio
The lgpio  library is the backend for gpiozero  on Raspberry Pi 5. Install it explicitly to ensure 
compatibility:

sudo apt install python3-lgpio -y

bash

This installs the python3-lgpio  package, which interfaces with /dev/gpiochip4  (the RP1’s GPIO 
controller).

Step 4: Verify Installation
Check that both libraries are installed:

pip3 list | grep -E 'gpiozero|lgpio'

bash

You should see output like:

gpiozero 2.0
lgpio    0.2.2.0

If lgpio  is missing or outdated, install it via pip:

pip3 install lgpio --break-system-packages

bash

Note: The --break-system-packages  flag may be required if pip refuses to install due to system 
package conflicts. Alternatively, use a virtual environment:

python3 -m venv env
source env/bin/activate
pip3 install lgpio

bash

Step 5: Grant GPIO Permissions
To access GPIO pins without sudo , add your user to the gpio  group:

sudo usermod -a -G gpio $USER

bash

Reboot to apply changes:

sudo reboot

bash

Step 6: Verify GPIO Access
Run the gpioinfo  command to confirm the RP1’s GPIO chip ( gpiochip4 ) is accessible:

gpioinfo | grep gpiochip4

bash

You should see details about gpiochip4 , which controls the 40-pin GPIO header on the Pi 5.

4. Circuit Diagram

A rotary encoder typically has at least three pins: A (CLK), B (DT), and GND. Some encoders (e.g., 
KY-040) also include a VCC pin and a SW (switch) pin for a push-button feature, but we’ll focus 
on the rotary signals.
Wiring

Encoder GND: Connect to a GND pin on the Raspberry Pi 5 (e.g., Pin 6).

Encoder A (CLK): Connect to GPIO 17 (Pin 11).

Encoder B (DT): Connect to GPIO 18 (Pin 12).

Encoder VCC (if present): Connect to 3.3V (Pin 1). Do NOT use 5V, as Pi 5 GPIO pins are 3.3V-
tolerant only.

Optional: If your encoder has a switch pin (SW), you can connect it to another GPIO (e.g., 
GPIO 27, Pin 13) for button detection, but this is not required for the encoder functionality.

Schematic

Raspberry Pi 5 GPIO       Rotary Encoder
----------------------------------------
Pin 1 (3.3V)      ---->  VCC (if needed)
Pin 6 (GND)       ---->  GND
Pin 11 (GPIO17)   ---->  CLK (A)
Pin 12 (GPIO18)   ---->  DT (B)

Notes
Most encoders have internal pull-up resistors, but if your encoder produces noisy signals, add 
external 10kΩ pull-up resistors between CLK/DT and 3.3V or enable internal pull-ups in 
software (as done in the script below).

Ensure secure connections to avoid floating pins, which can cause erratic readings.

5. Example Python Script

This script uses gpiozero  with lgpio  as the backend to read a rotary encoder. It detects rotation 
direction and increments/decrements a counter based on the encoder’s signals. The script uses 
interrupts to handle state changes efficiently.

#!/usr/bin/env python3
from gpiozero import DigitalInputDevice
from time import sleep

# Define GPIO pins for the encoder
CLK_PIN = 17  # GPIO17 (Pin 11)
DT_PIN = 18   # GPIO18 (Pin 12)

# Initialize counter
counter = 0

# Initialize GPIO pins with internal pull-up resistors
clk = DigitalInputDevice(CLK_PIN, pull_up=True)
dt = DigitalInputDevice(DT_PIN, pull_up=True)

# Store the last state of CLK
clk_last_state = clk.value

def encoder_callback():
    global counter, clk_last_state
    clk_current_state = clk.value
    dt_state = dt.value

    # Detect transition (CLK changes state)
    if clk_current_state != clk_last_state:
        # If DT state is different from CLK, it's a clockwise rotation
        if dt_state != clk_current_state:
            counter += 1
            print(f"Clockwise: Counter = {counter}")
        else:
            counter -= 1
            print(f"Counterclockwise: Counter = {counter}")
    
    clk_last_state = clk_current_state

# Attach interrupt to CLK pin (both edges: rising and falling)
clk.when_activated = encoder_callback
clk.when_deactivated = encoder_callback

# Keep the script running
try:
    print("Rotary Encoder Test - Rotate to change counter")
    while True:
        sleep(0.01)  # Small sleep to reduce CPU usage
except KeyboardInterrupt:
    print("\nExiting...")
finally:
    clk.close()
    dt.close()

python

How It Works
Initialization:

DigitalInputDevice  is used to read the CLK and DT pins with internal pull-up resistors 
enabled ( pull_up=True ) to stabilize signals.

The counter  variable tracks the encoder’s position.

clk_last_state  stores the previous state of the CLK pin to detect transitions.

Interrupt Handling:

The encoder_callback  function is triggered on both rising and falling edges of the CLK 
pin ( when_activated  and when_deactivated ).

It compares the current CLK state with the DT state to determine rotation direction:

If CLK and DT differ, it’s a clockwise rotation ( counter += 1 ).

If CLK and DT are the same, it’s a counterclockwise rotation ( counter -= 1 ).

Main Loop:

The script runs indefinitely, using a small sleep to reduce CPU load.

Press Ctrl+C  to exit cleanly, closing the GPIO pins.

Running the Script
Save the script as encoder.py .

Ensure the circuit is connected as described.

Run the script:

python3 encoder.py

bash

Rotate the encoder to see the counter increment or decrement in the terminal, indicating 
direction.

6. Troubleshooting

No Output or Erratic Behavior:

Double-check wiring, ensuring CLK and DT are connected to the correct GPIO pins.

Verify the encoder’s VCC is connected to 3.3V, not 5V, to avoid damaging the Pi.

If signals are noisy, add external 10kΩ pull-up resistors or check for loose connections.

“Cannot open gpiochip” Error:

Ensure lgpio  is installed and the user has GPIO permissions ( sudo usermod -a -G 
gpio $USER ).

Verify you’re using /dev/gpiochip4  (RP1’s GPIO chip). The script above uses gpiozero , 
which handles this automatically.

Library Issues:

If gpiozero  fails to detect lgpio , reinstall both libraries or use the --break-system-
packages  flag with pip.

Check for updates to gpiozero  and lgpio  via pip3 install --upgrade gpiozero 
lgpio --break-system-packages .

Performance:

If the encoder misses steps, reduce the sleep time in the script (e.g., sleep(0.001) ) or 
adjust the bouncetime  parameter in gpiozero  (not used here but available for buttons).

7. Additional Notes

Why lgpio  and gpiozero ?:

The RP1 chip on the Pi 5 uses /dev/gpiochip4  for GPIO, unlike older Pis that used 
/dev/gpiochip0 . lgpio  is designed to work with this new architecture, and gpiozero  

version 2.0+ defaults to lgpio  for Pi 5 compatibility.

gpiozero  provides a high-level, user-friendly API, while lgpio  handles low-level GPIO 
access, making them a robust combination.

Alternative Libraries:

If you need lower-level control, consider python3-libgpiod  (install with sudo apt 
install python3-libgpiod ), but it’s less documented and harder to use than 
gpiozero .

Avoid RPi.GPIO  as it’s incompatible with the Pi 5’s RP1 chip.

Expanding the Script:

Add a button (SW pin) to reset the counter using gpiozero.Button .

Implement PWM control (e.g., for a motor) using gpiozero.PWMOutputDevice  if the 
encoder controls a device.

Log the counter to a file or display it on an OLED screen via I2C.

8. References

gpiozero  documentation: https://gpiozero.readthedocs.io/[]
(https://github.com/gpiozero/gpiozero)

lgpio  library details: https://github.com/joan2937/lg[]
(https://github.com/eugenedakin/lgpio-GPIO)

Raspberry Pi 5 GPIO changes: 
https://www.raspberrypi.com/documentation/computers/raspberry-pi.html#gpio-and-the-
40-pin-header[](https://wiki.gentoo.org/wiki/Raspberry_Pi_Install_Guide/Raspberry_Pi_GPIO)

RP1 Peripherals datasheet: 
https://www.raspberrypi.com/documentation/computers/raspberry-pi.html#rp1-
peripherals[](https://wiki.gentoo.org/wiki/Raspberry_Pi_Install_Guide/Raspberry_Pi_GPIO)

This setup should provide a reliable, Pi 5-compatible solution for reading a rotary encoder. Let me 
know if you need help with specific modifications or additional features!
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no virtual environment no venv, rewrite the code

Below is a revised guide for reading a rotary encoder on a Raspberry Pi 5 using the lgpio  and 
gpiozero  libraries without using a virtual environment. The guide includes updated installation 

instructions, a simplified circuit diagram, and a rewritten Python script tailored for the Raspberry 
Pi 5 with the latest 64-bit Raspberry Pi OS (Bookworm). The script uses gpiozero  with lgpio  as 
the backend to handle the RP1 chip’s GPIO.

1. Overview

This guide provides a Python script to read a rotary encoder’s signals (CLK and DT) using GPIO 
pins on the Raspberry Pi 5. The gpiozero  library, with lgpio  as its backend, ensures 
compatibility with the RP1 chip. The script detects rotation direction and updates a counter, using 
interrupts for efficiency.

2. Prerequisites

Hardware:

Raspberry Pi 5 (4GB or 8GB model).

Rotary encoder (e.g., KY-040 or similar with CLK, DT, and GND pins; VCC optional).

Breadboard and jumper wires.

Optional: 10kΩ resistors for external pull-ups if needed.

Software:

Raspberry Pi OS 64-bit (Bookworm, latest as of May 2025).

Python 3 (pre-installed).

gpiozero  and lgpio  libraries.

3. Installation Instructions

Without a virtual environment, we’ll install gpiozero  and lgpio  system-wide. Follow these steps 
to set up the libraries on Raspberry Pi OS.

Step 1: Update the System
Ensure your system is up to date:

sudo apt update
sudo apt full-upgrade -y

bash

Step 2: Install gpiozero
Install or update gpiozero :

sudo apt install python3-gpiozero -y

bash

This ensures gpiozero  version 2.0 or later, which supports the Pi 5’s RP1 chip via lgpio .

Step 3: Install lgpio
Install the lgpio  library, the backend for gpiozero :

sudo apt install python3-lgpio -y

bash

If lgpio  is unavailable or outdated via apt , install it using pip :

sudo pip3 install lgpio

bash

Note: Using sudo  with pip3  installs lgpio  system-wide, avoiding permission issues. If you 
encounter a “cannot install” error due to system package conflicts, force the install:

sudo pip3 install lgpio --break-system-packages

bash

Step 4: Verify Installation
Check that both libraries are installed:

pip3 list | grep -E 'gpiozero|lgpio'

bash

Expected output (versions may vary):

gpiozero 2.0
lgpio    0.2.2.0

Step 5: Grant GPIO Permissions
Allow non-root access to GPIO pins:

sudo usermod -a -G gpio $USER

bash

Reboot to apply:

sudo reboot

bash

Step 6: Verify GPIO Access
Confirm the RP1’s GPIO chip ( gpiochip4 ) is accessible:

gpioinfo | grep gpiochip4

bash

You should see details about gpiochip4 , which controls the Pi 5’s 40-pin GPIO header.

4. Circuit Diagram

The rotary encoder connects to the Raspberry Pi 5’s GPIO pins. We’ll use GPIO17 and GPIO18 for 
the encoder’s CLK and DT signals.

Wiring
Encoder GND: Connect to GND (Pin 6).

Encoder A (CLK): Connect to GPIO17 (Pin 11).

Encoder B (DT): Connect to GPIO18 (Pin 12).

Encoder VCC (if present): Connect to 3.3V (Pin 1). Do NOT use 5V, as Pi 5 GPIO is 3.3V-
tolerant only.

Schematic

Raspberry Pi 5 GPIO       Rotary Encoder
----------------------------------------
Pin 1 (3.3V)      ---->  VCC (if needed)
Pin 6 (GND)       ---->  GND
Pin 11 (GPIO17)   ---->  CLK (A)
Pin 12 (GPIO18)   ---->  DT (B)

Notes
Internal pull-up resistors are enabled in the script to stabilize signals. If your encoder is noisy, 
add 10kΩ pull-up resistors between CLK/DT and 3.3V.

Ensure solid connections to prevent floating pins.

5. Rewritten Python Script

This script uses gpiozero  with lgpio  to read the rotary encoder. It detects rotation direction and 
updates a counter using interrupts on the CLK pin.

#!/usr/bin/env python3
from gpiozero import DigitalInputDevice
from time import sleep

# GPIO pins for encoder
CLK_PIN = 17  # GPIO17 (Pin 11)
DT_PIN = 18   # GPIO18 (Pin 12)

# Initialize counter
counter = 0

# Set up GPIO pins with internal pull-ups
clk = DigitalInputDevice(CLK_PIN, pull_up=True)
dt = DigitalInputDevice(DT_PIN, pull_up=True)

python

Grok 3

https://gpiozero.readthedocs.io/%5B%5D(https://github.com/gpiozero/gpiozero)
https://github.com/joan2937/lg%5B%5D(https://github.com/eugenedakin/lgpio-GPIO)
https://www.raspberrypi.com/documentation/computers/raspberry-pi.html#gpio-and-the-40-pin-header%5B%5D(https://wiki.gentoo.org/wiki/Raspberry_Pi_Install_Guide/Raspberry_Pi_GPIO)
https://www.raspberrypi.com/documentation/computers/raspberry-pi.html#rp1-peripherals%5B%5D(https://wiki.gentoo.org/wiki/Raspberry_Pi_Install_Guide/Raspberry_Pi_GPIO)


dt = DigitalInputDevice(DT_PIN, pull_up=True)

# Track last CLK state
last_clk = clk.value

def handle_rotation():
    global counter, last_clk
    current_clk = clk.value
    dt_state = dt.value

    # Detect CLK state change
    if current_clk != last_clk:
        # Clockwise: DT differs from CLK
        if dt_state != current_clk:
            counter += 1
            print(f"Clockwise: Counter = {counter}")
        # Counterclockwise: DT matches CLK
        else:
            counter -= 1
            print(f"Counterclockwise: Counter = {counter}")
    last_clk = current_clk

# Attach interrupts to CLK pin (rising and falling edges)
clk.when_activated = handle_rotation
clk.when_deactivated = handle_rotation

# Main loop
try:
    print("Rotary Encoder Test - Rotate to change counter")
    while True:
        sleep(0.01)  # Minimize CPU usage
except KeyboardInterrupt:
    print("\nExiting...")
finally:
    clk.close()
    dt.close()

How It Works
Setup:

DigitalInputDevice  configures GPIO17 (CLK) and GPIO18 (DT) with internal pull-up 
resistors.

counter  tracks encoder position; last_clk  stores the previous CLK state.

Interrupt Logic:

The handle_rotation  function triggers on CLK pin state changes (rising or falling edges).

It checks the DT pin’s state relative to CLK to determine rotation:

CLK ≠ DT: Clockwise ( counter += 1 ).

CLK = DT: Counterclockwise ( counter -= 1 ).

Execution:

The script runs indefinitely, printing the counter and direction.

A small sleep(0.01)  reduces CPU load.

Ctrl+C  exits cleanly, closing GPIO pins.

Running the Script
Save the script as encoder.py .

Connect the encoder as described.

Run the script:

python3 encoder.py

bash

Rotate the encoder to see the counter update in the terminal.

6. Troubleshooting

No Output:

Verify wiring: CLK to GPIO17 (Pin 11), DT to GPIO18 (Pin 12), GND to Pin 6, and VCC (if 
used) to 3.3V (Pin 1).

Check for loose connections or a faulty encoder.

Erratic Readings:

Add 10kΩ pull-up resistors between CLK/DT and 3.3V if internal pull-ups are insufficient.

Reduce sleep  time to 0.001  for faster response.

GPIO Access Errors:

Ensure the user is in the gpio  group ( sudo usermod -a -G gpio $USER ) and reboot.

Confirm lgpio  is installed ( sudo pip3 install lgpio --break-system-packages ).

Library Issues:

Reinstall gpiozero  and lgpio  if errors occur:

sudo apt install python3-gpiozero python3-lgpio -y

bash

Check gpiochip4  with gpioinfo .

7. Notes

Why gpiozero  and lgpio ?:

The RP1 chip uses /dev/gpiochip4  for GPIO, unlike /dev/gpiochip0  on older Pis. 
lgpio  supports this, and gpiozero  integrates it seamlessly.

RPi.GPIO  is incompatible with the Pi 5’s RP1 chip.

Enhancements:

Add a button (SW pin) using gpiozero.Button  for reset functionality.

Use gpiozero.PWMOutputDevice  for applications like motor control.

References:

gpiozero  docs: https://gpiozero.readthedocs.io/

lgpio  repo: https://github.com/joan2937/lg

Pi 5 GPIO: https://www.raspberrypi.com/documentation/computers/raspberry-
pi.html#gpio-and-the-40-pin-header

This script is streamlined for system-wide installation and Pi 5 compatibility. Let me know if you 
need further tweaks or additional features!

pip3 dont work on pi5, rewrite the code

Since pip3  may not work reliably for installing lgpio  on Raspberry Pi 5 with the latest 64-bit 
Raspberry Pi OS (Bookworm) due to system package restrictions or compatibility issues, we’ll rely 
solely on apt  for library installation to ensure compatibility with the RP1 chip. Below is a revised 
guide with installation instructions using only apt , a circuit diagram, and a rewritten Python script 
using gpiozero  with lgpio  as the backend to read a rotary encoder on a Raspberry Pi 5. The 
script is optimized for simplicity and compatibility with the RP1’s GPIO ( /dev/gpiochip4 ).

1. Overview

This guide provides a Python script to read a rotary encoder’s CLK and DT signals using GPIO pins 
on a Raspberry Pi 5. It uses gpiozero  with lgpio  as the backend, avoiding pip3  entirely by 
installing dependencies via apt . The script detects rotation direction and updates a counter 
using interrupts.

2. Prerequisites

Hardware:

Raspberry Pi 5 (4GB or 8GB).

Rotary encoder (e.g., KY-040 with CLK, DT, GND; VCC optional).

Breadboard and jumper wires.

Optional: 10kΩ resistors for external pull-ups if needed.

Software:

Raspberry Pi OS 64-bit (Bookworm, latest as of May 2025).

Python 3 (pre-installed).

gpiozero  and lgpio  libraries installed via apt .

3. Installation Instructions

We’ll use apt  to install python3-gpiozero  and python3-lgpio , which are included in the 
Raspberry Pi OS repositories and are compatible with the Pi 5’s RP1 chip.
Step 1: Update the System
Ensure the system is up to date:

sudo apt update
sudo apt full-upgrade -y

bash

Step 2: Install gpiozero
Install gpiozero , which supports the Pi 5’s RP1 chip via lgpio :

sudo apt install python3-gpiozero -y

bash

This installs gpiozero  version 2.0 or later, which defaults to lgpio  for Pi 5 GPIO access.

Step 3: Install lgpio
Install the lgpio  library, the backend for gpiozero :

sudo apt install python3-lgpio -y

bash

This ensures lgpio  is installed system-wide and configured for /dev/gpiochip4 , the RP1’s GPIO 
controller.

Step 4: Verify Installation
Confirm the libraries are installed:

dpkg -l | grep -E 'python3-gpiozero|python3-lgpio'

bash

Expected output (versions may vary):

ii  python3-gpiozero 2.0.0-1 arm64
ii  python3-lgpio    0.2.2-1 arm64

If either package is missing, reinstall using the apt  commands above.

Step 5: Grant GPIO Permissions
Allow non-root GPIO access:

sudo usermod -a -G gpio $USER

bash

Reboot to apply:

sudo reboot

bash

Step 6: Verify GPIO Access
Check that the RP1’s GPIO chip ( gpiochip4 ) is accessible:

gpioinfo | grep gpiochip4

bash

You should see details about gpiochip4 , which manages the Pi 5’s 40-pin GPIO header.

4. Circuit Diagram

The rotary encoder connects to the Raspberry Pi 5’s GPIO pins using GPIO17 and GPIO18 for CLK 
and DT signals.
Wiring

Encoder GND: Connect to GND (Pin 6).

Encoder A (CLK): Connect to GPIO17 (Pin 11).

Encoder B (DT): Connect to GPIO18 (Pin 12).

Encoder VCC (if present): Connect to 3.3V (Pin 1). Do NOT use 5V, as Pi 5 GPIO is 3.3V-
tolerant only.

Schematic

Raspberry Pi 5 GPIO       Rotary Encoder
----------------------------------------
Pin 1 (3.3V)      ---->  VCC (if needed)
Pin 6 (GND)       ---->  GND
Pin 11 (GPIO17)   ---->  CLK (A)
Pin 12 (GPIO18)   ---->  DT (B)

Notes
The script enables internal pull-up resistors to stabilize signals. If the encoder is noisy, add 
10kΩ pull-up resistors between CLK/DT and 3.3V.

Ensure secure connections to avoid floating pins.

5. Rewritten Python Script

This script uses gpiozero  with lgpio  to read the rotary encoder, detecting rotation direction and 
updating a counter via interrupts on the CLK pin.

