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A. Introduction and Setup

Getting Started with the Metro M4 board and CircuitPython

e Open the Mu IDE
e Click Mode, and select Adafruit CircuitPython
e C(Click New to start a new file (but do not save it yet)

Our First Program — Blinking LED’s

©® select Mode

Please select the desired mode then click "OK". Otherwise, click "Cancel’.

reuitPython
ircuitPython on Adafruit's line of boards.

A
Us

bit
Write MicroPython for the BBC microibit,
@) PYoame Zero
@D ke games with pygame Zero.

F Python 3
Create code using standard Python 3,

Change mode at any time by clicking the "Mode" button containing Mu's logo.

ok

import time
import board
import neopixel

dot = neopixel.NeoPixel(board.NEOPIXEL, 1, brightness=0.2)

while True:
dot[0] = (100,0,0)
time.sleep(0.5)
dot[0] = (0,0,100)
time.sleep(0.5)

Save the File to the Metro M4 Airlift

e C(lick the Save button
o Select the CIRCUITPY folder (that should be automatic)
e Enter the filename code.py.

w CIRCUITPY ()
w USB Drive (K3)
¥ Network

MNahhia | inhte

File name: | code.py

Save as type: |All Files (¥)

~ Hide Folders
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B. Shields

Sensor Shield

cut out y =N .\u.?;—w -
v.-.;. ] ?

&7 * & Sensor shields are normally powered by 5V. However, all
W= vz ON DIGITAL (PHH- =
; I ‘ 4 | Metro M4 sensors are powered by 3.3V (that is, 3V logic).

VLY 8 ... H £ Therefore, the 5V pin on the underside of the shield must be
® cut, and a wire placed between the 3V3 and 5V pins.

When used with a Motor Shield the top left corner must be

YFROBOT “"Fsum = cut out as shown, to allow access to the Servo pins on the

© 2014 o). N .
con DGR " * - * = | Motor Shield.

"‘ TXRX - + U & e e R ,-‘:-,I
1 D Qoo0LL
Qo  ICHNE

POHER  ANALOG IN
T TEREEEEL

(9}
0«
Qq

The motor shield can control up to 4 motors of between 5
and 12V, and two 5V servos.

4

It can be powered by the Metro M4 board (up to 9V) or an
external battery (5-12V). If you would like to have a single
DC power supply for the Metro M4 and motors simply plug it
into the DC jack on the Metro M4 or the 2-pin power
terminal block on the shield. Place the VIN jumper on the
motor shield.

000000
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000000
000000 @«
wWO00000 ©o
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3000000 ©-

82

w.

- Opwp

5-12U motorg A B =m For separate power supplies, take off the VIN jumper.
Pover —> n -

The board logic is set to be powered by 5V. For use with 3.3v processors, you must configure the board for 3.3v logic
levels. Find the set of 3 pads labelled "Logic". Cut the small trace between the centre pad and 5v and add a jumper
(i.e. solder) from 3.3v to the centre.

The base 12C address of the motor shield is 0x60 and the call all address is 0x70. This means that any other 12C
devices must use different addresses.

Motor shields can be stacked to drive more motors. See https://learn.adafruit.com/adafruit-motor-shield-v2-for-
arduino/overview for information.
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C. Digital Sensor Input

Digital sensors have only two values — on or off (True or False). There are many digital sensors including:

&

button, toggle and push switches

tracker sensors

tilt sensors

e
=53 hall effect (magnetic) sensors

import time
import board
from digitalio import DigitalInOut, Direction, Pull

switch = DigitalInOut(board.D2)
switch.direction = Direction.INPUT
switch.pull = Pull.DOWN

while True:
if not switch.value:

print('Switch value = False')
else:

print('Switch value = True')
time.sleep(@.1)

Wiring diagram for simple switch (with pull-down resistor - https://www.arduino.cc/en/Tutorial/BuiltinExamples/Button )

WW- o’ o—
O =] 0co00000 ©coo0oo0o0o0 oo
& s 1= 9 PE 5 43218
] .
BEE EF OE
« Arduino i
oigizal in/ut —ad - Aol - Puig
o DPiecimila i
Arduino
Analog 1
aa o nlt;dso
I Dclufcuucl co0oo0000
[
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https://www.arduino.cc/en/Tutorial/BuiltInExamples/Button

D. Digital Output

Digital output devices include:

External LED lights

Electromagnets

The following code blinks the built-in red LED.

import time
import board

from digitalio import DigitalInOut, Direction

led = DigitalInOut(board.D13)
led.direction = Direction.OUTPUT

while True:
led.value = True
time.sleep(l)
led.value = False
time.sleep(l)
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E. Analog Sensor Input

Analog sensors take a wide range of readings rather than simply on or off. These include:

éﬁ

potentiometers

light sensors (photoresistors)

soil moisture meters and rain detectors

Break beam sensors are also better handled as an analog sensor.

import time
import board
from analogio import AnalogIn

analog_in = AnalogIn(board.Al)

while True:
analog_value = analog_in.value / 65.536
print('Analog value = ',analog_value)

time.sleep(@.1)
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F. Ultrasonic Sensor

RCUL -1 601 g

import time
import board
import adafruit_hcsro4

sonar = adafruit_hcsr@4.HCSRO4(trigger_pin=board.D4, echo_pin=board.D5)
distance = 999

def get_sonar():
d = 999
try:
d = sonar.distance
except RuntimeError:
pass
return d

while True:
distance = get_sonar()
print((distance,))

time.sleep(0.5)

8|Page




G. Displays

1. 4-Digit 7-Segment Display
https://www.adafruit.com/product/881

Alternative: https://www.aliexpress.com/item/4-Digit-7-Segment-0-56-LED-Display-
Module-HT16K33-12C/32870095723.html

Unfortunately, the default 12C address of these displays is 0x70, which is the same as the Motor Shield.

See https://learn.adafruit.com/adafruit-led-backpack/changing-i2c-address for information on changing the address. The
code below assumes the address has been changed to 0x72.

import time

import board

import busio

from adafruit_ht16k33 import segments

i2c = board.I2CQ)

display = segments.Seg7x4(i2c, address = 0x72)
display.fill(@)

while True:
display.fill(@)
display.print(42)
time.sleep(@.5)
display.fill(@)
display.print(str(65.4)) #convert float to str to display
time.sleep(@.5)

https://learn.adafruit.com/micropython-hardware-led-backpacks-and-featherwings
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https://www.adafruit.com/product/881
https://www.aliexpress.com/item/4-Digit-7-Segment-0-56-LED-Display-Module-HT16K33-I2C/32870095723.html
https://www.aliexpress.com/item/4-Digit-7-Segment-0-56-LED-Display-Module-HT16K33-I2C/32870095723.html
https://learn.adafruit.com/adafruit-led-backpack/changing-i2c-address
https://learn.adafruit.com/micropython-hardware-led-backpacks-and-featherwings

2. Monochrome 0.96" 128x64 OLED Graphic Display (12C) (or larger sizes)
https://www.adafruit.com/product/326

Alternative: www.aliexpress.com/item/0-96-Inch-12¢c-1IC-Serial-12864-128X64-OLed-
Yellow-Blue-LCD-LED-Display-Module-for/32896071267.html

import time

import board

import displayio

import terminalio

from adafruit_display_text import label
import adafruit_displayio_ssd1306

displayio.release_displays()

i2c = board.I2CQ)
display_bus = displayio.I2CDisplay(i2c, device_address=0x3C) #, reset=oled_reset)

WIDTH = 128
HEIGHT = o4
BORDER = 5

display = adafruit_displayio_ssd1306.SSD1306(display_bus, width=WIDTH, height=HEIGHT)

# Make the display context
splash = displayio.Group(max_size=10)
display.show(splash)

text = "Hello World! " + str(i)
text_area = label.Label(

terminalio.FONT, text=text, color=0xFFFFFF, x=28, y=HEIGHT // 2 - 1)
splash.append(text_area)

1 =100
while True:
i-=1

text_area.text = "Hello World! " + str(i)
time.sleep(l)

For more detailed code examples see https://learn.adafruit.com/monochrome-oled-breakouts
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https://www.adafruit.com/product/326
http://www.aliexpress.com/item/0-96-Inch-I2c-IIC-Serial-12864-128X64-OLed-Yellow-Blue-LCD-LED-Display-Module-for/32896071267.html
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https://learn.adafruit.com/monochrome-oled-breakouts

H. Servos

Most servo’s have three wires — brown, red and yellow. To connect the servo:

e Brown/black wire to GND
e Red middle wire to 5V
e Yellow/orange wire to D9, D10 or any other digital pin.

Most servos move 180° except continuous rotation servos that complete a full rotation like a motor.

A continuous rotation servo has 360° of motion. It is connected in the same
way as a regular servo. However, the values assigned to the servo.angle
variable mean different things:

e 0 Full power backwards
e 90 Motor stopped
e 180 Full power forwards

Connect to the Motor Shield

Two servos can be plugged into the Motor Shield (using pins D9 and D10)
and supplied with 5V power.

w
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See https://learn.adafruit.com/adafruit-motor-shield-v2-for-arduino/overview
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https://learn.adafruit.com/adafruit-motor-shield-v2-for-arduino/overview

Servo Code

import time

import board

import pulseio

from adafruit_motor import servo

# create PWMOut and servo objects on Pin D9.
pwml = pulseio.PWMOut(board.D9, duty_cycle=2 ** 15, frequency=50)

servol = servo.Servo(pwml)

pwm2 =
servo2 = servo.Servo(pwm2)
while True:
servol.angle = 10
servo2.angle = 10

time.sleep(2)
servol.angle = 170
servoZ.angle = 170
time.sleep(2)

pulseio.PWMOut(board.D1@, duty_cycle=2 ** 15, frequency=50)

Connect to a PCA9685 Servo Shield Module (16-Channel 12C interface)

I~ ®F% pragsess
= se™ =16 x 12-bit PUM

= 150A ™ P ) 8 2L P P
mc&::’:é ]

# SPDX-FileCopyrightText: 2021 ladyada for Adafruit Industries

# SPDX-License-Identifier: MIT

"""Simple test for a standard servo on channel @ and a continuous rotation servo on

channel 1."""
import time
from adafruit_servokit import ServoKit

# Set channels to the number of servo channels on your kit.

kit = ServoKit(channels=16)

kit.servo[@].angle = 180
kit.continuous_servo[1].throttle
time.sleep(l)
kit.continuous_servo[1].throttle
time.sleep(l)

kit.servo[@].angle = @
kit.continuous_servo[1].throttle

Il
=

Il
1
(=Y

Il
S

https://learn.adafruit.com/16-channel-pwm-servo-driver/overview
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https://learn.adafruit.com/16-channel-pwm-servo-driver/overview

. Motors

Motors must have external power. There are two options:

1. Metro M4 2.1mm Barrel Jack — up to 7V Micro DC motor, 3V 0.2A 12000RPM

2. Motor Shield power input — 5-12V (cannot run 3V Motors)

0«
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JGB37-520 encoder geared motor
DCoV 12V 24V

See https://learn.adafruit.com/adafruit-motor-shield-v2-for-arduino/overview V 200rpm T=2.5 kg.cm

import time
from adafruit_motorkit import MotorKit

kit = MotorKit()

while True:
kit.motor3.throttle = 0.6 #forward 60% power
kit.motor4.throttle = 0.6
time.sleep(2)
kit.motor3.throttle = 0 #stop
kit.motor4.throttle = @
time.sleep(2)
kit.motor3.throttle = -0.6 #backward 60% power
kit.motor4.throttle = -0.6
time.sleep(2)
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J. Real-Time Clock Module (DS3231)

This module uses I2C communication. Available from AliExpress (DS3231
AT24C32 IIC Module Precision Clock Module RTC DS3231SN Memory module)

SPDX-FileCopyrightText: 2021 ladyada for Adafruit Industries
SPDX-License-Identifier: MIT

HH

Simple demo of reading and writing the time for the DS3231 real-time clock.
Change the if False to if True below to set the time, otherwise it will just
print the current date and time every second. Notice also comments to adjust
for working with hardware vs. software I2C.

HHoH R R

import time

import board

import busio as io
import adafruit_ds3231

i2c
rtc

i0.I2C(board.SCL, board.SDA)
adafruit_ds3231.DS3231(i2c)

days = ("Sunday", "Monday", "Tuesday", "Wednesday", "Thursday", "Friday", "Saturday™)

if False: # change to True if you want to set the time!
#year, mon, date, hour, min, sec, wday, yday, isdst
t = time.struct_time((2017, 10, 29, 15, 14, 15, 0, -1, -1))
# you must set year, mon, date, hour, min, sec and weekday
# yearday is not supported, isdst can be set but doesn't do anything

print("Setting time to:", t) # uncomment for debugging
rtc.datetime = t

print()

while True:
t = rtc.datetime
# print(t) # uncomment for debugging
print(
"The date is {} {}/{}/{}".format(
days[int(t.tm_wday)], t.tm_mday, t.tm_mon, t.tm_year
D)
D)

print("The time is {}:{:02}:{:02}".format(t.tm_hour, t.tm_min, t.tm_sec))
time.sleep(l)

https://learn.adafruit.com/adafruit-ds3231-precision-rtc-breakout
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https://learn.adafruit.com/adafruit-ds3231-precision-rtc-breakout

K. Serial Communications

View https://learn.adafruit.com/circuit-playground-express-serial-communications

a. If you have a Windows computer, download or open a program to monitor the serial ports

Download PuTTY from https://www.chiark.greenend.org.uk/~sgtatham/putty/latest.html
See https://learn.adafruit.com/welcome-to-circuitpython/advanced-serial-console-on-windows

b. Install the USB Serial to USB Cable driver (SiLabs or Prolific chipsets)

See https://learn.adafruit.com/adafruits-raspberry-pi-lesson-5-using-a-console-cable/software-installation-windows

For Chinese Prolific cables a fix is probably required.
See http://radioaficion.com/news/prolific-usb-to-serial-driver-code-10-fix/.