#!/usr/bin/env python3
from gpiozero import DigitalInputDevice
from time import sleep

# Define GPIO pins
CLK_PIN = 17  # GPIO17 (Pin 11)
DT_PIN = 18   # GPIO18 (Pin 12)

# Initialize counter
counter = 0

# Configure GPIO pins with pull-up resistors
clk = DigitalInputDevice(CLK_PIN, pull_up=True)
dt = DigitalInputDevice(DT_PIN, pull_up=True)

# Store last CLK state
last_clk = clk.value

def on_rotation():
    global counter, last_clk
    current_clk = clk.value
    dt_state = dt.value

    # Check for CLK state change
    if current_clk != last_clk:
        if dt_state != current_clk:  # Clockwise
            counter += 1
            print(f"Clockwise: Counter = {counter}")
        else:  # Counterclockwise
            counter -= 1
            print(f"Counterclockwise: Counter = {counter}")
    last_clk = current_clk

# Set up interrupts for CLK (rising and falling edges)
clk.when_activated = on_rotation
clk.when_deactivated = on_rotation

# Main loop
try:
    print("Rotary Encoder Test - Rotate to change counter")
    while True:
        sleep(0.01)  # Reduce CPU usage
except KeyboardInterrupt:
    print("\nExiting...")
finally:
    clk.close()
    dt.close()

python

How It Works
Setup:

DigitalInputDevice  initializes GPIO17 (CLK) and GPIO18 (DT) with internal pull-up 
resistors ( pull_up=True ).

counter  tracks the encoder’s position; last_clk  stores the previous CLK state.

Interrupt Logic:

The on_rotation  function triggers on CLK pin state changes (rising or falling edges).

It compares CLK and DT states:

CLK ≠ DT: Clockwise ( counter += 1 ).

CLK = DT: Counterclockwise ( counter -= 1 ).

Execution:

The script runs indefinitely, printing the counter and direction.

A sleep(0.01)  minimizes CPU usage.

Ctrl+C  exits, closing GPIO pins.

Running the Script
Save the script as encoder.py .

Connect the encoder as described.

Run the script:

python3 encoder.py

bash

Rotate the encoder to see the counter update in the terminal.

6. Troubleshooting

No Output:

Verify wiring: CLK to GPIO17 (Pin 11), DT to GPIO18 (Pin 12), GND to Pin 6, VCC (if used) to 
3.3V (Pin 1).

Test the encoder for faults using a multimeter or another Pi.

Erratic Readings:

Add 10kΩ pull-up resistors between CLK/DT and 3.3V if internal pull-ups fail.

Decrease sleep  to 0.001  for faster response.

GPIO Access Errors:

Ensure the user is in the gpio  group ( sudo usermod -a -G gpio $USER ) and reboot.

Verify gpiochip4  with gpioinfo .

Library Issues:

Reinstall libraries if errors occur:

sudo apt install python3-gpiozero python3-lgpio -y

bash

If lgpio  is missing, check the repository ( sudo apt update ) and reinstall.

7. Notes

Why gpiozero  and lgpio ?:

The RP1 chip uses /dev/gpiochip4  for GPIO, unlike /dev/gpiochip0  on older Pis. 
lgpio  supports this, and gpiozero  integrates it for user-friendly GPIO access.

RPi.GPIO  is incompatible with the Pi 5’s RP1 chip.

Enhancements:

Add a button (SW pin) with gpiozero.Button  for reset functionality.

Use gpiozero.PWMOutputDevice  for applications like motor control.

References:

gpiozero  docs: https://gpiozero.readthedocs.io/

lgpio  info: https://github.com/joan2937/lg

Pi 5 GPIO: https://www.raspberrypi.com/documentation/computers/raspberry-
pi.html#gpio-and-the-40-pin-header

This guide avoids pip3  entirely, using apt  for all installations. Let me know if you need further 
modifications or additional functionality!

the encoder has also a SWITCH button, rewrite the code to 
include it

Below is a revised guide for reading a rotary encoder with a switch button (e.g., KY-040) on a 
Raspberry Pi 5 using the lgpio  and gpiozero  libraries, installed via apt  for compatibility with 
the RP1 chip and the latest 64-bit Raspberry Pi OS (Bookworm). The script includes the encoder’s 
CLK and DT signals for rotation detection and the SW (switch) pin for button functionality, 
resetting the counter when pressed. The guide covers installation, circuit setup, and a rewritten 
Python script.

1. Overview

This script uses gpiozero  with lgpio  as the backend to read a rotary encoder’s CLK and DT 
signals for rotation and the SW pin for button presses on a Raspberry Pi 5. The counter increments 
or decrements with rotation and resets to zero when the button is pressed. All dependencies are 
installed via apt , avoiding pip3 .

2. Prerequisites

Hardware:

Raspberry Pi 5 (4GB or 8GB).

Rotary encoder with switch (e.g., KY-040 with CLK, DT, SW, GND, and VCC pins).

Breadboard and jumper wires.

Optional: 10kΩ resistors for external pull-ups if needed.

Software:

Raspberry Pi OS 64-bit (Bookworm, latest as of May 2025).

Python 3 (pre-installed).

gpiozero  and lgpio  libraries installed via apt .

3. Installation Instructions

We’ll install python3-gpiozero  and python3-lgpio  using apt  for RP1 compatibility, ensuring no 
pip3  usage.

Step 1: Update the System
Update the system to avoid compatibility issues:

sudo apt update
sudo apt full-upgrade -y

bash

Step 2: Install gpiozero
Install gpiozero , which supports the Pi 5’s RP1 chip:

sudo apt install python3-gpiozero -y

bash

This provides gpiozero  version 2.0 or later, which uses lgpio  as the backend.

Step 3: Install lgpio
Install the lgpio  library:

sudo apt install python3-lgpio -y

bash

This ensures lgpio  is configured for /dev/gpiochip4 , the RP1’s GPIO controller.

Step 4: Verify Installation
Check that both libraries are installed:

dpkg -l | grep -E 'python3-gpiozero|python3-lgpio'

bash

Expected output (versions may vary):

ii  python3-gpiozero 2.0.0-1 arm64
ii  python3-lgpio    0.2.2-1 arm64

If missing, reinstall using the apt  commands above.

Step 5: Grant GPIO Permissions
Allow non-root GPIO access:

sudo usermod -a -G gpio $USER

bash

Reboot to apply:

sudo reboot

bash

Step 6: Verify GPIO Access
Confirm the RP1’s GPIO chip ( gpiochip4 ) is accessible:

gpioinfo | grep gpiochip4

bash

https://gpiozero.readthedocs.io/
https://github.com/joan2937/lg
https://www.raspberrypi.com/documentation/computers/raspberry-pi.html#gpio-and-the-40-pin-header
https://gpiozero.readthedocs.io/
https://github.com/joan2937/lg
https://www.raspberrypi.com/documentation/computers/raspberry-pi.html#gpio-and-the-40-pin-header


You should see details about gpiochip4 , which controls the 40-pin GPIO header.

4. Circuit Diagram

The rotary encoder with a switch (e.g., KY-040) has five pins: CLK, DT, SW, GND, and VCC. We’ll 
connect CLK and DT for rotation, SW for the button, and power/ground.

Wiring
Encoder GND: Connect to GND (Pin 6).

Encoder VCC: Connect to 3.3V (Pin 1). Do NOT use 5V, as Pi 5 GPIO is 3.3V-tolerant only.

Encoder A (CLK): Connect to GPIO17 (Pin 11).

Encoder B (DT): Connect to GPIO18 (Pin 12).

Encoder SW (Switch): Connect to GPIO27 (Pin 13).

Schematic

Raspberry Pi 5 GPIO       Rotary Encoder
----------------------------------------
Pin 1 (3.3V)      ---->  VCC
Pin 6 (GND)       ---->  GND
Pin 11 (GPIO17)   ---->  CLK (A)
Pin 12 (GPIO18)   ---->  DT (B)
Pin 13 (GPIO27)   ---->  SW (Switch)

Notes
The script uses internal pull-up resistors for CLK, DT, and SW to stabilize signals. If the 
encoder or button is noisy, add 10kΩ pull-up resistors between CLK/DT/SW and 3.3V.

Ensure secure connections to prevent floating pins.

5. Rewritten Python Script

This script reads the rotary encoder’s rotation (CLK and DT) and button (SW) using gpiozero  with 
lgpio . The counter updates with rotation and resets when the button is pressed.

#!/usr/bin/env python3
from gpiozero import DigitalInputDevice, Button
from time import sleep

# Define GPIO pins
CLK_PIN = 17  # GPIO17 (Pin 11)
DT_PIN = 18   # GPIO18 (Pin 12)
SW_PIN = 27   # GPIO27 (Pin 13, Switch)

# Initialize counter
counter = 0

# Configure GPIO pins with pull-up resistors
clk = DigitalInputDevice(CLK_PIN, pull_up=True)
dt = DigitalInputDevice(DT_PIN, pull_up=True)
sw = Button(SW_PIN, pull_up=True)  # Button for switch

# Store last CLK state
last_clk = clk.value

def on_rotation():
    global counter, last_clk
    current_clk = clk.value
    dt_state = dt.value

    # Check for CLK state change
    if current_clk != last_clk:
        if dt_state != current_clk:  # Clockwise
            counter += 1
            print(f"Clockwise: Counter = {counter}")
        else:  # Counterclockwise
            counter -= 1
            print(f"Counterclockwise: Counter = {counter}")
    last_clk = current_clk

def reset_counter():
    global counter
    counter = 0
    print("Button pressed: Counter reset to 0")

# Set up interrupts for CLK (rising and falling edges)
clk.when_activated = on_rotation
clk.when_deactivated = on_rotation

# Set up button press handler
sw.when_pressed = reset_counter

# Main loop
try:
    print("Rotary Encoder Test - Rotate to change counter, press button to reset")
    while True:
        sleep(0.01)  # Reduce CPU usage
except KeyboardInterrupt:
    print("\nExiting...")
finally:
    clk.close()
    dt.close()
    sw.close()

python

How It Works
Setup:

DigitalInputDevice  initializes GPIO17 (CLK) and GPIO18 (DT) with internal pull-up 
resistors.

Button  initializes GPIO27 (SW) with a pull-up for the switch.

counter  tracks encoder position; last_clk  stores the previous CLK state.

Rotation Logic:

The on_rotation  function triggers on CLK state changes (rising or falling edges).

It compares CLK and DT states:

CLK ≠ DT: Clockwise ( counter += 1 ).

CLK = DT: Counterclockwise ( counter -= 1 ).

Button Logic:

The reset_counter  function triggers when the SW pin is pressed, resetting counter  to 
0.

Execution:

The script runs indefinitely, printing rotation direction and counter value, or reset 
messages.

A sleep(0.01)  minimizes CPU usage.

Ctrl+C  exits, closing GPIO pins.

Running the Script
Save the script as encoder_with_button.py .

Connect the encoder as described.

Run the script:

python3 encoder_with_button.py

bash

Rotate the encoder to update the counter; press the button to reset it to 0.

6. Troubleshooting

No Output:

Verify wiring: CLK to GPIO17 (Pin 11), DT to GPIO18 (Pin 12), SW to GPIO27 (Pin 13), GND to 
Pin 6, VCC to 3.3V (Pin 1).

Test the encoder and button with a multimeter or another Pi.

Erratic Readings:

Add 10kΩ pull-up resistors between CLK/DT/SW and 3.3V if internal pull-ups are 
insufficient.

Reduce sleep  to 0.001  for faster response.

For button bounce, add bounce_time=0.1  to the Button  constructor: Button(SW_PIN, 
pull_up=True, bounce_time=0.1) .

GPIO Access Errors:

Ensure the user is in the gpio  group ( sudo usermod -a -G gpio $USER ) and reboot.

Verify gpiochip4  with gpioinfo .

Library Issues:

Reinstall libraries if errors occur:

sudo apt install python3-gpiozero python3-lgpio -y

bash

Check repository updates ( sudo apt update ).

7. Notes

Why gpiozero  and lgpio ?:

The RP1 chip uses /dev/gpiochip4  for GPIO, unlike /dev/gpiochip0  on older Pis. 
lgpio  supports this, and gpiozero  provides a user-friendly interface.

RPi.GPIO  is incompatible with the Pi 5’s RP1 chip.

Enhancements:

Add debouncing for the button if needed (see troubleshooting).

Use gpiozero.PWMOutputDevice  for applications like motor control based on the 
counter.

References:

gpiozero  docs: https://gpiozero.readthedocs.io/

lgpio  info: https://github.com/joan2937/lg

Pi 5 GPIO: https://www.raspberrypi.com/documentation/computers/raspberry-
pi.html#gpio-and-the-40-pin-header

This script includes the switch button functionality and relies solely on apt  for installation. Let me 
know if you need further tweaks or additional features!

add a GPIO pin output that goes to a LED after a 1k resistance. 
Rewrite the code so each time that the encoder is moved by one 
click or the button is pressed, the LED lights up for 0.5 sec. 
specify the GPIO for the LED pin

Below is a revised guide for reading a rotary encoder with a switch button (e.g., KY-040) on a 
Raspberry Pi 5, using gpiozero  with lgpio  as the backend, installed via apt  for compatibility 
with the RP1 chip and the latest 64-bit Raspberry Pi OS (Bookworm). The script includes the 
encoder’s CLK and DT signals for rotation, the SW pin for button presses, and an LED output pin 
that lights up for 0.5 seconds whenever the encoder moves one click (clockwise or 
counterclockwise) or the button is pressed. The LED is connected through a 1kΩ resistor to a 
specified GPIO pin. The guide covers installation, an updated circuit, and a rewritten Python 
script.

1. Overview

This script uses gpiozero  with lgpio  to read a rotary encoder’s rotation (CLK and DT), button 
(SW), and control an LED on GPIO22 (Pin 15). The counter updates with rotation, resets when the 
button is pressed, and the LED lights up for 0.5 seconds on each rotation click or button press. All 
dependencies are installed via apt .

2. Prerequisites

Hardware:

Raspberry Pi 5 (4GB or 8GB).

Rotary encoder with switch (e.g., KY-040 with CLK, DT, SW, GND, VCC).

LED (any color, e.g., red 3mm LED).

1kΩ resistor (for LED current limiting).

Breadboard and jumper wires.

Optional: 10kΩ resistors for external pull-ups if needed.

Software:

Raspberry Pi OS 64-bit (Bookworm, latest as of May 27, 2025).

Python 3 (pre-installed).

gpiozero  and lgpio  libraries installed via apt .

3. Installation Instructions

We’ll use apt  to install python3-gpiozero  and python3-lgpio  for RP1 compatibility, avoiding 
pip3 .

Step 1: Update the System
Update the system:

sudo apt update
sudo apt full-upgrade -y

bash

Step 2: Install gpiozero
Install gpiozero :

sudo apt install python3-gpiozero -y

bash

This provides gpiozero  version 2.0 or later, which uses lgpio  for Pi 5 GPIO.

Step 3: Install lgpio
Install lgpio :

sudo apt install python3-lgpio -y

bash

This configures lgpio  for /dev/gpiochip4 , the RP1’s GPIO controller.

Step 4: Verify Installation
Check installed libraries:

dpkg -l | grep -E 'python3-gpiozero|python3-lgpio'

bash

Expected output (versions may vary):

ii  python3-gpiozero 2.0.0-1 arm64
ii  python3-lgpio    0.2.2-1 arm64

If missing, reinstall using the apt  commands.

Step 5: Grant GPIO Permissions
Allow non-root GPIO access:

sudo usermod -a -G gpio $USER

bash

Reboot:

sudo reboot

bash

Step 6: Verify GPIO Access
Confirm the RP1’s GPIO chip ( gpiochip4 ):

gpioinfo | grep gpiochip4

bash

You should see details about gpiochip4 .

4. Circuit Diagram

The circuit includes the rotary encoder (CLK, DT, SW) and an LED connected to GPIO22 (Pin 15) 
through a 1kΩ resistor.

Wiring
Encoder GND: Connect to GND (Pin 6).

Encoder VCC: Connect to 3.3V (Pin 1). Do NOT use 5V, as Pi 5 GPIO is 3.3V-tolerant.

Encoder A (CLK): Connect to GPIO17 (Pin 11).

Encoder B (DT): Connect to GPIO18 (Pin 12).

Encoder SW (Switch): Connect to GPIO27 (Pin 13).

LED:

Anode (longer leg): Connect to GPIO22 (Pin 15) through a 1kΩ resistor.

Cathode (shorter leg): Connect to GND (Pin 14).

Schematic

Raspberry Pi 5 GPIO       Rotary Encoder / LED
--------------------------------------------
Pin 1 (3.3V)      ---->  Encoder VCC
Pin 6 (GND)       ---->  Encoder GND
Pin 11 (GPIO17)   ---->  Encoder CLK (A)
Pin 12 (GPIO18)   ---->  Encoder DT (B)
Pin 13 (GPIO27)   ---->  Encoder SW (Switch)
Pin 15 (GPIO22)   ---->  1kΩ Resistor ----> LED Anode
Pin 14 (GND)      ---->  LED Cathode

Notes
The 1kΩ resistor limits LED current to ~1-2mA at 3.3V, safe for most LEDs (e.g., red LED with 
~2V forward voltage).

Internal pull-up resistors are used for CLK, DT, and SW. If noisy, add 10kΩ pull-up resistors 
between CLK/DT/SW and 3.3V.

Ensure secure connections to avoid floating pins.

5. Rewritten Python Script

This script reads the encoder’s rotation (CLK and DT), button (SW), and controls an LED on 
GPIO22. The LED lights up for 0.5 seconds on each rotation click or button press.

#!/usr/bin/env python3
from gpiozero import DigitalInputDevice, Button, LED
from time import sleep

# Define GPIO pins
CLK_PIN = 17  # GPIO17 (Pin 11)
DT_PIN = 18   # GPIO18 (Pin 12)
SW_PIN = 27   # GPIO27 (Pin 13, Switch)
LED_PIN = 22  # GPIO22 (Pin 15, LED)

# Initialize counter
counter = 0

# Configure GPIO pins
clk = DigitalInputDevice(CLK_PIN, pull_up=True)
dt = DigitalInputDevice(DT_PIN, pull_up=True)
sw = Button(SW_PIN, pull_up=True)  # Button for switch
led = LED(LED_PIN)  # LED output

# Store last CLK state
last_clk = clk.value

def flash_led():
    """Turn LED on for 0.5 seconds"""
    led.on()
    sleep(0.5)
    led.off()

def on_rotation():
    global counter, last_clk
    current_clk = clk.value
    dt_state = dt.value

    # Check for CLK state change
    if current_clk != last_clk:
        if dt_state != current_clk:  # Clockwise
            counter += 1
            print(f"Clockwise: Counter = {counter}")
        else:  # Counterclockwise
            counter -= 1
            print(f"Counterclockwise: Counter = {counter}")
        flash_led()  # Flash LED on rotation
    last_clk = current_clk

def reset_counter():
    global counter
    counter = 0
    print("Button pressed: Counter reset to 0")
    flash_led()  # Flash LED on button press

# Set up interrupts for CLK (rising and falling edges)
clk.when_activated = on_rotation
clk.when_deactivated = on_rotation

# Set up button press handler
sw.when_pressed = reset_counter

# Main loop
try:
    print("Rotary Encoder Test - Rotate to change counter, press button to reset")
    while True:
        sleep(0.01)  # Reduce CPU usage
except KeyboardInterrupt:
    print("\nExiting...")
finally:
    clk.close()
    dt.close()
    sw.close()
    led.close()

python

How It Works
Setup:

DigitalInputDevice  initializes GPIO17 (CLK) and GPIO18 (DT) with pull-up resistors.

Button  initializes GPIO27 (SW) with a pull-up.

LED  initializes GPIO22 for output.

counter  tracks position; last_clk  stores the previous CLK state.

Rotation Logic:

The on_rotation  function triggers on CLK state changes (rising or falling edges).

CLK ≠ DT: Clockwise ( counter += 1 ); CLK = DT: Counterclockwise ( counter -= 1 ).

Calls flash_led()  to turn the LED on for 0.5 seconds.

Button Logic:

The reset_counter  function triggers on SW press, resetting counter  to 0 and calling 
flash_led() .

LED Control:

The flash_led  function turns the LED on, waits 0.5 seconds, then turns it off.

Execution:

Runs indefinitely, printing rotation or reset messages.

LED flashes for 0.5 seconds on each click or button press.

sleep(0.01)  minimizes CPU usage.

Ctrl+C  exits, closing GPIO pins.

Running the Script
Save as encoder_with_button_led.py .

Connect the encoder and LED as described.

Run:

python3 encoder_with_button_led.py

bash

Rotate the encoder or press the button to update the counter and flash the LED.

6. Troubleshooting

No Output:

Verify wiring: CLK to GPIO17 (Pin 11), DT to GPIO18 (Pin 12), SW to GPIO27 (Pin 13), LED 
anode to GPIO22 (Pin 15) via 1kΩ resistor, LED cathode to GND (Pin 14).

Ensure VCC is 3.3V (Pin 1), not 5V.

Test the encoder, button, and LED with a multimeter.

Erratic Readings:

Add 10kΩ pull-up resistors between CLK/DT/SW and 3.3V if noisy.