Reboot your computer (otherwise the new installed driver will not work)

c. Connect the USB Serial to USB Cable

Green to RX (A6-DO Signal)
White to TX (A7-D1 Signal)
Black to any GND

The red wire is not required and should not be used if you power the board from a battery or the native USB
port.

d. Check the COM port number

: : . Other devices
Go to Windows Settings > Devices.
. . Silicon Labs CP210x USB to UART Bridge (COM53)
You should see something like:
Open puTTY and enter the COM port number and baud rate | & Abd|
Category:
( 1 15 200) 5 Session Options controlling local serial ines
L Te;"‘fgl”g Select a serial line
B f J [P =] ! L Keyboard Serial line to connect o
Category: Bell
 Session Basic options for your PuTTY session Features Configure the serial line
& Temina pecify the destination you wantto connectto Appearance Sp
Keyboard Seriallne Speed Behaviour Databits
Bell [coms3 | [115200 Translation -
Feotres Seecton sipbis ——
i Connection type:
TWwE:Eeawe ORaw  OTenet ORlogin OSSH @ Serial BCMC;‘::; Parity None o
sehaviour Load, save or delete a stored session Data El ool XON/XOFF P>
Tronsiaon Savad Sessions Prory e
Colours ;‘E‘"E‘
e C""D"::"" DefaultSetings g S;Hgm
Proxy Serial
Tleolnit Save
Rlogin Delete
| Serial
Close window on exit
OAways  (ONever @ Only on clean exit About Help Open Cancel
About Help Open Cancel

Check the Serial page. The settings should be software is set for 8 data bits, one stop bit, no parity bit,
abbreviated 8,N,1 0or 8, 1, N.
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Mac

See https://learn.adafruit.com/welcome-to-circuitpython/advanced-serial-console-on-mac-and-linux

Steps:

e Open Terminal (Command-Space)

o Type: Is/dev/tty.*

e This will show a list of all the serial ports

e To connect with the serial port and show input data on screen:

e screen /dev/tty.boardname 115200

e To exit the serial connection and disconnect from the serial port:
e Ctrl-A then Ctrl-\

e. Write code to send data from the CPX

import time

import board

import busio

from adafruit_circuitplayground.express import cpx

uart = busio.UART(board.TX, board.RX, baudrate=115200)

while True:
t = time.monotonic()
1 = cpx.light

e = Cpx.temperature

output = "{0:.1f}, {1:d}, {2:.1f},\n".format(t,1,e) #or \r\n
uart.write(output.encode()) #write to serial
print(str(t) + ', " + str(l) + ', " + str(e) + ', ") #print to REPL
time.sleep(1.0)

Both the uart.write() and print() functions send serial data. Data must be sent with a line feed character at
the end ("\n"). The print() function automatically does this.

Note: in early version of CircuitPython the code to write to the serial port was uart.write(output)
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You should see output on the puTTY window. If you want to see output only when you type a character in

the puTTY window, do the following:

import time
import board
import busio
from adafruit_circuitplayground.express import cpx

uart = busio.UART(board.TX, board.RX, baudrate=115200)

while True:
data = uart.read(l) # read a byte
if data is not None: # Data was received
t = time.monotonic()
1 = cpx.light
e = cpx.temperature
output = "{0@:.1f}, {1:d}, {2:.1f},\n".format(t,1,e) #or \r\n

uart.write(output.encode()) #iwrite to serial

print(str(t) + ', " + str(l) + "', " + str(e) + ', ") #print to REPL

time.sleep(1.0)

The data will not be displayed until you type in a character (any one character), then the program returns
the time, the light value, and the temperature in Celsius. The read is not required, you can remove that if

you like and have the data be written on every pass of the loop delayed by the sleep time.

Note that the output string has \n at the end. The means the whole line can be read using the PySerial

readline() function.
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h. Read the data in a Python program and store in a csv file (using pySerial) — Windows (MU in PYTHON 3 mode)

To find the serial ports in use

import serial.tools.list_ports as port_list

ports = list(port_list.comports())
for p in ports:
print (p)

Read data from a serial port and write a csv file (data must have "\n" at the end of each line)

import serial
import time
import csv

ser = serial.Serial(port="COM53',baudrate=115200,parity=serial .PARITY_NONE,
stopbits=serial.STOPBITS_ONE,bytesize=serial .EIGHTBITS)

print(ser.name)

ser.flushInput()

while True:
data = ser.readline()
if data is not None:
data_string = ''.join([chr(b) for b in datal)
x = data_string.split(","
if len(x) >= 3:

x[2] = x[2][0:-1]

print(x)
with open("atest_data.csv","a",newline="\n", encoding="utf-8") as f:
writer = csv.writer(f,delimiter=",",quotechar=""")

writer.writerow([x[0],x[1],x[2]11)

i. Read data sent through the CPX USB cable using the print() function (MU in PYTHON 3 mode)

The print() function sends data to the serial console. This can be read in a similar way to above. However,
each line has "\r\n" at the end, followed by a blank line (just "\r\n").

import serial
import time
import csv

ser = serial.Serial(port="COM85',baudrate=115200,parity=serial .PARITY_NONE,
stopbits=serial.STOPBITS_ONE,bytesize=serial .EIGHTBITS)

print(ser.name)

ser.flushInput()

while True:
data = ser.readline()
if data is not None:

data_string = ''.join([chr(b) for b in datal)
x = data_string.split(","
if len(x) >= 3: #test line contains data, not just "\r\n"
x[2] = x[2][0:-2]
print(x)
with open("atest_data.csv","a",newline="\n", encoding="utf-8") as f:
writer = csv.writer(f,delimiter=",",quotechar=""")

writer.writerow([x[0],x[1],x[2]11)
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L. Temperature Sensors

DHT11 and DHT22

DHT22 pins ~. 4L,

1 vee ~ v
2 DATA sl Poadl W,
3 NC ng TS
D I

a GND §, N

~

import time
import adafruit_dht
import board

dht = adafruit_dht.DHT22(board.D2)

while True:
try:
temperature = dht.temperature
humidity = dht.humidity
print("Temp: {:.1f} *C \t Humidity: {}%".format(temperature, humidity))

except RuntimeError as e:
# Reading doesn't always work! Just print error and we'll try again

print("Reading from DHT failure: ", e.args)

time.sleep(l)

https://learn.adafruit.com/dht

Note: The DHT22 pins are very thin and do not connect well to female connectors. It would be best to solder a

connector onto it.
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DS18B20 Temperature Sensor (Waterproof, One-wire)

# SPDX-FileCopyrightText: 2020 ladyada for Adafruit Industries
# SPDX-License-Identifier: MIT

# Simple demo of printing the temperature from the first found DS18x20 sensor every second. Author: Tony
DiCola

# A 4.7Kohm pullup between DATA and POWER is REQUIRED!

import time

import board

from adafruit_onewire.bus import OneWireBus
from adafruit_ds18x20 import DS18X20

# Initialize one-wire bus on board pin D5.

ow_bus = OneWireBus(board.D5)

# Scan for sensors and grab the first one found.

ds18 = DS18X20(Cow_bus, ow_bus.scan()[@])

while True:
print("Temperature: {0:0.3f}C".format(ds18.temperature))
time.sleep(1.0)

https://learn.adafruit.com/using-ds18b20-temperature-sensor-with-circuitpython/overview
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M. Adafruit MPU-6050 6-DoF Accel and Gyro Sensor

MPU-6850 6-DoF
000QO00

"-*‘iz’f‘..‘.’:%;,.ip-

VIN 3Ve GND SDA

# SPDX-FileCopyrightText: 2021 ladyada for Adafruit Industries
# SPDX-License-Identifier: MIT

import time

import board

import busio

import adafruit_mpuc@50

i2c = busio.I2C(board.SCL, board.SDA)
mpu = adafruit_mpucd50.MPUGA50(i2c)

while True:
print("Acceleration: X:%.2f, Y: %.2f, Z: %.2f m/sA2" % (mpu.acceleration))
print("Gyro X:%.2f, Y: %.2f, Z: %.2f degrees/s" % (mpu.gyro))
print("Temperature: %.2f C" % mpu.temperature)
print("")
time.sleep(l)

https://learn.adafruit.com/mpu6050-6-dof-accelerometer-and-gyro/python-and-circuitpython

https://randomnerdtutorials.com/esp32-mpu-6050-web-server/

For the gyrometer :

current angle (deg) = last angle + angular velocity (deg/s) * time(s)
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https://learn.adafruit.com/mpu6050-6-dof-accelerometer-and-gyro/python-and-circuitpython
https://randomnerdtutorials.com/esp32-mpu-6050-web-server/

Calculating the Current Angle (based on https://randomnerdtutorials.com/esp32-mpu-6050-web-server/)

The following code calculates the current angle of the sensor, and uses a button connected to D4 to reset it. It has
been tested with yaw only (Z axis).

Pitch (Y axis) Roll (X axis) T Yaw (Z axis)

C E
import time

import board

from digitalio import DigitalInOut, Direction, Pull
import busio

import adafruit_mpu6050

switch = DigitalInOut(board.D4)
switch.direction = Direction.INPUT
switch.pull = Pull.DOWN

i2c¢
mpu

busio.I2C(board.SCL, board.SDA)
adafruit_mpu6050.MPU6Q50(i2c)

# Timer variables
last_time = @
last_time_acc = @
gyro_delay = 0.01
accelerometer_delay = 0.2

# Sensor variables

baseX = -2.22 #sensor noise (when completely still

baseY = -1.33 #change so that angles hover close to zero
baseZ = -1.00

|
S

gyroX =
gyroY
gyroZ = 0
accX = 0
accY = 0
accZ = 0@

Il
S

# Gyroscope sensor deviation (variation without moving)

gyroXerror = 0.2
gyroYerror = 0.2
gyroZerror = 0.2

def reset_gyro():
global gyroX, gyroY, gyroZ, accX, accY, accZ

gyroX = 0@
gyroY = 0
gyroZ = 0
accX = 0
accY = 0@
accZ = 0@

last_time = @
last_time_acc = @
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https://randomnerdtutorials.com/esp32-mpu-6050-web-server/

def getGyroReadings():
global gyroX, gyroY, gyroZ

gyroX_temp = mpu.gyro[@] - baseX
if abs(gyroX_temp) > gyroXerror:
gyroX += gyroX_temp / 33.00

gyroY_temp = mpu.gyro[l] - baseY
if abs(gyroY_temp) > gyroYerror:
gyroY += gyroY_temp / 33.00

gyroZ_temp = mpu.gyro[2] - baseZ
if abs(gyroZ_temp) > gyroZerror:
gyroZ += -gyroZ_temp / 33.00

#print("Gyro X:%.2f degrees;
#print("Gyro Y:%.2f degrees;

#checks for small oscillations
#must check divisor value, change until correct

#must check divisor value, change until correct

#change divisor until reading correct

Gyro X:%.2f degrees/s" % (gyroX, gyroX_temp))
Gyro Y:%.2f degrees/s" % (gyroY, gyroY_temp))

print("Gyro Z:%.2f degrees; Gyro Z:%.2f degrees/s" % (gyroZ, gyroZ_temp))

def getAccReadings():
global accX, accY, accZ

accX = mpu.acceleration[@]
accY = mpu.acceleration[1]
accZ = mpu.acceleration[2]

first = True
while True:
if not first:
if time.monotonic() - last_t
getGyroReadings()
last_time = time.monoton

if time.monotonic() - last_t
getAccReadings()

ime > gyro_delay:
1cO)

ime_acc > accelerometer_delay:

last_time_acc = time.monotonic()

else:
reset_gyro(Q)
first = False

if switch.value:
time.sleep(0.1)
reset_gyro(Q)

#no time.sleep !!!!
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N. BME280 Digital Temperature Humidity Pressure Sensor