Reduce sleep  to 0.001  for faster response.

For button bounce, add bounce_time=0.1  to Button(SW_PIN, pull_up=True, 
bounce_time=0.1) .

LED Issues:

Check LED polarity (anode to resistor/GPIO22, cathode to GND).

Verify the 1kΩ resistor is in series with the LED.

Test with a different GPIO (e.g., GPIO23, Pin 16) by updating LED_PIN .

GPIO Access Errors:

Ensure user is in the gpio  group ( sudo usermod -a -G gpio $USER ) and reboot.

Verify gpiochip4  with gpioinfo .

Library Issues:

Reinstall:

sudo apt install python3-gpiozero python3-lgpio -y

bash

Update repositories ( sudo apt update ).

7. Notes

Why gpiozero  and lgpio ?:

The RP1 chip uses /dev/gpiochip4 , unlike /dev/gpiochip0  on older Pis. lgpio  
supports this, and gpiozero  provides a user-friendly API.

RPi.GPIO  is incompatible with the Pi 5’s RP1.

Enhancements:

https://gpiozero.readthedocs.io/
https://github.com/joan2937/lg
https://www.raspberrypi.com/documentation/computers/raspberry-pi.html#gpio-and-the-40-pin-header


Adjust LED flash duration by modifying sleep(0.5)  in flash_led .

Add PWM with gpiozero.PWMLED  for dimming effects.

References:

gpiozero  docs: https://gpiozero.readthedocs.io/

lgpio  info: https://github.com/joan2937/lg

Pi 5 GPIO: https://www.raspberrypi.com/documentation/computers/raspberry-
pi.html#gpio-and-the-40-pin-header

This script adds the LED on GPIO22 with a 1kΩ resistor, flashing for 0.5 seconds on rotation or 
button press, using only apt -installed libraries. Let me know if you need further modifications!

what if I had install a GPIOconverter like 
https://github.com/bobrathbone/GPIOconverter what would 
happen to the example provided

The GPIOconverter  package, developed by Bob Rathbone, is a shim designed to convert legacy 
RPi.GPIO  calls to python3-lgpio  calls, enabling code written for older Raspberry Pi models 

(using /dev/gpiochip0 ) to work on the Raspberry Pi 5, which uses the RP1 chip’s 
/dev/gpiochip4  for GPIO control. Since your provided example uses gpiozero  with lgpio  as 

the backend, which is already compatible with the Pi 5’s RP1 chip, integrating GPIOconverter  is 
unnecessary and could introduce complications. Below, I’ll explain the impact of installing 
GPIOconverter  on your example, provide installation details, and assess whether it affects the 

script’s functionality.

1. Overview of GPIOconverter

Purpose: GPIOconverter  allows programs written with RPi.GPIO  to run on Raspberry Pi 5 or 
Bookworm OS (32-bit or later) by translating RPi.GPIO  calls to lgpio  calls, avoiding the 
need to rewrite code for the RP1 chip.

Relevance: Your script uses gpiozero  with lgpio , which natively supports the Pi 5’s 
/dev/gpiochip4 . Thus, GPIOconverter  is not required, as gpiozero  already handles RP1 

compatibility.

Potential Impact: Installing GPIOconverter  would not directly affect your script unless you 
modify it to use RPi.GPIO -style calls, which could introduce unnecessary complexity or 
conflicts.

2. Installation of GPIOconverter

To understand the impact, let’s outline how to install GPIOconverter  as per the GitHub 
repository. This assumes you’re using Raspberry Pi OS 64-bit (Bookworm) on a Pi 5.
Step 1: Update the System

sudo apt update
sudo apt full-upgrade -y

bash

Step 2: Install python3-lgpio (Required Dependency)
GPIOconverter  requires python3-lgpio , which is already installed for your script:

sudo apt install python3-lgpio -y

bash

Step 3: Install GPIOconverter Package
Download and install the pre-built GPIOconverter  Debian package:

curl -L -O https://bobrathbone.com/raspberrypi/packages/gpioconverter_1.0_all.deb
sudo dpkg -i gpioconverter_1.0_all.deb

bash

This installs GPIOconverter  system-wide, placing a RPi/GPIO.py  module in 
/usr/lib/python3/dist-packages/RPi/  to intercept RPi.GPIO  calls and redirect them to 
lgpio .

Step 4: Verify Installation
Check that GPIOconverter  is installed:

dpkg -l | grep gpioconverter

bash

Expected output:

ii  gpioconverter 1.0 all

Alternative: Local Project Installation
If you only want GPIOconverter  for a specific project (e.g., /home/pi/myproject ), copy the 
GPIO.py  module:

mkdir /home/pi/myproject/RPi
cp /home/pi/GPIOconverter/RPi/GPIO.py /home/pi/myproject/RPi/

bash

This makes RPi.GPIO  calls in /home/pi/myproject  use GPIOconverter  without affecting the 
system.

Step 5: Grant GPIO Permissions
Ensure non-root GPIO access:

sudo usermod -a -G gpio $USER
sudo reboot

bash

Step 6: Verify GPIO Access
Confirm the RP1’s GPIO chip:

gpioinfo | grep gpiochip4

bash

3. Impact on Your Provided Script

Your script uses gpiozero  with lgpio  to control a rotary encoder (CLK on GPIO17, DT on GPIO18, 
SW on GPIO27) and an LED (GPIO22) with a 1kΩ resistor. Here’s how installing GPIOconverter  
affects it:

No Direct Effect:

Your script does not use RPi.GPIO  or import the RPi.GPIO  module. It relies on 
gpiozero ’s DigitalInputDevice , Button , and LED  classes, which internally use 
lgpio  for Pi 5 compatibility.

GPIOconverter  only intercepts RPi.GPIO  calls (e.g., GPIO.setup , GPIO.input , 
GPIO.output ). Since your script doesn’t make these calls, GPIOconverter  has no 

impact on its functionality.

Potential Conflicts if Modified:

If you rewrote the script to use RPi.GPIO -style calls (e.g., import RPi.GPIO as GPIO ), 
GPIOconverter  would translate these to lgpio  calls, allowing it to run on the Pi 5. 

However, this would require significant changes to your script, such as replacing 
gpiozero ’s event-driven when_activated / when_pressed  with RPi.GPIO ’s 
add_event_detect .

Mixing gpiozero  and RPi.GPIO  (via GPIOconverter ) in the same script could cause 
conflicts, as both libraries access /dev/gpiochip4 , potentially leading to resource 
contention or unexpected behavior.

Performance and Complexity:

GPIOconverter  adds a translation layer, which may introduce slight overhead compared 
to gpiozero ’s direct lgpio  access. For your script, this would be unnecessary since 
gpiozero  is already optimized for the Pi 5.

The script’s current design is simpler and more maintainable, using gpiozero ’s high-
level API for interrupts and LED control.

Testing with GPIOconverter:

If GPIOconverter  is installed system-wide, it creates a /usr/lib/python3/dist-
packages/RPi/GPIO.py  module. Importing RPi.GPIO  in a new script would use 
GPIOconverter ’s shim, but your existing script remains unaffected unless modified to 

import RPi.GPIO .

You could test GPIOconverter  compatibility by rewriting the script to use RPi.GPIO , but 
this is not recommended due to the reasons below.

4. Why Avoid GPIOconverter for Your Script?

Native Compatibility: Your script uses gpiozero , which is designed for the Pi 5’s RP1 chip 
and directly interfaces with lgpio . GPIOconverter  is intended for legacy RPi.GPIO  code, 
which your script doesn’t use.

Simplicity: gpiozero  provides a high-level, event-driven API (e.g., when_activated , 
when_pressed ) that simplifies handling interrupts and outputs compared to RPi.GPIO ’s 

lower-level approach, even with GPIOconverter .

Reliability: GPIOconverter  is a third-party shim with no warranties and limited support. 
While it’s tested with rotary encoders like the KY-040, gpiozero  is officially supported and 
widely used, reducing the risk of issues.

No Need for Conversion: Since your script is already Pi 5-compatible, adding 
GPIOconverter  introduces unnecessary complexity without benefits.

5. Rewritten Script (Unchanged)

Since GPIOconverter  does not affect your script (as it doesn’t use RPi.GPIO ), the provided 
script remains optimal and unchanged. For completeness, I’ll confirm the script’s functionality 
with the LED, button, and encoder, ensuring it aligns with your requirements (LED on GPIO22 
flashing for 0.5 seconds on each rotation click or button press). The circuit and installation 
instructions remain the same, as GPIOconverter  doesn’t alter them unless you switch to 
RPi.GPIO .

#!/usr/bin/env python3
from gpiozero import DigitalInputDevice, Button, LED
from time import sleep

# Define GPIO pins
CLK_PIN = 17  # GPIO17 (Pin 11)
DT_PIN = 18   # GPIO18 (Pin 12)
SW_PIN = 27   # GPIO27 (Pin 13, Switch)
LED_PIN = 22  # GPIO22 (Pin 15, LED)

# Initialize counter
counter = 0

# Configure GPIO pins
clk = DigitalInputDevice(CLK_PIN, pull_up=True)
dt = DigitalInputDevice(DT_PIN, pull_up=True)
sw = Button(SW_PIN, pull_up=True)  # Button for switch
led = LED(LED_PIN)  # LED output

# Store last CLK state
last_clk = clk.value

def flash_led():
    """Turn LED on for 0.5 seconds"""
    led.on()
    sleep(0.5)
    led.off()

def on_rotation():
    global counter, last_clk
    current_clk = clk.value
    dt_state = dt.value

    # Check for CLK state change
    if current_clk != last_clk:
        if dt_state != current_clk:  # Clockwise
            counter += 1
            print(f"Clockwise: Counter = {counter}")
        else:  # Counterclockwise
            counter -= 1
            print(f"Counterclockwise: Counter = {counter}")
        flash_led()  # Flash LED on rotation
    last_clk = current_clk

def reset_counter():
    global counter
    counter = 0
    print("Button pressed: Counter reset to 0")
    flash_led()  # Flash LED on button press

# Set up interrupts for CLK (rising and falling edges)
clk.when_activated = on_rotation
clk.when_deactivated = on_rotation

# Set up button press handler
sw.when_pressed = reset_counter

# Main loop
try:
    print("Rotary Encoder Test - Rotate to change counter, press button to reset")
    while True:
        sleep(0.01)  # Reduce CPU usage
except KeyboardInterrupt:
    print("\nExiting...")
finally:
    clk.close()
    dt.close()
    sw.close()
    led.close()

python

Circuit Reminder
Encoder: CLK to GPIO17 (Pin 11), DT to GPIO18 (Pin 12), SW to GPIO27 (Pin 13), VCC to 3.3V 
(Pin 1), GND to Pin 6.

LED: Anode to GPIO22 (Pin 15) via 1kΩ resistor, cathode to GND (Pin 14).

Notes: Use 3.3V, not 5V, for VCC. Add 10kΩ pull-up resistors if signals are noisy.

Running the Script
Save as encoder_with_button_led.py .

Connect the encoder and LED.

Run:

python3 encoder_with_button_led.py

bash

Rotate the encoder or press the button to update the counter and flash the LED for 0.5 
seconds.

6. Hypothetical: Rewriting with GPIOconverter

To illustrate the impact of GPIOconverter , here’s a brief example of how your script could be 
rewritten using RPi.GPIO -style calls, which GPIOconverter  would translate to lgpio . This is 
not recommended for your use case but is provided for clarity:

#!/usr/bin/env python3
import RPi.GPIO as GPIO
from time import sleep

# Define GPIO pins
CLK_PIN = 17
DT_PIN = 18
SW_PIN = 27
LED_PIN = 22

# Initialize counter
counter = 0
last_clk = None

def flash_led():
    GPIO.output(LED_PIN, GPIO.HIGH)
    sleep(0.5)
    GPIO.output(LED_PIN, GPIO.LOW)

def on_rotation(channel):
    global counter, last_clk
    current_clk = GPIO.input(CLK_PIN)
    dt_state = GPIO.input(DT_PIN)
    if current_clk != last_clk and last_clk is not None:
        if dt_state != current_clk:
            counter += 1
            print(f"Clockwise: Counter = {counter}")
        else:
            counter -= 1
            print(f"Counterclockwise: Counter = {counter}")
        flash_led()
    last_clk = current_clk

def reset_counter(channel):
    global counter
    counter = 0
    print("Button pressed: Counter reset to 0")
    flash_led()

# Setup GPIO
GPIO.setmode(GPIO.BCM)
GPIO.setup(CLK_PIN, GPIO.IN, pull_up_down=GPIO.PUD_UP)
GPIO.setup(DT_PIN, GPIO.IN, pull_up_down=GPIO.PUD_UP)
GPIO.setup(SW_PIN, GPIO.IN, pull_up_down=GPIO.PUD_UP)
GPIO.setup(LED_PIN, GPIO.OUT, initial=GPIO.LOW)

# Add event detection
GPIO.add_event_detect(CLK_PIN, GPIO.BOTH, callback=on_rotation, bouncetime=2)
GPIO.add_event_detect(SW_PIN, GPIO.FALLING, callback=reset_counter, bouncetime=200)

# Main loop
try:
    print("Rotary Encoder Test - Rotate to change counter, press button to reset")
    last_clk = GPIO.input(CLK_PIN)
    while True:
        sleep(0.01)
except KeyboardInterrupt:
    print("\nExiting...")
finally:
    GPIO.cleanup()

python

Impact of GPIOconverter on This Version
Functionality: With GPIOconverter  installed, this script would work on the Pi 5 by 
translating RPi.GPIO  calls (e.g., GPIO.setup , GPIO.input , GPIO.output ) to lgpio  calls, 
accessing /dev/gpiochip4 .

Drawbacks:

Complexity: The RPi.GPIO  version requires manual interrupt handling and bounce 
management, which gpiozero  simplifies.

Performance: GPIOconverter  adds a translation layer, potentially introducing slight 
latency.

Stability: GPIOconverter  is provided “as is” with limited support, and edge cases (e.g., 
interrupt timing) may not be fully tested.

Bouncetime: The bouncetime=2  for the encoder may need tuning, as RPi.GPIO ’s 
debouncing is less robust than gpiozero ’s event system.

Since your original script is already optimized, switching to this RPi.GPIO -based version with 
GPIOconverter  would be a step backward in terms of simplicity and reliability.

7. Troubleshooting with GPIOconverter

If you install GPIOconverter  and experiment with RPi.GPIO :

Conflicts: Ensure no other script uses gpiozero  and RPi.GPIO  simultaneously on the same 
pins, as both access /dev/gpiochip4 , risking resource conflicts.

Errors: If GPIOconverter  fails (e.g., “GPIO not found”), verify python3-lgpio  is installed 
( sudo apt install python3-lgpio -y ) and check the RPi/GPIO.py  module in 
/usr/lib/python3/dist-packages/RPi/ .

Testing: Run GPIOconverter ’s test_pwm.py  in your project directory to confirm 
functionality:

cp /home/pi/GPIOconverter/RPi/test_pwm.py .
python3 test_pwm.py

bash

Issues: Report problems to the GPIOconverter  GitHub repository, but note limited support.

For your current script:

No Changes Needed: Verify wiring (CLK: GPIO17, DT: GPIO18, SW: GPIO27, LED: GPIO22 via 
1kΩ, GND: Pin 14, VCC: 3.3V Pin 1).

Noise: Add 10kΩ pull-up resistors if signals are erratic.

Button Bounce: Add bounce_time=0.1  to Button(SW_PIN, pull_up=True, 
bounce_time=0.1)  if needed.

Library Issues: Reinstall gpiozero  and lgpio :

sudo apt install python3-gpiozero python3-lgpio -y

bash

8. Conclusion

Impact of GPIOconverter: Installing GPIOconverter  has no effect on your gpiozero -based 
script, as it doesn’t use RPi.GPIO . It remains fully functional with the encoder (rotation and 
button) and LED flashing for 0.5 seconds on each event.

Recommendation: Keep the original script, as it’s optimized for the Pi 5’s RP1 chip using 
gpiozero  and lgpio . Using GPIOconverter  would only be relevant if you needed to run 

legacy RPi.GPIO  code, which isn’t the case here.

References:

GPIOconverter  GitHub: https://github.com/bobrathbone/GPIOconverter[]
(https://github.com/bobrathbone/GPIOconverter)

GPIOconverter  Details: https://bobrathbone.com/raspberrypi/pi_programming.html[]
(https://bobrathbone.com/raspberrypi/gpio_converter.html)

gpiozero  Docs: https://gpiozero.readthedocs.io/

lgpio  Info: https://github.com/joan2937/lg

Pi 5 GPIO: https://www.raspberrypi.com/documentation/computers/raspberry-
pi.html#gpio-and-the-40-pin-header

If you want to experiment with GPIOconverter  or need a modified script using it, let me know, but 
the current gpiozero  script is the best approach for your setup.

15 web pages

how do exit the script

To exit the provided Python script ( encoder_with_button_led.py ), which runs on a Raspberry Pi 
5 and uses gpiozero  to read a rotary encoder and control an LED, you can stop its execution in 
one of two ways, as the script runs in an infinite loop with a try / except  block to handle 
interruptions. Below are the methods to exit the script cleanly, ensuring GPIO resources are 
released properly.

Methods to Exit the Script

Keyboard Interrupt (Ctrl+C):

How: While the script is running in the terminal (after executing python3 
encoder_with_button_led.py ), press Ctrl+C  on your keyboard.

What Happens:

The script catches the KeyboardInterrupt  exception in the try / except  block.

It prints \nExiting...  to the terminal.

The finally  block executes, calling clk.close() , dt.close() , sw.close() , and 
led.close()  to release GPIO resources (pins 17, 18, 27, and 22).

The script terminates cleanly.

Example Terminal Output:

Rotary Encoder Test - Rotate to change counter, press button to reset
Clockwise: Counter = 1
Counterclockwise: Counter = 0
Button pressed: Counter reset to 0
^C
Exiting...

Send a SIGTERM Signal (Kill the Process):

How: If the script is running in the terminal and Ctrl+C  is unresponsive (rare), or if it’s 
running in the background, find the process ID (PID) and terminate it.

Find the PID:

ps aux | grep python3

bash

Look for the line with python3 encoder_with_button_led.py . Note the PID (e.g., 
1234 ).

Kill the process:

kill -SIGTERM 1234

bash

What Happens:

The SIGTERM  signal triggers the KeyboardInterrupt  exception or a similar cleanup 
process.

The finally  block runs, closing GPIO pins as above.

The script exits cleanly.

Note: Avoid using kill -9  (SIGKILL), as it may not allow the finally  block to execute, 
potentially leaving GPIO pins in an undefined state.

Additional Notes

Clean Exit: The script’s finally  block ensures GPIO pins are released, preventing resource 
conflicts in future runs. Always exit using Ctrl+C  or SIGTERM  to trigger this cleanup.

If Unresponsive:

If Ctrl+C  doesn’t work (e.g., due to terminal issues), use the kill  method.

If running in a background process (e.g., python3 encoder_with_button_led.py & ), use 
fg  to bring it to the foreground, then press Ctrl+C .

Restarting: After exiting, you can rerun the script with:

python3 encoder_with_button_led.py

bash

Ensure the circuit (encoder on GPIO17, 18, 27; LED on GPIO22 via 1kΩ resistor) is still 
connected.

Troubleshooting:

If GPIO pins don’t release (e.g., LED stays on), reboot the Pi:

https://gpiozero.readthedocs.io/
https://github.com/joan2937/lg
https://www.raspberrypi.com/documentation/computers/raspberry-pi.html#gpio-and-the-40-pin-header
https://github.com/bobrathbone/GPIOconverter%5B%5D(https://github.com/bobrathbone/GPIOconverter)
https://bobrathbone.com/raspberrypi/pi_programming.html%5B%5D(https://bobrathbone.com/raspberrypi/gpio_converter.html)
https://gpiozero.readthedocs.io/
https://github.com/joan2937/lg
https://www.raspberrypi.com/documentation/computers/raspberry-pi.html#gpio-and-the-40-pin-header


sudo reboot

bash

Verify GPIO access ( gpioinfo | grep gpiochip4 ) and permissions ( groups | grep 
gpio ).

Reinstall libraries if needed:

sudo apt install python3-gpiozero python3-lgpio -y

bash

Impact of GPIOconverter (From Your Previous Question)

You asked about GPIOconverter  (https://github.com/bobrathbone/GPIOconverter). Since the 
provided script uses gpiozero  with lgpio  and not RPi.GPIO , GPIOconverter  has no effect on 
exiting the script. The exit methods ( Ctrl+C  or SIGTERM ) work the same way, as GPIOconverter  
only affects scripts importing RPi.GPIO . The cleanup process ( finally  block) remains 
unchanged.

If you were using a hypothetical RPi.GPIO -based script with GPIOconverter , exiting would still 
involve Ctrl+C  or SIGTERM , and the GPIO.cleanup()  function (translated to lgpio  by 
GPIOconverter ) would release pins, similar to gpiozero ’s .close()  methods.