# SPDX-FileCopyrightText: 2021 ladyada for Adafruit Industries
# SPDX-License-Identifier: MIT

import time

from adafruit_circuitplayground.express import cpx
import board

import busio

import adafruit_bme280

i2c = busio.I2C(board.SCL, board.SDA)
bme280 = adafruit_bme280.Adafruit_BME280_I2C(i2c, address = 0x76)

while True:
temperature = "%0.1f" % bme280.temperature
humidity = "%0.1f" % bme280.humidity
pressure = "%0.1f" % bme280.pressure
print(temperature+', '+humidity+', '+pressure+',')
time.sleep(2)

https://learn.adafruit.com/adafruit-bme280-humidity-barometric-pressure-temperature-sensor-breakout/python-

circuitpython-test
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https://learn.adafruit.com/adafruit-bme280-humidity-barometric-pressure-temperature-sensor-breakout/python-circuitpython-test
https://learn.adafruit.com/adafruit-bme280-humidity-barometric-pressure-temperature-sensor-breakout/python-circuitpython-test

0. CJMCU-6075 UVA UVB Solar Ultraviolet Light Intensity UV Sensor

# SPDX-FileCopyrightText: 2021 ladyada for Adafruit Industries
# SPDX-License-Identifier: MIT

import time

import board

import busio

import adafruit_veml6@75

i2c = busio.I2C(board.SCL, board.SDA)

veml = adafruit_veml6075.VEML6@75(i2c, integration_time=100)
print("Integration time: %d ms" % veml.integration_time)
while True:

print(veml.uv_index)
time.sleep(l)

https://learn.adafruit.com/adafruit-vem|6075-uva-uvb-uv-index-sensor/python-circuitpython
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https://learn.adafruit.com/adafruit-veml6075-uva-uvb-uv-index-sensor/python-circuitpython

P. Bluetooth Client

Configuring the Metro M4 board as a bluetooth client means that a mobile phone app can connect to the board and
send data which can be interpreted to trigger actions on the Metro M4.

import board

from adafruit_ble import BLERadio
from adafruit_ble.advertising.standard import ProvideServicesAdvertisement
from adafruit_ble.services.nordic import UARTService

from adafruit_airlift.esp32 import ESP32

esp32 = ESP32() # DEFAULT
adapter = esp32.start_bluetooth()

ble = BLERadio(adapter)
uart = UARTService()
advertisement = ProvideServicesAdvertisement(uart)

while True:
ble.start_advertising(advertisement)
print("waiting to connect")
while not ble.connected:
pass
print("connected: trying to read input")
while ble.connected:
# Returns b'' if nothing was read.
onhe_byte = uart.read(l)
if one_byte:
print(one_byte)
uart.write(one_byte)
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Control Motors Using Bluetooth

import time

import board

from adafruit_motorkit import MotorKit

import pulseio

from adafruit_ble import BLERadio

from adafruit_ble.advertising.standard import ProvideServicesAdvertisement
from adafruit_ble.services.nordic import UARTService

NONE = -1
STOP = @
FORWARD = 1
BACK = 2
LEFT = 3
RIGHT
MIN =
MAX =

4

o U i

ctrl_msg = STOP

MAX_SPEED = 3
speed = NONE
turn = NONE
prev_dir = NONE
direction = NONE

kit = MotorKit()

ble = BLERadio()

uart = UARTService()

advertisement = ProvideServicesAdvertisement(uart)
ble.start_advertising(advertisement)

def interpret_msg(one_byte):

global prev_dir, ctrl_msg, speed, turn, direction

if one_byte == b'!B516!B507":
ctrl_msg = FORWARD
direction = FORWARD
turn = NONE
if prev_dir == BACK: speed = NONE
print('up button - forward')
prev_dir = FORWARD

elif one_byte == b'!B615!B606":
ctrl_msg = BACK
direction = BACK
turn = NONE
if prev_dir == FORWARD: speed = NONE
print('down button - back")
prev_dir = BACK

elif one_byte == b'!B714!B705":
print('left button pressed')
ctrl_msg = LEFT
turn = LEFT

elif one_byte == b'!B813!B804":
print('right button pressed')
ctrl_msg = RIGHT
turn = RIGHT
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def

def

elif one_byte == b'!B11:!B10;"':
print('l button - dec. speed')
if speed > 0: speed -= 1

elif one_byte == b'!B219!B20:"':
print('2 button - inc. speed')
if speed < MAX_SPEED: speed += 1

elif one_byte == b'!B318!B309":
print('3 button - stop')
ctrl_msg = STOP
direction = STOP
speed = NONE
turn = NONE

elif one_byte == b'!B417!B408":
print('4 button - maximum speed')
speed = MAX_SPEED

run_motors(sl, s2):
kit.motor3.throttle
kit.motor4.throttle

sl
s2

execute_msg():

value = 0.4 + (speed*2)/10

if ctrl_msg = STOP: run_motors(@,@)

elif turn == LEFT: run_motors(@.4,value)

elif turn == RIGHT: run_motors(value,@.4)

elif direction == FORWARD: run_motors(value,value)
elif direction == BACK: run_motors(-value,-value)

print('Connect BlueTooth, then press button B to start')
while not cpx.button_b:

pass

print('Ready for Action!')

while True:

one_byte = uart.read(10) #returns b'"' if nothing was read.

if one_byte:
#print(one_byte)
interpret_msg(one_byte)
execute_msg()
uart.write("got value ")

time.sleep(@.25)
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Q. Other Helpful Functions

Selecting Colours

The following wheel function can be used to select neopixel colors. It returns an rgb tuple, e.g. (212,45,87)

def wheel(pos):
# Input a value @ to 255 to get a color value.
# The colours are a transition r - g - b - back to r.

if pos < @ or pos > 255:
return 0, 0, 0

if pos < 85:

return int(255 - pos * 3), int(pos * 3), 0
if pos < 170:

pos -= 85

return @, int(255 - pos * 3), int(pos * 3)
pos -= 170

return int(pos * 3), @, int(255 - (pos * 3))

Wait for Button Press Before Starting Main Loop

go = False

while not go:
go = not switch.value
print('Waiting to start', switch.value)
time.sleep(0.4)

Use a Timer to Control Events

Timers require five steps to use:

1. Get the initial time init_time = time.monotonic()
2. Get the current time (in a loop) now = time.monotonic()
3. Get the time difference (current — initial) time_diff = now - init_time

4. Take action if the time difference is greater than required if time_diff > 10:

5. Reset the initial time and repeat init_time = time.monotonic()
init_time = time.monotonic() #start the timer
i=0
while True:
i4+=1
time.sleep(@.1)
nhow = time.monotonic() #check the current time
time_diff = now - init_time #calc the time difference

if time_diff > 1:
print(time_diff, i)
init_time = time.monotonic() #re-initialise the start time
i=0
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R. Specifications

JGB37-520 Encoder Geared Motor (purchased 6V 200rpm)

JGB37-520 encoder geared motor
DC6V 12V 24V

* Voltage: DCBV
No-Load Speed: 1000rpm, 600rpm, 300rpm, 200rpm, 100rpm, 70rpm, 45rpm, 35rpm,20rpm,12rpm,7rpm