Conclusion

To exit the script, press Ctrl+C  in the terminal for a clean exit, which triggers the finally  block 
to release GPIO pins. Alternatively, use kill -SIGTERM <PID>  if needed. The script’s design 
ensures proper cleanup, and GPIOconverter  has no impact unless you rewrite it to use 
RPi.GPIO . Let me know if you need help with other script modifications or exit-related issues!

write a new code to include midi in and out that goes to gpio rx 
and tx pins, draw a hierarchy tree in a new directory called 
Europi, separate the code in parts. One .py for Midi gpio, 
another for Encoder test, another encoder as Midi controller, set 
to send a root C3 midi note when button is pressed to Midi 
input, that can be read systemwide from any DAW opened in Pi 
OS, no need to specify which DAW. the script must contain a 
GPIO reserved for a physical ON-OFF switch, that tell the script 
to change the Encoder Midi mode on or off. Rotating the 
encoder will increase the midi note or decrease it in 
counterclock, and remain on that note. The button press will 
trigger the Midi note with maximum velocity=127, and send a 
note OFF when the button is released. When the extra Switch, 
called SW2, is on OFF position, the encoder will switch to 
KEYBOARD MODE. In KEYBOARD MODE the encoder will work 
as the left and right arrow of the numpad. Each click one press 
of the Keyboard arrows. Button press=ENTER.

Below is a comprehensive guide to implement your requirements on a Raspberry Pi 5 running the 
latest 64-bit Raspberry Pi OS (Bookworm). The project includes MIDI input/output via GPIO UART 
pins (TXD0 and RXD0), a rotary encoder with a switch, an LED, and an additional ON-OFF switch 
(SW2) to toggle between MIDI MODE and KEYBOARD MODE. The script is modular, organized in a 
Europi  directory with separate Python files for MIDI handling, encoder testing, and encoder 

MIDI/keyboard control. The encoder controls MIDI notes (starting at C3, note 48) in MIDI MODE or 
simulates keyboard arrow keys in KEYBOARD MODE, with the button triggering MIDI note-on/off 
or Enter key presses.

1. Project Structure

The code is split into three Python files in a Europi  directory:

midi_gpio.py : Configures MIDI input/output via GPIO UART pins (GPIO14/TXD0, 
GPIO15/RXD0).

encoder_test.py : Tests the rotary encoder, button, LED, and SW2 switch independently.

encoder_midi_controller.py : Implements MIDI MODE (encoder adjusts MIDI note, button 
sends note-on/off) and KEYBOARD MODE (encoder sends left/right arrow key presses, 
button sends Enter).

Hierarchy Tree

Europi/
├── midi_gpio.py
├── encoder_test.py
├── encoder_midi_controller.py

Create Directory
Create the Europi  directory and files:

mkdir Europi
cd Europi
touch midi_gpio.py encoder_test.py encoder_midi_controller.py

bash

2. Prerequisites

Hardware:

Raspberry Pi 5 (4GB or 8GB).

Rotary encoder with switch (e.g., KY-040: CLK, DT, SW, GND, VCC).

LED with 1kΩ resistor.

ON-OFF switch (SPST, for SW2).

MIDI interface circuit for GPIO14 (TXD0, Pin 8) and GPIO15 (RXD0, Pin 10).

Breadboard and jumper wires.

Optional: 10kΩ resistors for pull-ups if needed.

Software:

Raspberry Pi OS 64-bit (Bookworm, latest as of May 27, 2025).

Python 3 (pre-installed).

Libraries: python3-gpiozero , python3-lgpio , python3-rtmidi , python3-
pykeyboard .

MIDI Interface:

MIDI OUT: Connects GPIO14 (TXD0) to a MIDI DIN connector via a 220Ω resistor and 
optocoupler (e.g., 6N138 or PC900) per MIDI specifications.

MIDI IN: Connects GPIO15 (RXD0) to a MIDI DIN connector with an optocoupler for 
isolation.

The MIDI OUT signal (C3 note-on/off) is system-wide, readable by any DAW (e.g., Ardour, 
Reaper) via ALSA MIDI.

3. Installation Instructions

All libraries are installed via apt  for compatibility with the Pi 5’s RP1 chip ( /dev/gpiochip4 ).
Step 1: Update the System

sudo apt update
sudo apt full-upgrade -y

bash

Step 2: Install Required Libraries
Install gpiozero  and lgpio  for GPIO control:

sudo apt install python3-gpiozero python3-lgpio -y

bash

Install python-rtmidi  for MIDI handling:

sudo apt install python3-rtmidi -y

bash

Install python3-pykeyboard  for keyboard simulation (KEYBOARD MODE):

sudo apt install python3-pykeyboard -y

bash

Step 3: Verify Installation
Check installed packages:

dpkg -l | grep -E 'python3-gpiozero|python3-lgpio|python3-rtmidi|python3-pykeyboard'

bash

Expected output (versions may vary):

ii  python3-gpiozero 2.0.0-1 arm64
ii  python3-lgpio    0.2.2-1 arm64
ii  python3-rtmidi   1.4.9-1 arm64
ii  python3-pykeyboard 0.1.7-1 arm64

Step 4: Grant Permissions
GPIO access:

sudo usermod -a -G gpio $USER

bash

Serial port access (for MIDI UART):

sudo usermod -a -G dialout $USER

bash

Reboot:

sudo reboot

bash

Step 5: Enable UART
Enable the UART for MIDI on GPIO14 (TXD0) and GPIO15 (RXD0):

Edit /boot/firmware/config.txt :

sudo nano /boot/firmware/config.txt

bash

Add or modify:

enable_uart=1
dtoverlay=uart0

Save ( Ctrl+O , Enter , Ctrl+X ) and reboot:

sudo reboot

bash

Verify UART:

ls /dev/ttyAMA*

bash

Expected: /dev/ttyAMA0  (used for MIDI).

Step 6: Verify GPIO
Confirm RP1’s GPIO chip:

gpioinfo | grep gpiochip4

bash

4. Circuit Diagram

The circuit includes the rotary encoder, LED, ON-OFF switch (SW2), and MIDI UART connections.

Wiring
Encoder:

GND: Pin 6 (GND).

VCC: Pin 1 (3.3V, not 5V).

CLK: GPIO17 (Pin 11).

DT: GPIO18 (Pin 12).

SW: GPIO27 (Pin 13).

LED:

Anode: GPIO22 (Pin 15) via 1kΩ resistor.

Cathode: Pin 14 (GND).

SW2 (ON-OFF Switch):

One terminal: GPIO23 (Pin 16).

Other terminal: Pin 20 (GND).

MIDI OUT:

GPIO14 (TXD0, Pin 8) to MIDI DIN pin 5 via 220Ω resistor and optocoupler (e.g., 6N138).

MIDI DIN pin 2 to GND (Pin 9).

Follow MIDI electrical specs: https://midi.org/specs

MIDI IN:

GPIO15 (RXD0, Pin 10) to MIDI DIN via optocoupler.

MIDI DIN pin 2 to GND (Pin 9).

Schematic

Raspberry Pi 5 GPIO       Component
--------------------------------------
Pin 1 (3.3V)      ---->  Encoder VCC
Pin 6 (GND)       ---->  Encoder GND
Pin 11 (GPIO17)   ---->  Encoder CLK
Pin 12 (GPIO18)   ---->  Encoder DT
Pin 13 (GPIO27)   ---->  Encoder SW
Pin 15 (GPIO22)   ---->  1kΩ Resistor ----> LED Anode
Pin 14 (GND)      ---->  LED Cathode
Pin 16 (GPIO23)   ---->  SW2 (ON-OFF Switch)
Pin 20 (GND)      ---->  SW2 Other Terminal
Pin 8 (GPIO14/TXD0) ----> MIDI OUT (via 220Ω + optocoupler)
Pin 10 (GPIO15/RXD0) ----> MIDI IN (via optocoupler)
Pin 9 (GND)       ---->  MIDI DIN Pin 2

Notes
Use 3.3V for encoder VCC to avoid damaging GPIO.

Add 10kΩ pull-up resistors for CLK/DT/SW/SW2 if noisy.

MIDI circuits require optocouplers for isolation (see MIDI specs).

SW2 is ON (MIDI MODE) when GPIO23 is LOW (connected to GND), OFF (KEYBOARD MODE) 
when HIGH (open or pulled up).

5. Code

midi_gpio.py
Handles MIDI input/output via UART ( /dev/ttyAMA0 ).

#!/usr/bin/env python3
import rtmidi
import serial
import time

class MidiGPIO:
    def __init__(self):
        # Initialize MIDI output (virtual port for system-wide DAW access)
        self.midi_out = rtmidi.MidiOut()
        self.midi_out.open_virtual_port("Europi MIDI Out")
        
        # Initialize UART for MIDI (GPIO14/TXD0, GPIO15/RXD0)
        self.serial = serial.Serial(
            port="/dev/ttyAMA0",
            baudrate=31250,  # MIDI baud rate
            bytesize=serial.EIGHTBITS,
            parity=serial.PARITY_NONE,
            stopbits=serial.STOPBITS_ONE
        )
        
        # Initialize MIDI input
        self.midi_in = rtmidi.MidiIn()
        self.midi_in.open_virtual_port("Europi MIDI In")
        self.midi_in.set_callback(self.midi_callback)

    def midi_callback(self, message, data):
        """Handle incoming MIDI messages (for debugging)"""
        msg, _ = message
        print(f"Received MIDI: {msg}")

    def send_midi_note_on(self, note, velocity=127, channel=0):
        """Send MIDI Note On message"""
        note_on = [0x90 + channel, note, velocity]
        self.midi_out.send_message(note_on)
        self.serial.write(bytes(note_on))

    def send_midi_note_off(self, note, channel=0):
        """Send MIDI Note Off message"""
        note_off = [0x80 + channel, note, 0]
        self.midi_out.send_message(note_off)
        self.serial.write(bytes(note_off))

    def close(self):
        """Close MIDI and serial ports"""
        self.midi_out.close_port()
        self.midi_in.close_port()
        self.serial.close()

if __name__ == "__main__":
    midi = MidiGPIO()
    try:
        print("MIDI GPIO Test - Sending C3 note")
        midi.send_midi_note_on(48)  # C3
        time.sleep(0.5)
        midi.send_midi_note_off(48)
        time.sleep(1)
    except KeyboardInterrupt:
        print("\nExiting...")
    finally:
        midi.close()

python

encoder_test.py
Tests the encoder, button, LED, and SW2 independently.

#!/usr/bin/env python3
from gpiozero import DigitalInputDevice, Button, LED
from time import sleep

# GPIO pins
CLK_PIN = 17  # Encoder CLK
DT_PIN = 18   # Encoder DT
SW_PIN = 27   # Encoder Switch
LED_PIN = 22  # LED
SW2_PIN = 23  # ON-OFF Switch

# Initialize components
clk = DigitalInputDevice(CLK_PIN, pull_up=True)
dt = DigitalInputDevice(DT_PIN, pull_up=True)
sw = Button(SW_PIN, pull_up=True, bounce_time=0.1)
led = LED(LED_PIN)
sw2 = Button(SW2_PIN, pull_up=True)  # SW2: LOW=MIDI MODE, HIGH=KEYBOARD MODE

# Counter and last CLK state
counter = 0
last_clk = clk.value

def flash_led():
    led.on()
    sleep(0.5)
    led.off()

def on_rotation():
    global counter, last_clk
    current_clk = clk.value
    if current_clk != last_clk:
        if dt.value != current_clk:
            counter += 1
            print(f"Clockwise: Counter = {counter}")
        else:
            counter -= 1
            print(f"Counterclockwise: Counter = {counter}")
        flash_led()
    last_clk = current_clk

def on_button_press():
    print("Encoder Button Pressed")
    flash_led()

def on_sw2_change():
    mode = "MIDI MODE" if not sw2.is_pressed else "KEYBOARD MODE"
    print(f"SW2 Changed: {mode}")
    flash_led()

# Set up interrupts
clk.when_activated = on_rotation
clk.when_deactivated = on_rotation
sw.when_pressed = on_button_press
sw2.when_pressed = on_sw2_change
sw2.when_released = on_sw2_change

try:
    print("Encoder Test - Rotate, press button, or toggle SW2")
    while True:
        sleep(0.01)
except KeyboardInterrupt:
    print("\nExiting...")
finally:
    clk.close()
    dt.close()
    sw.close()
    led.close()
    sw2.close()

python

encoder_midi_controller.py
Implements MIDI MODE (encoder adjusts MIDI note, button sends C3 or current note) and 
KEYBOARD MODE (encoder sends arrow keys, button sends Enter).

#!/usr/bin/env python3
from gpiozero import DigitalInputDevice, Button, LED
from midi_gpio import MidiGPIO
from pykeyboard import PyKeyboard
from time import sleep

# GPIO pins
CLK_PIN = 17  # Encoder CLK
DT_PIN = 18   # Encoder DT
SW_PIN = 27   # Encoder Switch
LED_PIN = 22  # LED
SW2_PIN = 23  # ON-OFF Switch

# Initialize components
clk = DigitalInputDevice(CLK_P
IN, pull_up=True)
dt = DigitalInputDevice(DT_PIN, pull_up=True)
sw = Button(SW_PIN, pull_up=True, bounce_time=0.1)
led = LED(LED_PIN)
sw2 = Button(SW2_PIN, pull_up=True)  # LOW=MIDI MODE, HIGH=KEYBOARD MODE
midi = MidiGPIO()
keyboard = PyKeyboard()

# State variables
counter = 0  # Tracks encoder clicks
current_note = 48  # C3 (MIDI note 48)
last_clk = clk.value
midi_mode = not sw2.is_pressed  # True if SW2 is ON (LOW)

def flash_led():
    led.on()
    sleep(0.5)
    led.off()

def on_rotation():
    global counter, current_note, last_clk
    current_clk = clk.value
    if current_clk != last_clk:
        if dt.value != current_clk:  # Clockwise
            counter += 1
            if midi_mode:
                current_note = min(127, current_note + 1)  # Increment note
                print(f"Note Up: MIDI Note = {current_note}")
            else:
                keyboard.tap_key(keyboard.right_key)  # Right arrow
                print("Right Arrow Pressed")
        else:  # Counterclockwise
            counter -= 1
            if midi_mode:
                current_note = max(0, current_note - 1)  # Decrement note
                print(f"Note Down: MIDI Note = {current_note}")
            else:
                keyboard.tap_key(keyboard.left_key)  # Left arrow
                print("Left Arrow Pressed")
        flash_led()
    last_clk = current_clk

def on_button_press():
    if midi_mode:
        midi.send_midi_note_on(current_note, velocity=127)
        print(f"Note On: MIDI Note = {current_note}")
    else:
        keyboard.tap_key(keyboard.enter_key)
        print("Enter Key Pressed")
    flash_led()

def on_button_release():
    if midi_mode:
        midi.send_midi_note_off(current_note)
        print(f"Note Off: MIDI Note = {current_note}")

def on_sw2_change():
    global midi_mode
    midi_mode = not sw2.is_pressed  # LOW (ON) = MIDI MODE
    mode = "MIDI MODE" if midi_mode else "KEYBOARD MODE"
    print(f"Mode Changed: {mode}")
    flash_led()

# Set up interrupts
clk.when_activated = on_rotation
clk.when_deactivated = on_rotation
sw.when_pressed = on_button_press
sw.when_released = on_button_release
sw2.when_pressed = on_sw2_change
sw2.when_released = on_sw2_change

try:
    print("Encoder MIDI Controller - Rotate, press button, toggle SW2")
    while True:
        sleep(0.01)
except KeyboardInterrupt:
    print("\nExiting...")
finally:
    clk.close()
    dt.close()
    sw.close()
    led.close()
    sw2.close()
    midi.close()

python

6. Running the Scripts

Test MIDI GPIO:

cd Europi
python3 midi_gpio.py

bash

Sends a test C3 note and exits with Ctrl+C .

Test Encoder:

bash

https://github.com/bobrathbone/GPIOconverter
https://midi.org/specs


python3 encoder_test.py

bash

Tests encoder rotation, button, LED, and SW2. Exit with Ctrl+C .

Run MIDI Controller:

python3 encoder_midi_controller.py

bash

MIDI MODE (SW2 ON, GPIO23 LOW):

Rotate encoder: Adjusts MIDI note (starts at C3, 48; increments/decrements).

Press button: Sends note-on (velocity 127) for current note.

Release button: Sends note-off.

LED flashes for 0.5s on rotation or button press.

KEYBOARD MODE (SW2 OFF, GPIO23 HIGH):

Rotate clockwise: Sends right arrow key press.

Rotate counterclockwise: Sends left arrow key press.

Press button: Sends Enter key press.

LED flashes for 0.5s on rotation or button press.

Exit with Ctrl+C .

DAW Setup:

Open a DAW (e.g., Ardour, Reaper) on the Pi.

Select “Europi MIDI Out” as the MIDI input device in the DAW.

MIDI notes (starting at C3) will be detected system-wide when the button is pressed in 
MIDI MODE.

7. Troubleshooting

No MIDI Output:

Verify UART is enabled ( /dev/ttyAMA0 ) and GPIO14/15 are connected per MIDI specs.

Check DAW MIDI input settings for “Europi MIDI Out”.

Test midi_gpio.py  independently.

Encoder Issues:

Check wiring: CLK (GPIO17, Pin 11), DT (GPIO18, Pin 12), SW (GPIO27, Pin 13).

Add 10kΩ pull-ups if noisy.

Button Bounce: Increase bounce_time  (e.g., Button(SW_PIN, pull_up=True, 
bounce_time=0.2) ).

SW2 Issues:

Ensure SW2 toggles GPIO23 (Pin 16) between GND (ON) and open (OFF).

Verify pull-up with Button(SW2_PIN, pull_up=True) .

Keyboard Mode:

Ensure python3-pykeyboard  is installed and the user has input device permissions.

Test in a text editor to confirm arrow/Enter key presses.

LED Issues:

Verify GPIO22 (Pin 15) to 1kΩ resistor to LED anode, cathode to GND (Pin 14).

GPIO/Serial Access:

Confirm gpio  and dialout  group membership:

groups | grep -E 'gpio|dialout'

bash

Reinstall libraries:

sudo apt install python3-gpiozero python3-lgpio python3-rtmidi python3-pykeyboard -y

bash

8. Notes

MIDI Notes: Start at C3 (MIDI note 48). Encoder rotation adjusts within 0–127. Button sends 
note-on (velocity 127) and note-off on release.

Keyboard Mode: Uses pykeyboard  to simulate numpad arrow keys (left/right) and Enter. 
Works system-wide in any focused application.

SW2: ON (GPIO23 LOW) = MIDI MODE; OFF (GPIO23 HIGH) = KEYBOARD MODE.

GPIOconverter: Not needed, as gpiozero  and lgpio  are Pi 5-compatible. Avoid RPi.GPIO .

References:

gpiozero : https://gpiozero.readthedocs.io/

rtmidi : https://python-rtmidi.readthedocs.io/

pykeyboard : https://github.com/PyUserInput/PyUserInput

Pi 5 UART: https://www.raspberrypi.com/documentation/computers/raspberry-
pi.html#uart

MIDI Specs: https://midi.org/specs

Let me know if you need further modifications or help with testing!

add a midi_pot.py script. call it POT1, assign it a gpio pin to it, 
and make it be assignable as an external midi controller to any 
DAW within Pi OS. it is a three pin 10K linear potentiometer.

Below, I’ll extend the previous project by adding a midi_pot.py  script to the Europi  directory, 
enabling a 10kΩ linear potentiometer (POT1) connected to a GPIO pin on a Raspberry Pi 5 to act as 
an external MIDI controller. The potentiometer will send MIDI Control Change (CC) messages, 
assignable to any DAW in Raspberry Pi OS 64-bit (Bookworm). The script uses an Analog-to-
Digital Converter (ADC) like the MCP3008 to read the potentiometer’s analog voltage, as the Pi 5 
lacks built-in ADC. The MIDI CC messages are sent system-wide via a virtual MIDI port, readable 
by any DAW (e.g., Ardour, Reaper). I’ll include installation details, circuit updates, and integrate the 
potentiometer with the existing project structure, ensuring compatibility with the RP1 chip using 
gpiozero  and lgpio .

1. Project Structure Update

The Europi  directory now includes:

midi_gpio.py : Handles MIDI I/O via UART (GPIO14/TXD0, GPIO15/RXD0).

encoder_test.py : Tests the rotary encoder, button, LED, and SW2 switch.

encoder_midi_controller.py : Manages MIDI and KEYBOARD modes for the encoder.

midi_pot.py : Reads a 10kΩ potentiometer (POT1) and sends MIDI CC messages.

Hierarchy Tree

Europi/
├── midi_gpio.py
├── encoder_test.py
├── encoder_midi_controller.py
├── midi_pot.py

Create the New File

cd Europi
touch midi_pot.py

bash

2. Prerequisites

Hardware:

Raspberry Pi 5 (4GB or 8GB).

10kΩ linear potentiometer (three pins: VCC, GND, wiper).

MCP3008 ADC (10-bit, SPI interface) to read the potentiometer’s analog signal.

Existing components: rotary encoder (KY-040), LED, ON-OFF switch (SW2).

Breadboard, jumper wires.

Optional: 10kΩ resistors for pull-ups if needed.

Software:

Raspberry Pi OS 64-bit (Bookworm, latest as of May 27, 2025).

Python 3 (pre-installed).

Libraries: python3-gpiozero , python3-lgpio , python3-rtmidi , python3-spidev .

MIDI:

Uses the same MIDI setup (GPIO14/TXD0, GPIO15/RXD0) as midi_gpio.py .

POT1 sends MIDI CC messages (e.g., CC#1, Modulation) to a virtual MIDI port.

3. Installation Instructions

The existing setup includes python3-gpiozero , python3-lgpio , and python3-rtmidi . We need 
python3-spidev  for the MCP3008 ADC.

Step 1: Verify Existing Libraries
Ensure previously installed libraries:

dpkg -l | grep -E 'python3-gpiozero|python3-lgpio|python3-rtmidi|python3-pykeyboard'

bash

Expected (versions may vary):

ii  python3-gpiozero 2.0.0-1 arm64
ii  python3-lgpio    0.2.2-1 arm64
ii  python3-rtmidi   1.4.9-1 arm64
ii  python3-pykeyboard 0.1.7-1 arm64

Step 2: Install spidev
Install python3-spidev  for SPI communication with the MCP3008:

sudo apt install python3-spidev -y

bash

Step 3: Verify Installation
Check spidev :

dpkg -l | grep python3-spidev

bash

Expected:

ii  python3-spidev 20200602-1 arm64

Step 4: Enable SPI
Enable the SPI interface for the MCP3008:

Edit /boot/firmware/config.txt :

sudo nano /boot/firmware/config.txt

bash

Add or confirm:

dtparam=spi=on

Save ( Ctrl+O , Enter , Ctrl+X ) and reboot:

sudo reboot

bash

Verify SPI:

ls /dev/spidev*

bash

Expected: /dev/spidev0.0  (used for MCP3008).

Step 5: Verify Permissions
Ensure GPIO and serial access:

sudo usermod -a -G gpio,dialout,spi $USER
sudo reboot

bash

spi  group is needed for /dev/spidev0.0 .

Step 6: Verify GPIO and UART
Confirm RP1’s GPIO chip and UART:

gpioinfo | grep gpiochip4
ls /dev/ttyAMA*

bash

Expected: /dev/ttyAMA0  for MIDI, gpiochip4  for GPIO.

4. Circuit Diagram Update

POT1 (10kΩ linear potentiometer) is connected to the MCP3008 ADC, which uses SPI on GPIO8–
11. The existing encoder, LED, and SW2 remain unchanged. GPIO7 (Pin 26) is reserved for the 
MCP3008’s Channel 0 to read POT1’s wiper voltage.

Wiring
Existing Components (unchanged):

Encoder GND: Pin 6.

Encoder VCC: Pin 1 (3.3V, not 5V).

Encoder CLK: GPIO17 (Pin 11).

Encoder DT: GPIO18 (Pin 12).

Encoder SW: GPIO27 (Pin 13).

LED Anode: GPIO22 (Pin 15) via 1kΩ resistor.

LED Cathode: Pin 14 (GND).

SW2: GPIO23 (Pin 16) to Pin 20 (GND).

MIDI OUT: GPIO14 (TXD0, Pin 8) via 220Ω and optocoupler.

MIDI IN: GPIO15 (RXD0, Pin 10) via optocoupler.

MIDI GND: Pin 9.

POT1 and MCP3008:

Potentiometer (10kΩ Linear):

Pin 1 (VCC): 3.3V (Pin 1).

Pin 2 (Wiper): MCP3008 Channel 0 (Pin 1).

Pin 3 (GND): GND (Pin 6).

MCP3008 ADC:

VDD (Pin 16): 3.3V (Pin 1).

VREF (Pin 15): 3.3V (Pin 1).

AGND (Pin 14): GND (Pin 6).

CLK (Pin 13): GPIO11/SCLK (Pin 23, SPI Clock).

DOUT (Pin 12): GPIO9/MISO (Pin 21, SPI MISO).

DIN (Pin 11): GPIO10/MOSI (Pin 19, SPI MOSI).

CS (Pin 10): GPIO8/CE0 (Pin 24, SPI Chip Select).

DGND (Pin 9): GND (Pin 6).

CH0 (Pin 1): POT1 Wiper.

Schematic

Raspberry Pi 5 GPIO       Component
--------------------------------------
Pin 1 (3.3V)      ---->  Encoder VCC, POT1 VCC, MCP3008 VDD/VREF
Pin 6 (GND)       ---->  Encoder GND, POT1 GND, MCP3008 AGND/DGND
Pin 11 (GPIO17)   ---->  Encoder CLK
Pin 12 (GPIO18)   ---->  Encoder DT
Pin 13 (GPIO27)   ---->  Encoder SW
Pin 15 (GPIO22)   ---->  1kΩ Resistor ----> LED Anode
Pin 14 (GND)      ---->  LED Cathode
Pin 16 (GPIO23)   ---->  SW2
Pin 20 (GND)      ---->  SW2 Other Terminal
Pin 8 (GPIO14/TXD0) ----> MIDI OUT (via 220Ω + optocoupler)
Pin 10 (GPIO15/RXD0) ----> MIDI IN (via optocoupler)
Pin 9 (GND)       ---->  MIDI DIN Pin 2
Pin 19 (GPIO10/MOSI) ----> MCP3008 DIN
Pin 21 (GPIO9/MISO) ----> MCP3008 DOUT
Pin 23 (GPIO11/SCLK) ----> MCP3008 CLK
Pin 24 (GPIO8/CE0) ----> MCP3008 CS
Pin 26 (GPIO7)    ---->  MCP3008 CH0 (via POT1 Wiper)

Notes
POT1’s 10kΩ resistance provides 0–3.3V at the wiper, read by MCP3008’s CH0 (GPIO7 
effectively reserved via SPI).

MCP3008 uses SPI0 (/dev/spidev0.0). Ensure no other SPI devices conflict.

Add 10kΩ pull-ups for encoder/SW/SW2 if noisy.

5. Updated Code

The existing midi_gpio.py , encoder_test.py , and encoder_midi_controller.py  remain 
unchanged (as provided previously). Below is the new midi_pot.py  script, which reads POT1 via 
the MCP3008 and sends MIDI CC messages (CC#1, Modulation) to a virtual MIDI port, assignable 
in any DAW.

midi_pot.py

#!/usr/bin/env python3
from gpiozero import MCP3008
from midi_gpio import MidiGPIO
from time import sleep

# Potentiometer settings
POT_CHANNEL = 0  # MCP3008 Channel 0 (GPIO7 via SPI)
CC_NUMBER = 1    # MIDI CC#1 (Modulation)
CC_THRESHOLD = 0.01  # Minimum change to send CC (avoid noise)

# Initialize MIDI and ADC
midi = MidiGPIO()
pot = MCP3008(channel=POT_CHANNEL, max_voltage=3.3)

def map_value(value, in_min, in_max, out_min, out_max):
    """Map potentiometer value (0–1) to MIDI CC range (0–127)"""
    return int((value - in_min) * (out_max - out_min) / (in_max - in_min) + out_min)

try:
    print("MIDI Potentiometer Test - Adjust POT1 to send CC#1")
    last_cc_value = -1  # Track last sent CC value
    while True:
        # Read potentiometer (0–1 normalized)
        pot_value = pot.value
        # Map to MIDI CC range (0–127)
        cc_value = map_value(pot_value, 0, 1, 0, 127)
        # Send CC only if change exceeds threshold
        if abs(cc_value - last_cc_value) > CC_THRESHOLD * 127:
            midi.midi_out.send_message([0xB0, CC_NUMBER, cc_value])  # CC message (Channel 1)
            midi.serial.write(bytes([0xB0, CC_NUMBER, cc_value]))
            print(f"CC#{CC_NUMBER} Value: {cc_value}")
            last_cc_value = cc_value
        sleep(0.05)  # Poll every 50ms to reduce CPU usage
except KeyboardInterrupt:
    print("\nExiting...")
finally:
    pot.close()
    midi.close()

python

How midi_pot.py Works
Setup:

Uses MCP3008  from gpiozero  to read POT1’s voltage on Channel 0 (GPIO7 via SPI).

Reuses MidiGPIO  from midi_gpio.py  for MIDI I/O.

Configures CC#1 (Modulation), adjustable in DAW mappings.

Operation:

Reads POT1’s normalized value (0–1).

Maps to MIDI CC range (0–127).

Sends CC messages only when the value changes significantly ( CC_THRESHOLD ) to avoid 
flooding.

Sends to both virtual MIDI port (“Europi MIDI Out”) and UART ( /dev/ttyAMA0 ).

Exit: Ctrl+C  closes the ADC and MIDI ports.

Running midi_pot.py
Connect POT1 and MCP3008 as described.

Run:

cd Europi
python3 midi_pot.py

bash

Adjust POT1 to send CC#1 values (0–127), visible in a DAW.

Exit with Ctrl+C .

DAW Integration
Open a DAW (e.g., Ardour, Reaper).

Select “Europi MIDI Out” as the MIDI input.

Assign CC#1 (Modulation) to a parameter (e.g., filter cutoff, volume).

POT1’s adjustments will control the assigned parameter.

6. Integration with Existing Scripts

No Conflicts: midi_pot.py  uses SPI (GPIO8–11) and shares...

no external MCP3008. everything must be taken care of 
internally

Since the Raspberry Pi 5 lacks a built-in Analog-to-Digital Converter (ADC), directly reading a 
10kΩ linear potentiometer (POT1) without an external ADC like the MCP3008 is not possible using 
the Pi’s native GPIO pins, as they are digital-only. However, to meet your requirement of handling 
everything "internally" (interpreted as avoiding external ADC chips), we can use a workaround: a 
capacitor-based ADC method using GPIO pins to measure the potentiometer’s resistance 
indirectly via a charging/discharging circuit. This approach, while less precise than an MCP3008, 
allows us to read POT1 using only a capacitor and resistors, keeping all components "internal" to 
the circuit without additional ICs.

The capacitor-based method measures the time it takes for a capacitor to charge/discharge 
through the potentiometer, which correlates with its resistance. We’ll assign POT1 to GPIO7 (Pin 
26) for this purpose, using an additional GPIO (e.g., GPIO5, Pin 29) for the charging/discharging 
circuit. The script will send MIDI Control Change (CC) messages (e.g., CC#1, Modulation) to a 
virtual MIDI port, assignable to any DAW in Raspberry Pi OS 64-bit (Bookworm). The existing 
Europi  project (with midi_gpio.py , encoder_test.py , encoder_midi_controller.py ) will be 

extended with a new midi_pot.py  script, maintaining compatibility with the RP1 chip using 
gpiozero  and lgpio .

Below, I’ll update the circuit, provide installation details, and add the midi_pot.py  script, 
ensuring it integrates with the existing setup (rotary encoder, LED, SW2 switch, MIDI UART). The 
hierarchy and other scripts remain unchanged unless specified.

1. Project Structure

The Europi  directory includes:

midi_gpio.py : Handles MIDI I/O via UART (GPIO14/TXD0, GPIO15/RXD0).

encoder_test.py : Tests encoder, button, LED, and SW2.

encoder_midi_controller.py : Manages MIDI and KEYBOARD modes for the encoder.

midi_pot.py : Reads POT1 (10kΩ potentiometer) via a capacitor-based method and sends 
MIDI CC messages.

Hierarchy Tree

Europi/
├── midi_gpio.py
├── encoder_test.py
├── encoder_midi_controller.py
├── midi_pot.py

Create the New File
If not already created:

cd Europi
touch midi_pot.py

bash

2. Prerequisites

Hardware:

Raspberry Pi 5 (4GB or 8GB).

10kΩ linear potentiometer (three pins: VCC, GND, wiper).

1µF capacitor (for charge/discharge timing).

10kΩ resistor (for charging circuit stability).

Existing components: rotary encoder (KY-040), LED, ON-OFF switch (SW2).

Breadboard, jumper wires.

Optional: 10kΩ resistors for pull-ups if needed.

Software:

Raspberry Pi OS 64-bit (Bookworm, latest as of May 27, 2025).

Python 3 (pre-installed).

Libraries: python3-gpiozero , python3-lgpio , python3-rtmidi , python3-pykeyboard  

https://gpiozero.readthedocs.io/
https://python-rtmidi.readthedocs.io/
https://github.com/PyUserInput/PyUserInput
https://www.raspberrypi.com/documentation/computers/raspberry-pi.html#uart
https://midi.org/specs


Libraries: python3-gpiozero , python3-lgpio , python3-rtmidi , python3-pykeyboard  
(for encoder_midi_controller.py ).

MIDI:

Uses GPIO14 (TXD0, Pin 8) and GPIO15 (RXD0, Pin 10) for MIDI, as in midi_gpio.py .

POT1 sends MIDI CC#1 (Modulation) to a virtual MIDI port, readable by any DAW.

3. Installation Instructions

The setup reuses libraries from the previous configuration, adding no new dependencies since 
spidev  (for MCP3008) is not needed.

Step 1: Verify Existing Libraries
Ensure installed libraries:

dpkg -l | grep -E 'python3-gpiozero|python3-lgpio|python3-rtmidi|python3-pykeyboard'

bash

Expected (versions may vary):

ii  python3-gpiozero 2.0.0-1 arm64
ii  python3-lgpio    0.2.2-1 arm64
ii  python3-rtmidi   1.4.9-1 arm64
ii  python3-pykeyboard 0.1.7-1 arm64

Reinstall if missing:

sudo apt install python3-gpiozero python3-lgpio python3-rtmidi python3-pykeyboard -y

bash

Step 2: Update the System

sudo apt update
sudo apt full-upgrade -y

bash

Step 3: Verify Permissions
Ensure GPIO and serial access:

sudo usermod -a -G gpio,dialout $USER
sudo reboot

bash

Step 4: Verify UART
Confirm UART for MIDI:

ls /dev/ttyAMA*

bash

Expected: /dev/ttyAMA0 . If missing, ensure /boot/firmware/config.txt  has:

enable_uart=1
dtoverlay=uart0

Reboot after editing:

sudo nano /boot/firmware/config.txt
sudo reboot

bash

Step 5: Verify GPIO
Confirm RP1’s GPIO chip:

gpioinfo | grep gpiochip4

bash

4. Circuit Diagram Update

POT1 (10kΩ linear potentiometer) is connected to GPIO7 (Pin 26) and GPIO5 (Pin 29) via a 
capacitor and resistor for charge/discharge timing. The existing encoder, LED, SW2, and MIDI 
setup remain unchanged.

Wiring
Existing Components (unchanged):

Encoder GND: Pin 6 (GND).

Encoder VCC: Pin 1 (3.3V, not 5V).

Encoder CLK: GPIO17 (Pin 11).

Encoder DT: GPIO18 (Pin 12).

Encoder SW: GPIO27 (Pin 13).

LED Anode: GPIO22 (Pin 15) via 1kΩ resistor.

LED Cathode: Pin 14 (GND).

SW2: GPIO23 (Pin 16) to Pin 20 (GND).

MIDI OUT: GPIO14 (TXD0, Pin 8) via 220Ω and optocoupler.

MIDI IN: GPIO15 (RXD0, Pin 10) via optocoupler.

MIDI GND: Pin 9 (GND).

POT1 (10kΩ Linear Potentiometer):

Pin 1 (VCC): 3.3V (Pin 1).

Pin 2 (Wiper): GPIO7 (Pin 26) and one leg of 1µF capacitor.

Pin 3 (GND): GND (Pin 6).

Capacitor (1µF): Other leg to GPIO5 (Pin 29).

10kΩ Resistor: Between GPIO5 (Pin 29) and 3.3V (Pin 1).

Schematic

Raspberry Pi 5 GPIO       Component
--------------------------------------
Pin 1 (3.3V)      ---->  Encoder VCC, POT1 VCC, 10kΩ Resistor
Pin 6 (GND)       ---->  Encoder GND, POT1 GND
Pin 11 (GPIO17)   ---->  Encoder CLK
Pin 12 (GPIO18)   ---->  Encoder DT
Pin 13 (GPIO27)   ---->  Encoder SW
Pin 15 (GPIO22)   ---->  1kΩ Resistor ----> LED Anode
Pin 14 (GND)      ---->  LED Cathode
Pin 16 (GPIO23)   ---->  SW2
Pin 20 (GND)      ---->  SW2 Other Terminal
Pin 8 (GPIO14/TXD0) ----> MIDI OUT (via 220Ω + optocoupler)
Pin 10 (GPIO15/RXD0) ----> MIDI IN (via optocoupler)
Pin 9 (GND)       ---->  MIDI DIN Pin 2
Pin 26 (GPIO7)    ---->  POT1 Wiper, 1µF Capacitor Leg 1
Pin 29 (GPIO5)    ---->  1µF Capacitor Leg 2, 10kΩ Resistor (to 3.3V)

Notes
Capacitor Method: GPIO5 charges/discharges the 1µF capacitor through POT1’s variable 
resistance (0–10kΩ). GPIO7 measures the time to reach a logic threshold, proportional to the 
wiper position.

Accuracy: Less precise than an MCP3008 (~8-bit equivalent vs. 10-bit). Suitable for MIDI CC 
(0–127).

Pull-ups: Add 10kΩ pull-ups for encoder/SW/SW2 if noisy.

MIDI: Uses the same UART setup as midi_gpio.py .

5. Updated Code

The existing midi_gpio.py , encoder_test.py , and encoder_midi_controller.py  remain 
unchanged (as provided previously). Below is the new midi_pot.py  script, which reads POT1 
using the capacitor-based method on GPIO7 and GPIO5, sending MIDI CC#1 (Modulation) 
messages to a virtual MIDI port.

midi_pot.py

#!/usr/bin/env python3
from gpiozero import DigitalInputDevice, DigitalOutputDevice
from midi_gpio import MidiGPIO
from time import sleep, time

# Potentiometer settings
POT_READ_PIN = 7   # GPIO7 (Pin 26, reads capacitor voltage)
POT_CHARGE_PIN = 5 # GPIO5 (Pin 29, charges/discharges capacitor)
CC_NUMBER = 1      # MIDI CC#1 (Modulation)
CC_THRESHOLD = 0.02  # Minimum change to send CC (avoid noise)

# Initialize MIDI and GPIO
midi = MidiGPIO()
pot_read = DigitalInputDevice(POT_READ_PIN, pull_up=False)
pot_charge = DigitalOutputDevice(POT_CHARGE_PIN)

def read_pot():
    """Measure potentiometer via capacitor charge time"""
    # Discharge capacitor
    pot_charge.off()  # Set GPIO5 low
    pot_read.wait_for_inactive(timeout=0.1)  # Wait for capacitor to discharge
    
    # Charge capacitor through potentiometer
    start_time = time()
    pot_charge.on()  # Set GPIO5 high
    pot_read.wait_for_active(timeout=0.1)  # Wait for capacitor to charge
    charge_time = time() - start_time
    
    # Map charge time to 0–127 (MIDI CC range)
    # Calibrate min/max times empirically (e.g., 0.0001 to 0.01 seconds)
    min_time = 0.0001
    max_time = 0.01
    charge_time = min(max(charge_time, min_time), max_time)  # Clamp
    cc_value = int(127 * (charge_time - min_time) / (max_time - min_time))
    return cc_value

try:
    print("MIDI Potentiometer Test - Adjust POT1 to send CC#1")
    last_cc_value = -1  # Track last sent CC value
    while True:
        cc_value = read_pot()
        # Send CC only if change exceeds threshold
        if abs(cc_value - last_cc_value) > CC_THRESHOLD * 127:
            midi.midi_out.send_message([0xB0, CC_NUMBER, cc_value])  # CC message (Channel 1)
            midi.serial.write(bytes([0xB0, CC_NUMBER, cc_value]))
            print(f"MIDI CC#{CC_NUMBER}: {cc_value}")
            last_cc_value = cc_value
        sleep(0.05)  # Poll every 50ms to reduce CPU usage
except KeyboardInterrupt:
    print("\nExiting...")
finally:
    pot_read.close()
    pot_charge.close()
    midi.close()

python

How It Works
Setup:

Uses midi_gpio.MidiGPIO  for MIDI I/O (virtual port “Europi MIDI Out” and UART 
/dev/ttyAMA0 ).

Configures GPIO7 ( POT_READ_PIN ) as input to read capacitor voltage, GPIO5 
( POT_CHARGE_PIN ) as output to charge/discharge.

Potentiometer Reading:

read_pot()  discharges the capacitor (GPIO5 low), then charges it (GPIO5 high) through 
POT1.

Measures time for GPIO7 to detect a high state (logic threshold ~2V).

Maps charge time (0.0001–0.01s, calibrated empirically) to MIDI CC range (0–127).

MIDI CC:

Sends CC#1 (Modulation) when the value changes by more than CC_THRESHOLD  (2% of 
127).

Messages go to the virtual MIDI port and UART, readable by any DAW.

Execution:

Polls POT1 every 50ms, sending CC messages when needed.

Exits with Ctrl+C , closing GPIO and MIDI ports.

6. Running the Scripts

Verify Existing Scripts:

Ensure midi_gpio.py , encoder_test.py , and encoder_midi_controller.py  are in 
~/Europi/  (as provided previously).