Voltage: DC12V

No-Load Speed: 1590rpm, 1000rpm, 530rpm, 333rpm, 178rpm, 110rpm, 76rpm, 60rpm,37rpm,20rpm,12rpm

* Error: £5%

Output Shaft Diameter: 6mm D-type
Output Shaft Length: 14mm

* Gearbox Size Detal, please see the table
Packing include:

1*gear motor with encoder

1*mouting of motor

1*coupling

5*screws
Wirings:

‘Yellow Wire - signal feedback (motor one turn has 11 signals)
Green Wire - signal feedback (motor cne turn has 11 signals)
Blue Wire - positive of encoder power supply(+)(3.3-5V),cannot be wrong

Black Wire - negative of encoder power supply(-)(3.3-3V),cannot be wrong

Red Wire - positive power supply of motor(+){change positive and negative of motor the rotation will change)
White Wire - negative power supply of metor{-)(change positive and negative of motor the rotation will change))

\ Encoder wiring diagram:
%
@) Red Wire - positive power supply of motor{+)
{change positive and negative of motor the rotation will change)
@ White Wire - negative power supply of motor{-)
(] (change positive and negative of motor the rotation will change))
@ Yellow Wire - signal feedback {(motor one turn has 11 signals)
@ Green Wire - signal feedback (motor one turn has 11 signals)
® Blue Wire - positive of encoder power supply(+)(3.3-5¥),cannot be wrong
. ® Black Wire - negative of encoder power supply(-)(3.3-5¥),cannot be wrong
) No Load AT Load STALL Gearbox
Re:’aﬁ'on Rated Vol e [CURRENT| Torque | SPEED | Cument | TOGQCE |GURRENT| Length
v RPM mA KG.cm RPM A KG.CM A mm
6.3 6 1000 70 0.4 800 045 05 12 19
10 6 600 70 05 500 045 0.8 12 19
19 6 300 70 11 265 045 1.6 12 22
30 6 200 70 1.7 166 045 25 12 22
56 6 100 70 3.2 90 045 45 12 24
90 6 70 70 5 55 045 75 12 24
131 6 45 70 75 38 045 12 12 265
168 6 35 70 9.5 30 0.45 15 12 26.5
270 6 20 70 15 18 045 24 12 26.5
506 6 12 70 28 10 045 35 12 29
810 6 7 70 35 6 045 35 12 29
63 12 1590 120 07 1200 1 1 23 19
10 12 1000 120 1 770 1 16 23 19
19 12 530 120 22 407 1 31 23 22
30 12 333 120 35 250 1 5 23 22
56 12 178 120 6.5 140 1 9 23 24
90 12 110 120 10 85 1 15 23 24
131 12 76 120 15 58 1 24 23 26.5
168 12 60 120 19 46 1 31 23 265
270 12 37 120 30 28 1 35 23 265
506 12 20 120 35 15 1 35 23 29
810 12 12 120 35 9 1 35 23 29
/,Q'/ 12
[

&
-6

Circumference

=pi * 67

933

21

é

26mm
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	A. Introduction and Setup
	import time
	import board
	import neopixel
	dot = neopixel.NeoPixel(board.NEOPIXEL, 1, brightness=0.2)
	while True:
	dot[0] = (100,0,0)
	time.sleep(0.5)
	dot[0] = (0,0,100)
	time.sleep(0.5)
	Save the File to the Metro M4 Airlift


	B. Shields
	Sensor Shield
	Motor Shield v2.0

	C. Digital Sensor Input
	import time
	import board
	from digitalio import DigitalInOut, Direction, Pull
	switch = DigitalInOut(board.D2)
	switch.direction = Direction.INPUT
	switch.pull = Pull.DOWN
	while True:
	if not switch.value:
	print('Switch value = False')
	else:
	print('Switch value = True')
	time.sleep(0.1)

	D. Digital Output
	import time
	import board
	from digitalio import DigitalInOut, Direction
	led = DigitalInOut(board.D13)
	led.direction = Direction.OUTPUT
	while True:
	led.value = True
	time.sleep(1)
	led.value = False
	time.sleep(1)

	E. Analog Sensor Input
	import time
	import board
	from analogio import AnalogIn
	analog_in = AnalogIn(board.A1)
	while True:
	analog_value = analog_in.value / 65.536
	print('Analog value = ',analog_value)
	time.sleep(0.1)

	F. Ultrasonic Sensor
	import time
	import board
	import adafruit_hcsr04
	sonar = adafruit_hcsr04.HCSR04(trigger_pin=board.D4, echo_pin=board.D5)
	distance = 999
	def get_sonar():
	d = 999
	try:
	d = sonar.distance
	except RuntimeError:
	pass
	return d
	while True:
	distance = get_sonar()
	print((distance,))
	time.sleep(0.5)

	G. Displays
	1. 4-Digit 7-Segment Display
	import time
	import board
	import busio
	from adafruit_ht16k33 import segments
	i2c = board.I2C()
	display = segments.Seg7x4(i2c, address = 0x72)
	display.fill(0)
	while True:
	display.fill(0)
	display.print(42)
	time.sleep(0.5)
	display.fill(0)
	display.print(str(65.4))      #convert float to str to display
	time.sleep(0.5)
	2. Monochrome 0.96" 128x64 OLED Graphic Display (I2C) (or larger sizes)
	https://www.adafruit.com/product/326
	Alternative: www.aliexpress.com/item/0-96-Inch-I2c-IIC-Serial-12864-128X64-OLed-Yellow-Blue-LCD-LED-Display-Module-for/32896071267.html

	import time
	import board
	import displayio
	import terminalio
	from adafruit_display_text import label
	import adafruit_displayio_ssd1306
	displayio.release_displays()
	i2c = board.I2C()
	display_bus = displayio.I2CDisplay(i2c, device_address=0x3C) #, reset=oled_reset)
	WIDTH = 128
	HEIGHT = 64
	BORDER = 5
	display = adafruit_displayio_ssd1306.SSD1306(display_bus, width=WIDTH, height=HEIGHT)
	# Make the display context
	splash = displayio.Group(max_size=10)
	display.show(splash)
	text = "Hello World! " + str(i)
	text_area = label.Label(
	terminalio.FONT, text=text, color=0xFFFFFF, x=28, y=HEIGHT // 2 - 1)
	splash.append(text_area)
	i = 100
	while True:
	i -= 1
	text_area.text = "Hello World! " + str(i)
	time.sleep(1)

	H. Servos
	Servo Code
	import time
	import board
	import pulseio
	from adafruit_motor import servo
	# create PWMOut and servo objects on Pin D9.
	pwm1 = pulseio.PWMOut(board.D9, duty_cycle=2 ** 15, frequency=50)
	servo1 = servo.Servo(pwm1)
	pwm2 = pulseio.PWMOut(board.D10, duty_cycle=2 ** 15, frequency=50)
	servo2 = servo.Servo(pwm2)
	while True:
	servo1.angle = 10
	servo2.angle = 10
	time.sleep(2)
	servo1.angle = 170
	servo2.angle = 170
	time.sleep(2)
	# SPDX-FileCopyrightText: 2021 ladyada for Adafruit Industries
	# SPDX-License-Identifier: MIT
	"""Simple test for a standard servo on channel 0 and a continuous rotation servo on channel 1."""
	import time
	from adafruit_servokit import ServoKit
	# Set channels to the number of servo channels on your kit.
	kit = ServoKit(channels=16)
	kit.servo[0].angle = 180
	kit.continuous_servo[1].throttle = 1
	time.sleep(1)
	kit.continuous_servo[1].throttle = -1
	time.sleep(1)
	kit.servo[0].angle = 0
	kit.continuous_servo[1].throttle = 0

	I. Motors
	import time
	from adafruit_motorkit import MotorKit
	kit = MotorKit()
	while True:
	kit.motor3.throttle = 0.6   #forward 60% power
	kit.motor4.throttle = 0.6
	time.sleep(2)
	kit.motor3.throttle = 0     #stop
	kit.motor4.throttle = 0
	time.sleep(2)
	kit.motor3.throttle = -0.6  #backward 60% power
	kit.motor4.throttle = -0.6
	time.sleep(2)

	J. Real-Time Clock Module (DS3231)
	# SPDX-FileCopyrightText: 2021 ladyada for Adafruit Industries
	# SPDX-License-Identifier: MIT
	# Simple demo of reading and writing the time for the DS3231 real-time clock.
	# Change the if False to if True below to set the time, otherwise it will just
	# print the current date and time every second.  Notice also comments to adjust
	# for working with hardware vs. software I2C.
	import time
	import board
	import busio as io
	import adafruit_ds3231
	i2c = io.I2C(board.SCL, board.SDA)
	rtc = adafruit_ds3231.DS3231(i2c)
	days = ("Sunday", "Monday", "Tuesday", "Wednesday", "Thursday", "Friday", "Saturday")
	if False:                 # change to True if you want to set the time!
	#year, mon, date, hour, min, sec, wday, yday, isdst
	t = time.struct_time((2017, 10, 29, 15, 14, 15, 0, -1, -1))
	# you must set year, mon, date, hour, min, sec and weekday
	# yearday is not supported, isdst can be set but doesn't do anything
	print("Setting time to:", t)  # uncomment for debugging
	rtc.datetime = t
	print()
	while True:
	t = rtc.datetime
	# print(t)            # uncomment for debugging
	print(
	"The date is {} {}/{}/{}".format(
	days[int(t.tm_wday)], t.tm_mday, t.tm_mon, t.tm_year
	)
	)
	print("The time is {}:{:02}:{:02}".format(t.tm_hour, t.tm_min, t.tm_sec))
	time.sleep(1)

	K. Serial Communications
	import time
	import board
	import busio
	from adafruit_circuitplayground.express import cpx
	uart = busio.UART(board.TX, board.RX, baudrate=115200)
	while True:
	t = time.monotonic()
	l = cpx.light
	e = cpx.temperature
	output = "{0:.1f}, {1:d}, {2:.1f},\n".format(t,l,e)     #or \r\n
	uart.write(output.encode())                             #write to serial
	print(str(t) + ', ' + str(l) + ', ' + str(e) + ', ')    #print to REPL
	time.sleep(1.0)
	import time
	import board
	import busio
	from adafruit_circuitplayground.express import cpx
	uart = busio.UART(board.TX, board.RX, baudrate=115200)
	while True:
	data = uart.read(1)  # read a byte
	if data is not None:  # Data was received
	t = time.monotonic()
	l = cpx.light
	e = cpx.temperature
	output = "{0:.1f}, {1:d}, {2:.1f},\n".format(t,l,e)     #or \r\n
	uart.write(output.encode())                             #write to serial
	print(str(t) + ', ' + str(l) + ', ' + str(e) + ', ')    #print to REPL
	time.sleep(1.0)
	import serial.tools.list_ports as port_list
	ports = list(port_list.comports())
	for p in ports:
	print (p)
	import serial
	import time
	import csv
	ser = serial.Serial(port='COM53',baudrate=115200,parity=serial.PARITY_NONE,
	stopbits=serial.STOPBITS_ONE,bytesize=serial.EIGHTBITS)
	print(ser.name)
	ser.flushInput()
	while True:
	data = ser.readline()
	if data is not None:
	data_string = ''.join([chr(b) for b in data])
	x = data_string.split(",")
	if len(x) >= 3:
	x[2] = x[2][0:-1]
	print(x)
	with open("atest_data.csv","a",newline="\n", encoding="utf-8") as f:
	writer = csv.writer(f,delimiter=",",quotechar='"')
	writer.writerow([x[0],x[1],x[2]])
	import serial
	import time
	import csv
	ser = serial.Serial(port='COM85',baudrate=115200,parity=serial.PARITY_NONE,
	stopbits=serial.STOPBITS_ONE,bytesize=serial.EIGHTBITS)
	print(ser.name)
	ser.flushInput()
	while True:
	data = ser.readline()
	if data is not None:
	data_string = ''.join([chr(b) for b in data])
	x = data_string.split(",")
	if len(x) >= 3:   #test line contains data, not just "\r\n"
	x[2] = x[2][0:-2]
	print(x)
	with open("atest_data.csv","a",newline="\n", encoding="utf-8") as f:
	writer = csv.writer(f,delimiter=",",quotechar='"')
	writer.writerow([x[0],x[1],x[2]])

	L.  Temperature Sensors
	import time
	import adafruit_dht
	import board
	dht = adafruit_dht.DHT22(board.D2)
	while True:
	try:
	temperature = dht.temperature
	humidity = dht.humidity
	print("Temp: {:.1f} *C \t Humidity: {}%".format(temperature, humidity))
	except RuntimeError as e:
	# Reading doesn't always work! Just print error and we'll try again
	print("Reading from DHT failure: ", e.args)
	time.sleep(1)
	# SPDX-FileCopyrightText: 2020 ladyada for Adafruit Industries
	# SPDX-License-Identifier: MIT
	# Simple demo of printing the temperature from the first found DS18x20 sensor every second. Author: Tony DiCola
	# A 4.7Kohm pullup between DATA and POWER is REQUIRED!
	import time
	import board
	from adafruit_onewire.bus import OneWireBus
	from adafruit_ds18x20 import DS18X20
	# Initialize one-wire bus on board pin D5.
	ow_bus = OneWireBus(board.D5)
	# Scan for sensors and grab the first one found.
	ds18 = DS18X20(ow_bus, ow_bus.scan()[0])
	while True:
	print("Temperature: {0:0.3f}C".format(ds18.temperature))
	time.sleep(1.0)