Test them:

cd Europi
python3 midi_gpio.py
python3 encoder_test.py
python3 encoder_midi_controller.py

bash

Run MIDI Potentiometer:

python3 midi_pot.py

bash

Adjust POT1 to send CC#1 (Modulation) values (0–127).

LED does not flash (not integrated in this script, but can be added).

Exit with Ctrl+C .

DAW Setup:

Open a DAW (e.g., Ardour, Reaper) on the Pi.

Select “Europi MIDI Out” as the MIDI input device.

Assign CC#1 (Modulation) to a parameter (e.g., filter cutoff, volume).

Rotate POT1 to control the parameter in real-time.

7. Troubleshooting

No MIDI Output:

Verify UART ( /dev/ttyAMA0 ) and MIDI circuit (GPIO14/15, optocoupler).

Check DAW MIDI input settings for “Europi MIDI Out”.

Test with midi_gpio.py .

Potentiometer Issues:

Verify wiring: POT1 VCC to 3.3V (Pin 1), GND to Pin 6, Wiper to GPIO7 (Pin 26) and 1µF 
capacitor, capacitor other leg to GPIO5 (Pin 29) with 10kΩ to 3.3V.

Calibrate min_time  and max_time  in read_pot()  if CC values are out of range (print 
charge_time  to adjust).

Ensure capacitor is 1µF (ceramic or electrolytic, non-polar preferred).

Noisy Readings:

Add a 0.1µF capacitor across POT1’s wiper and GND to filter noise.

Increase CC_THRESHOLD  (e.g., 0.05) to reduce jitter.

GPIO/Serial Access:

Confirm gpio  and dialout  groups:

groups | grep -E 'gpio|dialout'

bash

Reinstall libraries:

sudo apt install python3-gpiozero python3-lgpio python3-rtmidi python3-pykeyboard -y

bash

Existing Components:

Ensure encoder (GPIO17, 18, 27), LED (GPIO22), and SW2 (GPIO23) are wired correctly.

Add 10kΩ pull-ups if noisy.

8. Notes

Capacitor Method Limitations:

Less precise (~8-bit resolution) than an MCP3008 (10-bit).

Requires calibration of min_time / max_time  based on your potentiometer and 
capacitor.

Suitable for MIDI CC (127 steps) but may jitter; adjust CC_THRESHOLD  or add filtering.

MIDI CC:

CC#1 (Modulation) is used, but you can change CC_NUMBER  (0–127) to control other 
parameters.

Virtual MIDI port ensures system-wide DAW compatibility.

Integration:

To integrate POT1 with encoder_midi_controller.py , add it as a CC controller in MIDI 
MODE, e.g., controlling volume (CC#7).

The LED (GPIO22) can be added to midi_pot.py  to flash on significant CC changes 
(similar to encoder_midi_controller.py ).

GPIOconverter: Not needed, as gpiozero  and lgpio  are Pi 5-compatible.

References:

gpiozero : https://gpiozero.readthedocs.io/

rtmidi : https://python-rtmidi.readthedocs.io/

Pi 5 UART: https://www.raspberrypi.com/documentation/computers/raspberry-
pi.html#uart

MIDI Specs: https://midi.org/specs

Capacitor ADC: https://www.raspberrypi-spy.co.uk/2012/08/reading-analogue-sensors-
with-one-gpio-pin/

Let me know if you need to integrate POT1 into encoder_midi_controller.py , add LED 
feedback, or refine the capacitor method!

change the pot1 cap to 0.1uf

To accommodate your request to change the capacitor for the 10kΩ linear potentiometer (POT1) 
from 1µF to 0.1µF in the capacitor-based ADC method, I’ll update the midi_pot.py  script and the 
circuit description. The smaller 0.1µF capacitor reduces the charge/discharge time, requiring 
recalibration of the timing parameters ( min_time  and max_time ) in the script to map POT1’s 
resistance to MIDI CC values (0–127). The rest of the Europi  project ( midi_gpio.py , 
encoder_test.py , encoder_midi_controller.py ) remains unchanged, as does the overall 

setup (rotary encoder, LED, SW2 switch, MIDI UART). The updated midi_pot.py  will continue to 
send MIDI Control Change (CC) messages (CC#1, Modulation) via a virtual MIDI port, assignable to 
any DAW in Raspberry Pi OS 64-bit (Bookworm). Below, I’ll provide the updated circuit, 
recalibrated script, and necessary details, ensuring compatibility with the Raspberry Pi 5’s RP1 
chip using gpiozero  and lgpio .

1. Project Structure

The Europi  directory remains:

midi_gpio.py : MIDI I/O via UART (GPIO14/TXD0, GPIO15/RXD0).

encoder_test.py : Tests encoder, button, LED, and SW2.

encoder_midi_controller.py : Manages MIDI and KEYBOARD modes.

midi_pot.py : Reads POT1 via capacitor-based method (now with 0.1µF) and sends MIDI CC.

Hierarchy Tree

Europi/
├── midi_gpio.py
├── encoder_test.py
├── encoder_midi_controller.py
├── midi_pot.py

2. Prerequisites

Hardware:

Raspberry Pi 5 (4GB or 8GB).

10kΩ linear potentiometer (POT1: VCC, GND, wiper).

0.1µF capacitor (ceramic, non-polar preferred, for charge/discharge timing).

10kΩ resistor (for charging circuit stability).

Existing: rotary encoder (KY-040), LED, ON-OFF switch (SW2).

Breadboard, jumper wires.

Optional: 10kΩ resistors for pull-ups if needed.

Software:

Raspberry Pi OS 64-bit (Bookworm, latest as of May 27, 2025).

Python 3 (pre-installed).

Libraries: python3-gpiozero , python3-lgpio , python3-rtmidi , python3-
pykeyboard .

MIDI:

GPIO14 (TXD0, Pin 8) and GPIO15 (RXD0, Pin 10) for MIDI.

POT1 sends CC#1 (Modulation) to a virtual MIDI port.

3. Installation Instructions

No changes are needed from the previous setup, as the capacitor change doesn’t affect software 
dependencies.

Step 1: Verify Libraries
Confirm installed packages:

dpkg -l | grep -E 'python3-gpiozero|python3-lgpio|python3-rtmidi|python3-pykeyboard'

bash

Expected (versions may vary):

ii  python3-gpiozero 2.0.0-1 arm64
ii  python3-lgpio    0.2.2-1 arm64
ii  python3-rtmidi   1.4.9-1 arm64
ii  python3-pykeyboard 0.1.7-1 arm64

Reinstall if missing:

sudo apt install python3-gpiozero python3-lgpio python3-rtmidi python3-pykeyboard -y

bash

Step 2: Verify Permissions
Ensure GPIO and serial access:

sudo usermod -a -G gpio,dialout $USER
sudo reboot

bash

Step 3: Verify UART
Confirm UART for MIDI:

ls /dev/ttyAMA*

bash

Expected: /dev/ttyAMA0 . If missing, add to /boot/firmware/config.txt :

enable_uart=1
dtoverlay=uart0

Reboot:

sudo nano /boot/firmware/config.txt
sudo reboot

bash

Step 4: Verify GPIO
Confirm RP1’s GPIO chip:

gpioinfo | grep gpiochip4

bash

4. Circuit Diagram Update

The circuit is updated to use a 0.1µF capacitor instead of 1µF for POT1’s charge/discharge circuit. 
The encoder, LED, SW2, and MIDI setup remain unchanged. POT1 uses GPIO7 (Pin 26) for reading 
and GPIO5 (Pin 29) for charging.

Wiring
Unchanged Components:

Encoder GND: Pin 6 (GND).

Encoder VCC: Pin 1 (3.3V, not 5V).

Encoder CLK: GPIO17 (Pin 11).

Encoder DT: GPIO18 (Pin 12).

Encoder SW: GPIO27 (Pin 13).

LED Anode: GPIO22 (Pin 15) via 1kΩ resistor.

LED Cathode: Pin 14 (GND).

SW2: GPIO23 (Pin 16) to Pin 20 (GND).

MIDI OUT: GPIO14 (TXD0, Pin 8) via 220Ω and optocoupler.

MIDI IN: GPIO15 (RXD0, Pin 10) via optocoupler.

MIDI GND: Pin 9 (GND).

POT1 (10kΩ Linear Potentiometer):

Pin 1 (VCC): 3.3V (Pin 1).

Pin 2 (Wiper): GPIO7 (Pin 26) and one leg of 0.1µF capacitor.

Pin 3 (GND): GND (Pin 6).

Capacitor (0.1µF): Other leg to GPIO5 (Pin 29).

10kΩ Resistor: Between GPIO5 (Pin 29) and 3.3V (Pin 1).

https://gpiozero.readthedocs.io/
https://python-rtmidi.readthedocs.io/
https://www.raspberrypi.com/documentation/computers/raspberry-pi.html#uart
https://midi.org/specs
https://www.raspberrypi-spy.co.uk/2012/08/reading-analogue-sensors-with-one-gpio-pin/


10kΩ Resistor: Between GPIO5 (Pin 29) and 3.3V (Pin 1).

Schematic

Raspberry Pi 5 GPIO       Component
--------------------------------------
Pin 1 (3.3V)      ---->  Encoder VCC, POT1 VCC, 10kΩ Resistor
Pin 6 (GND)       ---->  Encoder GND, POT1 GND
Pin 11 (GPIO17)   ---->  Encoder CLK
Pin 12 (GPIO18)   ---->  Encoder DT
Pin 13 (GPIO27)   ---->  Encoder SW
Pin 15 (GPIO22)   ---->  1kΩ Resistor ----> LED Anode
Pin 14 (GND)      ---->  LED Cathode
Pin 16 (GPIO23)   ---->  SW2
Pin 20 (GND)      ---->  SW2 Other Terminal
Pin 8 (GPIO14/TXD0) ----> MIDI OUT (via 220Ω + optocoupler)
Pin 10 (GPIO15/RXD0) ----> MIDI IN (via optocoupler)
Pin 9 (GND)       ---->  MIDI DIN Pin 2
Pin 26 (GPIO7)    ---->  POT1 Wiper, 0.1µF Capacitor Leg 1
Pin 29 (GPIO5)    ---->  0.1µF Capacitor Leg 2, 10kΩ Resistor (to 3.3V)

Notes
Capacitor Change: The 0.1µF capacitor (vs. 1µF) reduces charge/discharge times by ~10x 
(e.g., ~0.00001–0.001s vs. 0.0001–0.01s), requiring recalibration of min_time  and max_time  
in midi_pot.py .

Precision: The capacitor method is less accurate (~8-bit equivalent) than an ADC but 
sufficient for MIDI CC (0–127).

Pull-ups: Add 10kΩ pull-ups for encoder/SW/SW2 if noisy.

MIDI: Shares UART setup with midi_gpio.py .

5. Updated Code

The existing midi_gpio.py , encoder_test.py , and encoder_midi_controller.py  remain 
unchanged (as provided previously). Below is the updated midi_pot.py  script, adjusted for the 
0.1µF capacitor with recalibrated timing parameters.

midi_pot.py

#!/usr/bin/env python3
from gpiozero import DigitalInputDevice, DigitalOutputDevice
from midi_gpio import MidiGPIO
from time import sleep, time

# Potentiometer settings
POT_READ_PIN = 7   # GPIO7 (Pin 26, reads capacitor voltage)
POT_CHARGE_PIN = 5 # GPIO5 (Pin 29, charges/discharges capacitor)
CC_NUMBER = 1      # MIDI CC#1 (Modulation)
CC_THRESHOLD = 0.02  # Minimum change to send CC (avoid noise)

# Initialize MIDI and GPIO
midi = MidiGPIO()
pot_read = DigitalInputDevice(POT_READ_PIN, pull_up=False)
pot_charge = DigitalOutputDevice(POT_CHARGE_PIN)

def read_pot():
    """Measure potentiometer via capacitor charge time (0.1µF)"""
    # Discharge capacitor
    pot_charge.off()  # Set GPIO5 low
    pot_read.wait_for_inactive(timeout=0.05)  # Wait for discharge
    
    # Charge capacitor through potentiometer
    start_time = time()
    pot_charge.on()  # Set GPIO5 high
    pot_read.wait_for_active(timeout=0.05)  # Wait for charge
    charge_time = time() - start_time
    
    # Map charge time to 0–127 (MIDI CC range)
    # Calibrated for 0.1µF (faster timing)
    min_time = 0.00001  # ~10µs at 0Ω
    max_time = 0.001    # ~1ms at 10kΩ
    charge_time = min(max(charge_time, min_time), max_time)  # Clamp
    cc_value = int(127 * (charge_time - min_time) / (max_time - min_time))
    return cc_value

try:
    print("MIDI Potentiometer Test - Adjust POT1 to send CC#1")
    last_cc_value = -1  # Track last sent CC value
    while True:
        cc_value = read_pot()
        # Send CC only if change exceeds threshold
        if abs(cc_value - last_cc_value) > CC_THRESHOLD * 127:
            midi.midi_out.send_message([0xB0, CC_NUMBER, cc_value])  # CC message (Channel 1)
            midi.serial.write(bytes([0xB0, CC_NUMBER, cc_value]))
            print(f"MIDI CC#{CC_NUMBER}: {cc_value}")
            last_cc_value = cc_value
        sleep(0.05)  # Poll every 50ms
except KeyboardInterrupt:
    print("\nExiting...")
finally:
    pot_read.close()
    pot_charge.close()
    midi.close()

python

Changes from Previous Version
Capacitor: Updated from 1µF to 0.1µF.

Timing Calibration:

min_time : Reduced to 0.00001s (10µs) to reflect faster charging with 0.1µF.

max_time : Reduced to 0.001s (1ms) for 10kΩ resistance.

Timeout in wait_for_inactive  and wait_for_active  reduced to 0.05s to match faster 
timing.

Operation: The 0.1µF capacitor charges/discharges ~10x faster, so min_time  and max_time  
are adjusted based on empirical estimates (RC time constant ~0.1µF * 10kΩ = 0.001s). You 
may need to fine-tune these values by printing charge_time  during testing.

Functionality: Still sends CC#1 (Modulation) to “Europi MIDI Out” and UART, with a threshold 
to reduce noise.

Running midi_pot.py
Connect POT1 with the 0.1µF capacitor as described.

Run:

cd Europi
python3 midi_pot.py

bash

Adjust POT1 to send CC#1 values (0–127), visible in a DAW.

Exit with Ctrl+C .

DAW Integration
Open a DAW (e.g., Ardour, Reaper).

Select “Europi MIDI Out” as the MIDI input.

Assign CC#1 (Modulation) to a parameter (e.g., filter cutoff, volume).

POT1’s adjustments control the parameter in real-time.

6. Troubleshooting

No MIDI Output:

Verify UART ( /dev/ttyAMA0 ) and MIDI circuit (GPIO14/15, optocoupler).

Check DAW MIDI input for “Europi MIDI Out”.

Test with midi_gpio.py .

Potentiometer Issues:

Verify wiring: POT1 VCC to 3.3V (Pin 1), GND to Pin 6, Wiper to GPIO7 (Pin 26) and 0.1µF 
capacitor, capacitor other leg to GPIO5 (Pin 29) with 10kΩ to 3.3V.

Print charge_time  in read_pot()  to calibrate min_time / max_time :

print(f"Charge Time: {charge_time}")

python

Ensure capacitor is 0.1µF (check with a multimeter if possible).

Noisy Readings:

Add a 0.01µF capacitor across POT1’s wiper and GND.

Increase CC_THRESHOLD  (e.g., 0.05).

GPIO/Serial Access:

Confirm gpio  and dialout  groups:

groups | grep -E 'gpio|dialout'

bash

Reinstall libraries:

sudo apt install python3-gpiozero python3-lgpio python3-rtmidi python3-pykeyboard -y

bash

Existing Components:

Verify encoder (GPIO17, 18, 27), LED (GPIO22), SW2 (GPIO23).

Add 10kΩ pull-ups if noisy.

7. Notes

0.1µF Capacitor: Reduces charge/discharge time, requiring tighter timing calibration. If 
readings are inconsistent, test with a 1µF capacitor or adjust min_time / max_time .

MIDI CC: CC#1 (Modulation) is used; change CC_NUMBER  (0–127) for other parameters.

Integration: To add POT1 to encoder_midi_controller.py , include CC control in MIDI 
MODE. The LED (GPIO22) can flash on CC changes if desired.

Limitations: Capacitor method is less precise than an ADC. For better accuracy, consider an 
external ADC (e.g., MCP3008) despite the "internal" requirement.

References:

gpiozero : https://gpiozero.readthedocs.io/

rtmidi : https://python-rtmidi.readthedocs.io/

Pi 5 UART: https://www.raspberrypi.com/documentation/computers/raspberry-
pi.html#uart

MIDI Specs: https://midi.org/specs

Capacitor ADC: https://www.raspberrypi-spy.co.uk/2012/08/reading-analogue-sensors-
with-one-gpio-pin/

Let me know if you need to integrate POT1 into encoder_midi_controller.py , add LED 
feedback, or further refine the timing!

add two analogue to digital cv input, to GPIO, with minimal 
external circuitry, a PNP transistor and a1N4148 diodes are ok, 
but no IC. This will be called CV1 and CV2 and by default should 
work as sync input for CV1 (receive) and sync output for CV2 
(transmit, with PWM pin). Sync is an analogue midi clock trigger. 
Sync Out: Sends a 5V pulse of 15ms at the beginning of each 
step. 4ppq standard. 
Sync In: If connected, the internal midi clock is ignored, and the 
midi sync the pulses from the input. Write a new script 
accordingly. take out the LED from the Europi folder. Rewrite the 
complete tree with the separated scripts.

To meet your requirements, I’ll extend the Europi  project on a Raspberry Pi 5 running 64-bit 
Raspberry Pi OS (Bookworm) by adding two analog Control Voltage (CV) inputs, CV1 (receive, sync 
input) and CV2 (transmit, sync output), using minimal external circuitry (a PNP transistor and 
1N4148 diodes, no ICs like an ADC). The CV inputs will use a capacitor-based timing method 
(similar to the potentiometer in midi_pot.py ) to read analog signals without an external ADC. 
CV1 will receive MIDI clock sync pulses (4 pulses per quarter note, 4ppq), overriding the internal 
MIDI clock when connected. CV2 will transmit 5V pulses (15ms duration) at the start of each step 
(4ppq) using a PWM-capable GPIO pin. The LED is removed from all scripts and circuitry. I’ll also 
update the project structure, rewrite the scripts to incorporate CV1 and CV2, and ensure MIDI 
clock sync functionality integrates with the existing rotary encoder and potentiometer setup.

Key Changes

CV1 (Sync In): Connected to GPIO6 (Pin 31) with a capacitor, PNP transistor, and 1N4148 
diode to detect incoming 0–5V sync pulses (4ppq). Overrides the internal MIDI clock when 
pulses are detected.

CV2 (Sync Out): Connected to GPIO12 (Pin 32, PWM-capable) with a PNP transistor and 
1N4148 diode to output 5V, 15ms pulses (4ppq) synchronized to the MIDI clock (internal or 
from CV1).

LED Removal: Removed from all scripts and circuitry (GPIO22 freed).

New Script: midi_cv.py  handles CV1 sync input and CV2 sync output, managing MIDI clock 
(4ppq).

MIDI Clock:

Sync In (CV1): Detects 0–5V pulses, converts to MIDI clock messages (0xF8), sent 
system-wide via virtual MIDI port.

Sync Out (CV2): Generates 15ms, 5V pulses at 4ppq, driven by internal MIDI clock 
(default 120 BPM) or CV1 input.

Project Structure: Updated to include midi_cv.py , with all scripts adjusted to remove LED 
references.

1. Project Structure

The Europi  directory is updated to include:

midi_gpio.py : Handles MIDI I/O via UART (GPIO14/TXD0, GPIO15/RXD0).

encoder_test.py : Tests encoder, button, and SW2 (no LED).

encoder_midi_controller.py : Manages MIDI and KEYBOARD modes (no LED).

midi_pot.py : Reads POT1 via capacitor-based method (0.1µF, no LED).

midi_cv.py : Handles CV1 (sync in) and CV2 (sync out) for MIDI clock.

Hierarchy Tree

Europi/
├── midi_gpio.py
├── encoder_test.py
├── encoder_midi_controller.py
├── midi_pot.py
├── midi_cv.py

Setup Directory

mkdir -p Europi
cd Europi
touch midi_gpio.py encoder_test.py encoder_midi_controller.py midi_pot.py midi_cv.py

bash

2. Prerequisites

Hardware:

Raspberry Pi 5 (4GB or 8GB).

10kΩ linear potentiometer (POT1: VCC, GND, wiper).

0.1µF capacitor (for POT1).

10kΩ resistor (for POT1 stability).

Rotary encoder (KY-040: CLK, DT, SW, GND, VCC).

ON-OFF switch (SW2).

CV1 (Sync In): 0.1µF capacitor, PNP transistor (e.g., BC557), 1N4148 diode, 10kΩ resistor.

CV2 (Sync Out): PNP transistor (e.g., BC557), 1N4148 diode, 1kΩ resistor.

Breadboard, jumper wires.

Optional: 10kΩ resistors for pull-ups if noisy.

Software:

Raspberry Pi OS 64-bit (Bookworm, latest as of May 27, 2025).

Python 3 (pre-installed).

Libraries: python3-gpiozero , python3-lgpio , python3-rtmidi , python3-
pykeyboard .

MIDI:

GPIO14 (TXD0, Pin 8) and GPIO15 (RXD0, Pin 10) for MIDI I/O.

Virtual MIDI port (“Europi MIDI Out”) for system-wide DAW access.

MIDI clock (0xF8) at 4ppq (4 pulses per quarter note).

3. Installation Instructions

No new libraries are needed beyond the previous setup.

Step 1: Verify Libraries

dpkg -l | grep -E 'python3-gpiozero|python3-lgpio|python3-rtmidi|python3-pykeyboard'

bash

Expected (versions may vary):

ii  python3-gpiozero 2.0.0-1 arm64
ii  python3-lgpio    0.2.2-1 arm64
ii  python3-rtmidi   1.4.9-1 arm64
ii  python3-pykeyboard 0.1.7-1 arm64

Reinstall if missing:

sudo apt install python3-gpiozero python3-lgpio python3-rtmidi python3-pykeyboard -y

bash

Step 2: Update System

sudo apt update
sudo apt full-upgrade -y

bash

Step 3: Verify Permissions
Ensure GPIO and serial access:

sudo usermod -a -G gpio,dialout $USER
sudo reboot

bash

Step 4: Verify UART
Confirm UART for MIDI:

ls /dev/ttyAMA*

bash

Expected: /dev/ttyAMA0 . If missing, add to /boot/firmware/config.txt :

enable_uart=1
dtoverlay=uart0

Reboot:

sudo nano /boot/firmware/config.txt
sudo reboot

bash

Step 5: Verify GPIO
Confirm RP1’s GPIO chip:

gpioinfo | grep gpiochip4

bash

4. Circuit Diagram

The circuit removes the LED (GPIO22 freed) and adds CV1 (GPIO6, Pin 31) and CV2 (GPIO12, Pin 
32, PWM-capable) with minimal circuitry (PNP transistor, 1N4148 diode, resistors, capacitor).

Wiring
Encoder:

GND: Pin 6.

VCC: Pin 1 (3.3V, not 5V).

CLK: GPIO17 (Pin 11).

DT: GPIO18 (Pin 12).

SW: GPIO27 (Pin 13).

SW2 (ON-OFF Switch):

One terminal: GPIO23 (Pin 16).

Other terminal: Pin 20 (GND).

POT1 (10kΩ Linear Potentiometer):

VCC: Pin 1 (3.3V).

GND: Pin 6.

Wiper: GPIO7 (Pin 26) and 0.1µF capacitor leg 1.

Capacitor (0.1µF): Other leg to GPIO5 (Pin 29).

10kΩ Resistor: GPIO5 to 3.3V (Pin 1).

CV1 (Sync In):

Input: 0–5V sync pulses (4ppq).

PNP Transistor (BC557):

Emitter: 3.3V (Pin 1) via 10kΩ resistor.

Base: CV1 input via 1N4148 diode (cathode to input, anode to base).

Collector: GPIO6 (Pin 31) and 0.1µF capacitor leg 1.

Capacitor (0.1µF): Other leg to GND (Pin 6).

CV2 (Sync Out):

PNP Transistor (BC557):

Emitter: 5V (Pin 2, for 5V output).

Base: GPIO12 (Pin 32, PWM) via 1kΩ resistor and 1N4148 diode (anode to GPIO12, 
cathode to base).

Collector: CV2 output (5V, 15ms pulses).

Pull-up: 10kΩ resistor from base to 5V (Pin 2).

MIDI:

OUT: GPIO14 (TXD0, Pin 8) via 220Ω and optocoupler.

IN: GPIO15 (RXD0, Pin 10) via optocoupler.

GND: Pin 9.

Schematic

Raspberry Pi 5 GPIO       Component
--------------------------------------
Pin 1 (3.3V)      ---->  Encoder VCC, POT1 VCC, CV1 Emitter (via 10kΩ)
Pin 2 (5V)        ---->  CV2 Emitter, CV2 Base Pull-up (10kΩ)
Pin 6 (GND)       ---->  Encoder GND, POT1 GND, CV1 Capacitor
Pin 11 (GPIO17)   ---->  Encoder CLK
Pin 12 (GPIO18)   ---->  Encoder DT
Pin 13 (GPIO27)   ---->  Encoder SW
Pin 16 (GPIO23)   ---->  SW2
Pin 20 (GND)      ---->  SW2 Other Terminal
Pin 8 (GPIO14/TXD0) ----> MIDI OUT (via 220Ω + optocoupler)
Pin 10 (GPIO15/RXD0) ----> MIDI IN (via optocoupler)
Pin 9 (GND)       ---->  MIDI DIN Pin 2
Pin 26 (GPIO7)    ---->  POT1 Wiper, 0.1µF Capacitor Leg 1
Pin 29 (GPIO5)    ---->  POT1 Capacitor Leg 2, 10kΩ Resistor (to 3.3V)
Pin 31 (GPIO6)    ---->  CV1 Collector, 0.1µF Capacitor Leg 1
Pin 32 (GPIO12)   ---->  CV2 Base (via 1kΩ + 1N4148)

Notes
CV1 (Sync In): The PNP transistor inverts the 0–5V input to a 0–3.3V signal for GPIO6, with 
the 0.1µF capacitor smoothing pulses. The 1N4148 diode protects the base.

CV2 (Sync Out): GPIO12 (PWM) drives the PNP transistor to output 5V pulses (15ms, 4ppq). 
The 1N4148 diode protects the GPIO, and the 1kΩ resistor limits base current.

Capacitor Method: CV1 uses a 0.1µF capacitor for pulse detection, similar to POT1.

Safety: Use 3.3V for encoder/POT1, 5V for CV2 output only. Ensure diodes are oriented 
correctly.

5. Updated Code

All scripts are rewritten to remove LED references (GPIO22). The new midi_cv.py  handles CV1 
(sync in) and CV2 (sync out) for MIDI clock (4ppq).
midi_gpio.py

#!/usr/bin/env python3
import rtmidi
import serial
import time

class MidiGPIO:
    def __init__(self):
        # Initialize MIDI output (virtual port)
        self.midi_out = rtmidi.MidiOut()
        self.midi_out.open_virtual_port("Europi MIDI Out")
        
        # Initialize UART for MIDI
        self.serial = serial.Serial(
            port="/dev/ttyAMA0",
            baudrate=31250,
            bytesize=serial.EIGHTBITS,
            parity=serial.PARITY_NONE,
            stopbits=serial.STOPBITS_ONE
        )
        
        # Initialize MIDI input
        self.midi_in = rtmidi.MidiIn()
        self.midi_in.open_virtual_port("Europi MIDI In")
        self.midi_in.set_callback(self.midi_callback)

    def midi_callback(self, message, data):
        msg, _ = message
        print(f"Received MIDI: {msg}")

    def send_midi_note_on(self, note, velocity=127, channel=0):
        note_on = [0x90 + channel, note, velocity]
        self.midi_out.send_message(note_on)
        self.serial.write(bytes(note_on))

    def send_midi_note_off(self, note, channel=0):
        note_off = [0x80 + channel, note, 0]
        self.midi_out.send_message(note_off)
        self.serial.write(bytes(note_off))

    def send_midi_cc(self, cc_number, value, channel=0):
        cc_message = [0xB0 + channel, cc_number, value]
        self.midi_out.send_message(cc_message)
        self.serial.write(bytes(cc_message))

    def send_midi_clock(self):

python
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    def send_midi_clock(self):
        clock_message = [0xF8]
        self.midi_out.send_message(clock_message)
        self.serial.write(bytes(clock_message))

    def close(self):
        self.midi_out.close_port()
        self.midi_in.close_port()
        self.serial.close()

if __name__ == "__main__":
    midi = MidiGPIO()
    try:
        print("MIDI GPIO Test - Sending C3 note")
        midi.send_midi_note_on(48)
        time.sleep(0.5)
        midi.send_midi_note_off(48)
        time.sleep(1)
    except KeyboardInterrupt:
        print("\nExiting...")
    finally:
        midi.close()

encoder_test.py

#!/usr/bin/env python3
from gpiozero import DigitalInputDevice, Button
from time import sleep

# GPIO pins
CLK_PIN = 17  # Encoder CLK
DT_PIN = 18   # Encoder DT
SW_PIN = 27   # Encoder Switch
SW2_PIN = 23  # ON-OFF Switch

# Initialize components
clk = DigitalInputDevice(CLK_PIN, pull_up=True)
dt = DigitalInputDevice(DT_PIN, pull_up=True)
sw = Button(SW_PIN, pull_up=True, bounce_time=0.1)
sw2 = Button(SW2_PIN, pull_up=True)

# Counter and last CLK state
counter = 0
last_clk = clk.value

def on_rotation():
    global counter, last_clk
    current_clk = clk.value
    if current_clk != last_clk:
        if dt.value != current_clk:
            counter += 1
            print(f"Clockwise: Counter = {counter}")
        else:
            counter -= 1
            print(f"Counterclockwise: Counter = {counter}")
    last_clk = current_clk

def on_button_press():
    print("Encoder Button Pressed")

def on_sw2_change():
    mode = "MIDI MODE" if not sw2.is_pressed else "KEYBOARD MODE"
    print(f"SW2 Changed: {mode}")

# Set up interrupts
clk.when_activated = on_rotation
clk.when_deactivated = on_rotation
sw.when_pressed = on_button_press
sw2.when_pressed = on_sw2_change
sw2.when_released = on_sw2_change

try:
    print("Encoder Test - Rotate, press button, or toggle SW2")
    while True:
        sleep(0.01)
except KeyboardInterrupt:
    print("\nExiting...")
finally:
    clk.close()
    dt.close()
    sw.close()
    sw2.close()

python

encoder_midi_controller.py

#!/usr/bin/env python3
from gpiozero import DigitalInputDevice, Button
from midi_gpio import MidiGPIO
from pykeyboard import PyKeyboard
from time import sleep

# GPIO pins
CLK_PIN = 17  # Encoder CLK
DT_PIN = 18   # Encoder DT
SW_PIN = 27   # Encoder Switch
SW2_PIN = 23  # ON-OFF Switch

# Initialize components
clk = DigitalInputDevice(CLK_PIN, pull_up=True)
dt = DigitalInputDevice(DT_PIN, pull_up=True)
sw = Button(SW_PIN, pull_up=True, bounce_time=0.1)
sw2 = Button(SW2_PIN, pull_up=True)
midi = MidiGPIO()
keyboard = PyKeyboard()

# State variables
counter = 0
current_note = 48  # C3
last_clk = clk.value
midi_mode = not sw2.is_pressed

def on_rotation():
    global counter, current_note, last_clk
    current_clk = clk.value
    if current_clk != last_clk:
        if dt.value != current_clk:
            counter += 1
            if midi_mode:
                current_note = min(127, current_note + 1)
                print(f"Note Up: MIDI Note = {current_note}")
            else:
                keyboard.tap_key(keyboard.right_key)
                print("Right Arrow Pressed")
        else:
            counter -= 1
            if midi_mode:
                current_note = max(0, current_note - 1)
                print(f"Note Down: MIDI Note = {current_note}")
            else:
                keyboard.tap_key(keyboard.left_key)
                print("Left Arrow Pressed")
    last_clk = current_clk

def on_button_press():
    if midi_mode:
        midi.send_midi_note_on(current_note, velocity=127)
        print(f"Note On: MIDI Note = {current_note}")
    else:
        keyboard.tap_key(keyboard.enter_key)
        print("Enter Key Pressed")

def on_button_release():
    if midi_mode:
        midi.send_midi_note_off(current_note)
        print(f"Note Off: MIDI Note = {current_note}")

def on_sw2_change():
    global midi_mode
    midi_mode = not sw2.is_pressed
    mode = "MIDI MODE" if midi_mode else "KEYBOARD MODE"
    print(f"Mode Changed: {mode}")

# Set up interrupts
clk.when_activated = on_rotation
clk.when_deactivated = on_rotation
sw.when_pressed = on_button_press
sw.when_released = on_button_release
sw2.when_pressed = on_sw2_change
sw2.when_released = on_sw2_change

try:
    print("Encoder MIDI Controller - Rotate, press button, toggle SW2")
    while True:
        sleep(0.01)
except KeyboardInterrupt:
    print("\nExiting...")
finally:
    clk.close()
    dt.close()
    sw.close()
    sw2.close()
    midi.close()

python

midi_pot.py

#!/usr/bin/env python3
from gpiozero import DigitalInputDevice, DigitalOutputDevice
from midi_gpio import MidiGPIO
from time import sleep, time

# Potentiometer settings
POT_READ_PIN = 7   # GPIO7 (Pin 26)
POT_CHARGE_PIN = 5 # GPIO5 (Pin 29)
CC_NUMBER = 1      # MIDI CC#1 (Modulation)
CC_THRESHOLD = 0.02

# Initialize MIDI and GPIO
midi = MidiGPIO()
pot_read = DigitalInputDevice(POT_READ_PIN, pull_up=False)
pot_charge = DigitalOutputDevice(POT_CHARGE_PIN)

def read_pot():
    pot_charge.off()
    pot_read.wait_for_inactive(timeout=0.05)
    start_time = time()
    pot_charge.on()
    pot_read.wait_for_active(timeout=0.05)
    charge_time = time() - start_time
    min_time = 0.00001  # ~10µs
    max_time = 0.001    # ~1ms
    charge_time = min(max(charge_time, min_time), max_time)
    cc_value = int(127 * (charge_time - min_time) / (max_time - min_time))
    return cc_value

try:
    print("MIDI Potentiometer Test - Adjust POT1 to send CC#1")
    last_cc_value = -1
    while True:
        cc_value = read_pot()
        if abs(cc_value - last_cc_value) > CC_THRESHOLD * 127:
            midi.send_midi_cc(CC_NUMBER, cc_value)
            print(f"MIDI CC#{CC_NUMBER}: {cc_value}")
            last_cc_value = cc_value
        sleep(0.05)
except KeyboardInterrupt:
    print("\nExiting...")
finally:
    pot_read.close()
    pot_charge.close()
    midi.close()

python

midi_cv.py

#!/usr/bin/env python3
from gpiozero import DigitalInputDevice, PWMOutputDevice
from midi_gpio import MidiGPIO
from time import sleep, time

# CV settings
CV1_READ_PIN = 6   # GPIO6 (Pin 31, Sync In)
CV2_PWM_PIN = 12   # GPIO12 (Pin 32, Sync Out, PWM)
PULSE_DURATION = 0.015  # 15ms pulse
BPM_DEFAULT = 120  # Default internal clock (BPM)
PPQ = 4  # Pulses per quarter note

# Initialize MIDI and GPIO
midi = MidiGPIO()
cv1_read = DigitalInputDevice(CV1_READ_PIN, pull_up=False)
cv2_pwm = PWMOutputDevice(CV2_PWM_PIN, frequency=1000, duty_cycle=0)

def send_sync_pulse():
    """Send 15ms 5V pulse on CV2"""
    cv2_pwm.value = 1.0  # Full duty cycle (5V via transistor)
    sleep(PULSE_DURATION)
    cv2_pwm.value = 0.0

def internal_clock(bpm=BPM_DEFAULT):
    """Calculate pulse interval for 4ppq"""
    quarter_note_interval = 60.0 / bpm  # Seconds per quarter note
    pulse_interval = quarter_note_interval / PPQ  # Seconds per pulse
    return pulse_interval

try:
    print("MIDI CV Sync - CV1 for sync in, CV2 for sync out (4ppq)")
    last_pulse_time = 0
    use_internal_clock = True
    pulse_interval = internal_clock()
    
    while True:
        # Check CV1 for incoming sync pulses
        if cv1_read.value:  # Detect rising edge
            use_internal_clock = False  # Override internal clock
            midi.send_midi_clock()  # Send MIDI clock (0xF8)
            send_sync_pulse()  # Mirror pulse on CV2
            print("CV1 Sync Pulse Received")
            sleep(0.01)  # Debounce
            while cv1_read.value:  # Wait for pulse to end
                sleep(0.001)
        
        # Use internal clock if no CV1 input
        if use_internal_clock:
            current_time = time()
            if current_time - last_pulse_time >= pulse_interval:
                midi.send_midi_clock()
                send_sync_pulse()
                print("Internal Clock Pulse")
                last_pulse_time = current_time
        sleep(0.001)  # Reduce CPU usage
except KeyboardInterrupt:
    print("\nExiting...")
finally:
    cv1_read.close()
    cv2_pwm.close()
    midi.close()

python

6. How the Scripts Work

midi_gpio.py:

Adds send_midi_cc  and send_midi_clock  methods.

Sends MIDI messages to virtual port and UART.

encoder_test.py:

Tests encoder (GPIO17, 18, 27) and SW2 (GPIO23).

Removed LED (GPIO22).

encoder_midi_controller.py:

MIDI MODE: Encoder adjusts MIDI note (C3/48 start), button sends note-on/off.

KEYBOARD MODE: Encoder sends left/right arrows, button sends Enter.

SW2 (GPIO23) toggles modes.

Removed LED.

midi_pot.py:

Reads POT1 (GPIO7, GPIO5, 0.1µF) via capacitor method.

Sends CC#1 (Modulation).

Removed LED.

midi_cv.py:

CV1 (GPIO6): Detects 0–5V sync pulses (4ppq) via PNP transistor and 0.1µF capacitor. 
Sends MIDI clock (0xF8) and mirrors pulses to CV2.

CV2 (GPIO12): Outputs 5V, 15ms pulses (4ppq) using PWM via PNP transistor.

Sync Logic: Uses internal clock (120 BPM, 4ppq) if CV1 is inactive; switches to CV1 input 
when pulses are detected.

Sends MIDI clock messages to “Europi MIDI Out” for DAW sync.

7. Running the Scripts

Test MIDI:

cd Europi
python3 midi_gpio.py

bash

Sends a C3 note. Exit with Ctrl+C .

Test Encoder:

python3 encoder_test.py

bash

Tests rotation, button, SW2. Exit with Ctrl+C .

Test Potentiometer:

python3 midi_pot.py

bash

Sends CC#1 when POT1 is adjusted. Exit with Ctrl+C .

Test CV Sync:

python3 midi_cv.py

bash

CV1: Connect 0–5V sync pulses to override internal clock.

CV2: Outputs 5V, 15ms pulses (4ppq).

Sends MIDI clock to DAW. Exit with Ctrl+C .

Run MIDI Controller:

python3 encoder_midi_controller.py

bash

MIDI MODE: Adjusts notes, sends note-on/off.

KEYBOARD MODE: Sends arrows/Enter.

Exit with Ctrl+C .

DAW Setup:

Open DAW (e.g., Ardour, Reaper).

Select “Europi MIDI Out” for MIDI input.

Assign CC#1 (POT1), notes (encoder), or clock (CV1/CV2) to parameters.

Sync DAW tempo to MIDI clock (0xF8) from midi_cv.py .

8. Troubleshooting

No MIDI Output:

Verify UART ( /dev/ttyAMA0 ) and MIDI circuit (GPIO14/15).

Check DAW MIDI input (“Europi MIDI Out”).

Test midi_gpio.py .

CV1 Issues:

Verify wiring: GPIO6 (Pin 31), 0.1µF capacitor, PNP transistor (BC557), 1N4148 diode.

Ensure 0–5V pulses; adjust capacitor (e.g., 0.01µF) if detection fails.

CV2 Issues:

Verify GPIO12 (Pin 32), PNP transistor, 1N4148 diode, 5V supply (Pin 2).

Check 15ms pulse duration with a multimeter or oscilloscope.

POT1 Issues:

Verify GPIO7 (Pin 26), GPIO5 (Pin 29), 0.1µF capacitor, 10kΩ resistor.

Calibrate min_time / max_time  by printing charge_time .

Encoder/SW2:

Check GPIO17, 18, 27 (encoder), GPIO23 (SW2).

Add 10kΩ pull-ups if noisy.

Permissions:

Confirm gpio , dialout  groups:

groups | grep -E 'gpio|dialout'

bash

Reinstall libraries:

sudo apt install python3-gpiozero python3-lgpio python3-rtmidi python3-pykeyboard -y

bash

9. Notes

CV1/CV2:

CV1 detects 0–5V pulses (4ppq) via capacitor timing, limited to ~8-bit precision.

CV2 uses PWM for precise 15ms pulses, amplified to 5V via PNP transistor.

MIDI clock (0xF8) integrates with DAW tempo sync.

Capacitor Method: Less accurate than an ADC; calibrate timings if needed.

MIDI Clock: Default 120 BPM (adjustable in midi_cv.py ). CV1 overrides when active.

GPIO Usage:

Encoder: GPIO17, 18, 27.

SW2: GPIO23.

POT1: GPIO5, 7.

CV1: GPIO6.

CV2: GPIO12.

MIDI: GPIO14, 15.

References:

gpiozero : https://gpiozero.readthedocs.io/

rtmidi : https://python-rtmidi.readthedocs.io/

Pi 5 UART: https://www.raspberrypi.com/documentation/computers/raspberry-
pi.html#uart

MIDI Clock: https://midi.org/specs

Capacitor ADC: https://www.raspberrypi-spy.co.uk/2012/08/reading-analogue-sensors-
with-one-gpio-pin/

Let me know if you need integration of CV1/CV2 with encoder_midi_controller.py  or further 
refinements!

create an internal midi group, that includes all internal midi 
GPIO, and call it Europi Midi, so when selecting it with a DAW, 
the DAW can see the Midi in, out, the encoder midi controller, 
that by default is assigned to Midi OMNI , C3, and triggers the 
DAW MIDI input, and if midi out is selected, send it to the out. 
And the midi pot, unassigned, but by default assigned to CC #7 
of the DAW.

To meet your requirements, I’ll enhance the Europi  project on a Raspberry Pi 5 running 64-bit 
Raspberry Pi OS (Bookworm) by creating an internal MIDI group named Europi Midi. This group 
will consolidate all MIDI-related functionalities (MIDI In/Out via GPIO UART, encoder MIDI 
controller, potentiometer MIDI CC, and CV sync) into a single virtual MIDI port, making it easily 
selectable in any DAW (e.g., Ardour, Reaper). The encoder MIDI controller will default to MIDI OMNI 
(all channels), starting at note C3 (MIDI note 48), triggering the DAW’s MIDI input, and sending to 
MIDI Out if selected. The potentiometer (POT1) will be unassigned but default to CC#7 (Volume) 
for the DAW. The CV inputs (CV1, CV2) will continue handling MIDI clock sync (4ppq). I’ll update 
the project structure, rewrite scripts to use a unified MIDI port, and adjust configurations to meet 
these specifications, ensuring compatibility with the RP1 chip using gpiozero  and lgpio .

Key Changes

Europi Midi Group: A single virtual MIDI port ( Europi Midi ) for In/Out, consolidating:

MIDI In/Out via GPIO14 (TXD0) and GPIO15 (RXD0).

Encoder MIDI controller: OMNI mode, C3 (note 48), triggers DAW input, sends to Out if 
selected.

POT1: Unassigned, defaults to CC#7 (Volume).

CV1/CV2: MIDI clock sync (4ppq, CV1 in, CV2 out).

LED Removal: Already removed in previous scripts.

Scripts: Updated to use the Europi Midi  port. midi_gpio.py  is renamed to 
midi_handler.py  for clarity, managing the unified port.

DAW Integration: The DAW sees one MIDI device ( Europi Midi ) for all inputs/outputs.

No New Hardware: Reuses existing circuit (encoder, SW2, POT1, CV1, CV2).

1. Project Structure

The Europi  directory is updated to reflect the new MIDI group and renamed midi_gpio.py  to 
midi_handler.py  for clarity.

Hierarchy Tree

Europi/
├── midi_handler.py
├── encoder_test.py
├── encoder_midi_controller.py
├── midi_pot.py
├── midi_cv.py

Setup Directory

mkdir -p Europi
cd Europi
touch midi_handler.py encoder_test.py encoder_midi_controller.py midi_pot.py midi_cv.py

bash

2. Prerequisites

Hardware (unchanged):

Raspberry Pi 5 (4GB or 8GB).

10kΩ linear potentiometer (POT1).

0.1µF capacitor (POT1, CV1).

10kΩ resistor (POT1, CV1), 1kΩ resistor (CV2).

Rotary encoder (KY-040).

ON-OFF switch (SW2).

CV1 (Sync In): PNP transistor (BC557), 1N4148 diode.

CV2 (Sync Out): PNP transistor (BC557), 1N4148 diode.

Breadboard, jumper wires.

Optional: 10kΩ pull-ups for noise.

Software:

Raspberry Pi OS 64-bit (Bookworm, May 27, 2025).

Python 3 (pre-installed).

Libraries: python3-gpiozero , python3-lgpio , python3-rtmidi , python3-
pykeyboard .

MIDI:

GPIO14 (TXD0, Pin 8) and GPIO15 (RXD0, Pin 10).

Unified virtual port: Europi Midi .

Encoder: OMNI, C3 (note 48).

POT1: CC#7 (Volume, unassigned).

CV1/CV2: MIDI clock (4ppq).

3. Installation Instructions

No new libraries are needed.

https://gpiozero.readthedocs.io/
https://python-rtmidi.readthedocs.io/
https://www.raspberrypi.com/documentation/computers/raspberry-pi.html#uart
https://midi.org/specs
https://www.raspberrypi-spy.co.uk/2012/08/reading-analogue-sensors-with-one-gpio-pin/


Step 1: Verify Libraries

dpkg -l | grep -E 'python3-gpiozero|python3-lgpio|python3-rtmidi|python3-pykeyboard'

bash

Expected (versions may vary):

ii  python3-gpiozero 2.0.0-1 arm64
ii  python3-lgpio    0.2.2-1 arm64
ii  python3-rtmidi   1.4.9-1 arm64
ii  python3-pykeyboard 0.1.7-1 arm64

Reinstall if missing:

sudo apt install python3-gpiozero python3-lgpio python3-rtmidi python3-pykeyboard -y

bash

Step 2: Update System

sudo apt update
sudo apt full-upgrade -y

bash

Step 3: Verify Permissions

sudo usermod -a -G gpio,dialout $USER
sudo reboot

bash

Step 4: Verify UART
Confirm /dev/ttyAMA0 :

ls /dev/ttyAMA*

bash

If missing, add to /boot/firmware/config.txt :

enable_uart=1
dtoverlay=uart0

Reboot:

sudo nano /boot/firmware/config.txt
sudo reboot

bash

Step 5: Verify GPIO

gpioinfo | grep gpiochip4

bash

4. Circuit Diagram

The circuit is unchanged from the previous setup (no LED, includes encoder, SW2, POT1, CV1, 
CV2).
Wiring

Encoder:

GND: Pin 6.

VCC: Pin 1 (3.3V).

CLK: GPIO17 (Pin 11).

DT: GPIO18 (Pin 12).

SW: GPIO27 (Pin 13).

SW2:

GPIO23 (Pin 16) to Pin 20 (GND).

POT1 (10kΩ):

VCC: Pin 1 (3.3V).

GND: Pin 6.

Wiper: GPIO7 (Pin 26), 0.1µF capacitor leg 1.

Capacitor: Other leg to GPIO5 (Pin 29).

10kΩ Resistor: GPIO5 to Pin 1.

CV1 (Sync In):

PNP (BC557):

Emitter: Pin 1 (3.3V) via 10kΩ.

Base: CV1 input via 1N4148 (cathode to input).

Collector: GPIO6 (Pin 31), 0.1µF capacitor leg 1.

Capacitor: Other leg to Pin 6.

CV2 (Sync Out):

PNP (BC557):

Emitter: Pin 2 (5V).

Base: GPIO12 (Pin 32, PWM) via 1kΩ, 1N4148 (anode to GPIO12).

Collector: CV2 output.

10kΩ: Base to Pin 2.

MIDI:

OUT: GPIO14 (TXD0, Pin 8) via 220Ω, optocoupler.

IN: GPIO15 (RXD0, Pin 10) via optocoupler.

GND: Pin 9.

Notes
CV1 detects 0–5V sync pulses (4ppq).

CV2 outputs 5V, 15ms pulses (4ppq).

Use 3.3V for encoder/POT1, 5V for CV2 output.

5. Updated Code

All scripts are updated to use the Europi Midi  virtual port. midi_gpio.py  is renamed to 
midi_handler.py . The encoder defaults to OMNI (all channels), C3 (note 48), and POT1 to CC#7 

(Volume).

midi_handler.py

#!/usr/bin/env python3
import rtmidi
import serial
import time

class MidiHandler:
    def __init__(self):
        # Single virtual MIDI port for In/Out
        self.midi_out = rtmidi.MidiOut()
        self.midi_out.open_virtual_port("Europi Midi")
        
        # UART for MIDI (GPIO14/TXD0, GPIO15/RXD0)
        self.serial = serial.Serial(
            port="/dev/ttyAMA0",
            baudrate=31250,
            bytesize=serial.EIGHTBITS,
            parity=serial.PARITY_NONE,
            stopbits=serial.STOPBITS_ONE
        )
        
        # MIDI input
        self.midi_in = rtmidi.MidiIn()
        self.midi_in.open_virtual_port("Europi Midi")
        self.midi_in.set_callback(self.midi_callback)

    def midi_callback(self, message, data):
        msg, _ = message
        print(f"Received MIDI: {msg}")
        # Echo to MIDI Out if selected
        self.midi_out.send_message(msg)
        self.serial.write(bytes(msg))

    def send_midi_note_on(self, note, velocity=127, channel=0):
        note_on = [0x90 + channel, note, velocity]
        self.midi_out.send_message(note_on)
        self.serial.write(bytes(note_on))

    def send_midi_note_off(self, note, channel=0):
        note_off = [0x80 + channel, note, 0]
        self.midi_out.send_message(note_off)
        self.serial.write(bytes(note_off))

    def send_midi_cc(self, cc_number, value, channel=0):
        cc_message = [0xB0 + channel, cc_number, value]
        self.midi_out.send_message(cc_message)
        self.serial.write(bytes(cc_message))

    def send_midi_clock(self):
        clock_message = [0xF8]
        self.midi_out.send_message(clock_message)
        self.serial.write(bytes(clock_message))

    def close(self):
        self.midi_out.close_port()
        self.midi_in.close_port()
        self.serial.close()

if __name__ == "__main__":
    midi = MidiHandler()
    try:
        print("MIDI Handler Test - Sending C3 note")
        midi.send_midi_note_on(48)
        time.sleep(0.5)
        midi.send_midi_note_off(48)
        time.sleep(1)
    except KeyboardInterrupt:
        print("\nExiting...")
    finally:
        midi.close()

python

encoder_test.py

#!/usr/bin/env python3
from gpiozero import DigitalInputDevice, Button
from time import sleep

# GPIO pins
CLK_PIN = 17  # Encoder CLK
DT_PIN = 18   # Encoder DT
SW_PIN = 27   # Encoder Switch
SW2_PIN = 23  # ON-OFF Switch

# Initialize components
clk = DigitalInputDevice(CLK_PIN, pull_up=True)
dt = DigitalInputDevice(DT_PIN, pull_up=True)
sw = Button(SW_PIN, pull_up=True, bounce_time=0.1)
sw2 = Button(SW2_PIN, pull_up=True)

# Counter and last CLK state
counter = 0
last_clk = clk.value

def on_rotation():
    global counter, last_clk
    current_clk = clk.value
    if current_clk != last_clk:
        if dt.value != current_clk:
            counter += 1
            print(f"Clockwise: Counter = {counter}")
        else:
            counter -= 1
            print(f"Counterclockwise: Counter = {counter}")
    last_clk = current_clk

def on_button_press():
    print("Encoder Button Pressed")

def on_sw2_change():
    mode = "MIDI MODE" if not sw2.is_pressed else "KEYBOARD MODE"
    print(f"SW2 Changed: {mode}")

# Set up interrupts
clk.when_activated = on_rotation
clk.when_deactivated = on_rotation
sw.when_pressed = on_button_press
sw2.when_pressed = on_sw2_change
sw2.when_released = on_sw2_change

try:
    print("Encoder Test - Rotate, press button, or toggle SW2")
    while True:
        sleep(0.01)
except KeyboardInterrupt:
    print("\nExiting...")
finally:
    clk.close()
    dt.close()
    sw.close()
    sw2.close()

python

encoder_midi_controller.py

#!/usr/bin/env python3
from gpiozero import DigitalInputDevice, Button
from midi_handler import MidiHandler
from pykeyboard import PyKeyboard
from time import sleep

# GPIO pins
CLK_PIN = 17  # Encoder CLK
DT_PIN = 18   # Encoder DT
SW_PIN = 27   # Encoder Switch
SW2_PIN = 23  # ON-OFF Switch

# Initialize components
clk = DigitalInputDevice(CLK_PIN, pull_up=True)
dt = DigitalInputDevice(DT_PIN, pull_up=True)
sw = Button(SW_PIN, pull_up=True, bounce_time=0.1)
sw2 = Button(SW2_PIN, pull_up=True)
midi = MidiHandler()
keyboard = PyKeyboard()

# State variables
counter = 0
current_note = 48  # C3
last_clk = clk.value
midi_mode = not sw2.is_pressed

def on_rotation():
    global counter, current_note, last_clk
    current_clk = clk.value
    if current_clk != last_clk:
        if dt.value != current_clk:
            counter += 1
            if midi_mode:
                current_note = min(127, current_note + 1)
                print(f"Note Up: MIDI Note = {current_note}")
        else:
            counter -= 1
            if midi_mode:
                current_note = max(0, current_note - 1)
                print(f"Note Down: MIDI Note = {current_note}")
            else:
                keyboard.tap_key(keyboard.left_key)
                print("Left Arrow Pressed")
    last_clk = current_clk

def on_button_press():
    if midi_mode:
        # OMNI: Send on all channels (0–15)
        for channel in range(16):
            midi.send_midi_note_on(current_note, velocity=127, channel=channel)
        print(f"Note On: MIDI Note = {current_note} (OMNI)")
    else:
        keyboard.tap_key(keyboard.enter_key)
        print("Enter Key Pressed")

def on_button_release():
    if midi_mode:
        for channel in range(16):
            midi.send_midi_note_off(current_note, channel=channel)
        print(f"Note Off: MIDI Note = {current_note} (OMNI)")

def on_sw2_change():
    global midi_mode
    midi_mode = not sw2.is_pressed
    mode = "MIDI MODE" if midi_mode else "KEYBOARD MODE"
    print(f"Mode Changed: {mode}")

# Set up interrupts
clk.when_activated = on_rotation
clk.when_deactivated = on_rotation
sw.when_pressed = on_button_press
sw.when_released = on_button_release
sw2.when_pressed = on_sw2_change
sw2.when_released = on_sw2_change

try:
    print("Encoder MIDI Controller - Rotate, press button, toggle SW2")
    while True:
        sleep(0.01)
except KeyboardInterrupt:
    print("\nExiting...")
finally:
    clk.close()
    dt.close()
    sw.close()
    sw2.close()
    midi.close()

python

midi_pot.py

#!/usr/bin/env python3
from gpiozero import DigitalInputDevice, DigitalOutputDevice
from midi_handler import MidiHandler
from time import sleep, time

# Potentiometer settings
POT_READ_PIN = 7   # GPIO7 (Pin 26)
POT_CHARGE_PIN = 5 # GPIO5 (Pin 29)
CC_NUMBER = 7      # MIDI CC#7 (Volume)
CC_THRESHOLD = 0.02

# Initialize MIDI and GPIO
midi = MidiHandler()
pot_read = DigitalInputDevice(POT_READ_PIN, pull_up=False)
pot_charge = DigitalOutputDevice(POT_CHARGE_PIN)

def read_pot():
    pot_charge.off()
    pot_read.wait_for_inactive(timeout=0.05)
    start_time = time()
    pot_charge.on()
    pot_read.wait_for_active(timeout=0.05)
    charge_time = time() - start_time
    min_time = 0.00001
    max_time = 0.001
    charge_time = min(max(charge_time, min_time), max_time)
    cc_value = int(127 * (charge_time - min_time) / (max_time - min_time))
    return cc_value

try:
    print("MIDI Potentiometer Test - Adjust POT1 to send CC#7")
    last_cc_value = -1
    while True:
        cc_value = read_pot()
        if abs(cc_value - last_cc_value) > CC_THRESHOLD * 127:
            midi.send_midi_cc(CC_NUMBER, cc_value)
            print(f"MIDI CC#{CC_NUMBER}: {cc_value}")
            last_cc_value = cc_value
        sleep(0.05)
except KeyboardInterrupt:
    print("\nExiting...")
finally:
    pot_read.close()
    pot_charge.close()
    midi.close()

python

midi_cv.py

#!/usr/bin/env python3
from gpiozero import DigitalInputDevice, PWMOutputDevice
from midi_handler import MidiHandler
from time import sleep, time

# CV settings
CV1_READ_PIN = 6   # GPIO6 (Pin 31, Sync In)
CV2_PWM_PIN = 12   # GPIO12 (Pin 32, Sync Out, PWM)
PULSE_DURATION = 0.015  # 15ms pulse
BPM_DEFAULT = 120  # Default internal clock
PPQ = 4  # Pulses per quarter note

# Initialize MIDI and GPIO
midi = MidiHandler()
cv1_read = DigitalInputDevice(CV1_READ_PIN, pull_up=False)
cv2_pwm = PWMOutputDevice(CV2_PWM_PIN, frequency=1000, duty_cycle=0)

def send_sync_pulse():
    cv2_pwm.value = 1.0
    sleep(PULSE_DURATION)
    cv2_pwm.value = 0.0

def internal_clock(bpm=BPM_DEFAULT):
    quarter_note_interval = 60.0 / bpm
    pulse_interval = quarter_note_interval / PPQ
    return pulse_interval

try:
    print("MIDI CV Sync - CV1 for sync in, CV2 for sync out (4ppq)")
    last_pulse_time = 0
    use_internal_clock = True
    pulse_interval = internal_clock()
    
    while True:
        if cv1_read.value:
            use_internal_clock = False
            midi.send_midi_clock()
            send_sync_pulse()
            print("CV1 Sync Pulse Received")
            sleep(0.01)
            while cv1_read.value:
                sleep(0.001)
        if use_internal_clock:
            current_time = time()
            if current_time - last_pulse_time >= pulse_interval:
                midi.send_midi_clock()
                send_sync_pulse()
                print("Internal Clock Pulse")
                last_pulse_time = current_time
        sleep(0.001)
except KeyboardInterrupt:
    print("\nExiting...")
finally:
    cv1_read.close()
    cv2_pwm.close()
    midi.close()

python

6. How It Works

midi_handler.py:

Creates a single virtual MIDI port ( Europi Midi ) for In/Out.

Echoes MIDI In to Out (if selected in DAW).

Supports note-on/off, CC, and clock messages.

encoder_test.py:

Tests encoder (GPIO17, 18, 27) and SW2 (GPIO23).

No MIDI or LED.

encoder_midi_controller.py:

MIDI MODE: Encoder adjusts note (C3/48 start), button sends note-on/off on all 
channels (OMNI). Triggers DAW input and MIDI Out.

KEYBOARD MODE: Encoder sends left/right arrows, button sends Enter.

SW2 (GPIO23) toggles modes.

midi_pot.py:

Reads POT1 (GPIO5, 7, 0.1µF) via capacitor method.

Sends CC#7 (Volume, unassigned but default).

midi_cv.py:

CV1 (GPIO6): Detects 0–5V sync pulses (4ppq), sends MIDI clock (0xF8).

CV2 (GPIO12): Outputs 5V, 15ms pulses (4ppq).

Internal clock (120 BPM) if CV1 inactive.

7. Running the Scripts

Test MIDI:

cd Europi
python3 midi_handler.py

bash

Test Encoder:

python3 encoder_test.py

bash

Test Potentiometer:

python3 midi_pot.py

bash

Test CV Sync:

python3 midi_cv.py

bash

Run MIDI Controller:

python3 encoder_midi_controller.py

bash

DAW Setup:

Open DAW (e.g., Ardour, Reaper).

Select Europi Midi  as MIDI In/Out device.

Encoder: Triggers notes (C3, OMNI) on MIDI In, sent to Out if enabled.

POT1: Sends CC#7 (Volume), assignable to any parameter.

CV1/CV2: Syncs DAW tempo via MIDI clock (0xF8).

Map CC#7 or notes in DAW’s MIDI learn mode.

8. Troubleshooting

No MIDI:

Verify UART ( /dev/ttyAMA0 ), GPIO14/15 wiring.

Check DAW for Europi Midi .

Test midi_handler.py .

Encoder Issues:

Verify GPIO17, 18, 27, SW2 (GPIO23).

Add 10kΩ pull-ups if noisy.

POT1 Issues:

Check GPIO5, 7, 0.1µF capacitor.

Calibrate min_time / max_time .

CV1/CV2 Issues:

Verify GPIO6 (CV1), GPIO12 (CV2), PNP transistors, 1N4148 diodes.

Test CV1 pulses (0–5V), CV2 output (5V, 15ms).

Permissions:

Confirm gpio , dialout  groups:

groups | grep -E 'gpio|dialout'

bash

Reinstall libraries:

sudo apt install python3-gpiozero python3-lgpio python3-rtmidi python3-pykeyboard -y

bash



9. Notes

Europi Midi: Unifies all MIDI I/O, simplifying DAW integration.

Encoder: OMNI mode sends notes on all channels, ensuring DAW compatibility.

POT1: CC#7 (Volume) is unassigned but mappable in DAW.

CV Sync: 4ppq, integrates with DAW clock.

GPIO: 5, 6, 7, 12, 14, 15, 17, 18, 23, 27 (all unique).

References:

gpiozero : https://gpiozero.readthedocs.io/

rtmidi : https://python-rtmidi.readthedocs.io/

MIDI Specs: https://midi.org/specs

Let me know if you need further integration or adjustments!

learn about MIDI clock explore MIDI channels

Ask anything
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