	M. Adafruit MPU-6050 6-DoF Accel and Gyro Sensor
	# SPDX-FileCopyrightText: 2021 ladyada for Adafruit Industries
	# SPDX-License-Identifier: MIT
	import time
	import board
	import busio
	import adafruit_mpu6050
	i2c = busio.I2C(board.SCL, board.SDA)
	mpu = adafruit_mpu6050.MPU6050(i2c)
	while True:
	print("Acceleration: X:%.2f, Y: %.2f, Z: %.2f m/s^2" % (mpu.acceleration))
	print("Gyro X:%.2f, Y: %.2f, Z: %.2f degrees/s" % (mpu.gyro))
	print("Temperature: %.2f C" % mpu.temperature)
	print("")
	time.sleep(1)
	import time
	import board
	from digitalio import DigitalInOut, Direction, Pull
	import busio
	import adafruit_mpu6050
	switch = DigitalInOut(board.D4)
	switch.direction = Direction.INPUT
	switch.pull = Pull.DOWN
	i2c = busio.I2C(board.SCL, board.SDA)
	mpu = adafruit_mpu6050.MPU6050(i2c)
	# Timer variables
	last_time = 0
	last_time_acc = 0
	gyro_delay = 0.01
	accelerometer_delay = 0.2
	# Sensor variables
	baseX = -2.22  #sensor noise (when completely still
	baseY = -1.33  #change so that angles hover close to zero
	baseZ = -1.00
	gyroX = 0
	gyroY = 0
	gyroZ = 0
	accX = 0
	accY = 0
	accZ = 0
	# Gyroscope sensor deviation (variation without moving)
	gyroXerror = 0.2
	gyroYerror = 0.2
	gyroZerror = 0.2
	def reset_gyro():
	global gyroX, gyroY, gyroZ, accX, accY, accZ
	gyroX = 0
	gyroY = 0
	gyroZ = 0
	accX = 0
	accY = 0
	accZ = 0
	last_time = 0
	last_time_acc = 0
	def getGyroReadings():
	global gyroX, gyroY, gyroZ
	gyroX_temp = mpu.gyro[0] - baseX
	if abs(gyroX_temp) > gyroXerror:     #checks for small oscillations
	gyroX += gyroX_temp / 33.00      #must check divisor value, change until correct
	gyroY_temp = mpu.gyro[1] - baseY
	if abs(gyroY_temp) > gyroYerror:
	gyroY += gyroY_temp / 33.00      #must check divisor value, change until correct
	gyroZ_temp = mpu.gyro[2] - baseZ
	if abs(gyroZ_temp) > gyroZerror:
	gyroZ += -gyroZ_temp / 33.00     #change divisor until reading correct
	#print("Gyro X:%.2f degrees;    Gyro X:%.2f degrees/s" % (gyroX, gyroX_temp))
	#print("Gyro Y:%.2f degrees;    Gyro Y:%.2f degrees/s" % (gyroY, gyroY_temp))
	print("Gyro Z:%.2f degrees;    Gyro Z:%.2f degrees/s" % (gyroZ, gyroZ_temp))
	def getAccReadings():
	global accX, accY, accZ
	accX = mpu.acceleration[0]
	accY = mpu.acceleration[1]
	accZ = mpu.acceleration[2]
	first = True
	while True:
	if not first:
	if time.monotonic() - last_time > gyro_delay:
	getGyroReadings()
	last_time = time.monotonic()
	if time.monotonic() - last_time_acc > accelerometer_delay:
	getAccReadings()
	last_time_acc = time.monotonic()
	else:
	reset_gyro()
	first = False
	if switch.value:
	time.sleep(0.1)
	reset_gyro()
	#no time.sleep !!!!

	N.  BME280 Digital Temperature Humidity Pressure Sensor
	# SPDX-FileCopyrightText: 2021 ladyada for Adafruit Industries
	# SPDX-License-Identifier: MIT
	import time
	from adafruit_circuitplayground.express import cpx
	import board
	import busio
	import adafruit_bme280
	i2c = busio.I2C(board.SCL, board.SDA)
	bme280 = adafruit_bme280.Adafruit_BME280_I2C(i2c, address = 0x76)
	while True:
	temperature = "%0.1f" % bme280.temperature
	humidity = "%0.1f" % bme280.humidity
	pressure = "%0.1f" % bme280.pressure
	print(temperature+', '+humidity+', '+pressure+',')
	time.sleep(2)

	O. CJMCU-6075 UVA UVB Solar Ultraviolet Light Intensity UV Sensor
	# SPDX-FileCopyrightText: 2021 ladyada for Adafruit Industries
	# SPDX-License-Identifier: MIT
	import time
	import board
	import busio
	import adafruit_veml6075
	i2c = busio.I2C(board.SCL, board.SDA)
	veml = adafruit_veml6075.VEML6075(i2c, integration_time=100)
	print("Integration time: %d ms" % veml.integration_time)
	while True:
	print(veml.uv_index)
	time.sleep(1)

	P. Bluetooth Client
	import board
	from adafruit_ble import BLERadio
	from adafruit_ble.advertising.standard import ProvideServicesAdvertisement
	from adafruit_ble.services.nordic import UARTService
	from adafruit_airlift.esp32 import ESP32
	esp32 = ESP32() # DEFAULT
	adapter = esp32.start_bluetooth()
	ble = BLERadio(adapter)
	uart = UARTService()
	advertisement = ProvideServicesAdvertisement(uart)
	while True:
	ble.start_advertising(advertisement)
	print("waiting to connect")
	while not ble.connected:
	pass
	print("connected: trying to read input")
	while ble.connected:
	# Returns b'' if nothing was read.
	one_byte = uart.read(1)
	if one_byte:
	print(one_byte)
	uart.write(one_byte)
	Control Motors Using Bluetooth

	import time
	import board
	from adafruit_motorkit import MotorKit
	import pulseio
	from adafruit_ble import BLERadio
	from adafruit_ble.advertising.standard import ProvideServicesAdvertisement
	from adafruit_ble.services.nordic import UARTService
	NONE = -1
	STOP = 0
	FORWARD = 1
	BACK = 2
	LEFT = 3
	RIGHT = 4
	MIN = 5
	MAX = 6
	ctrl_msg = STOP
	MAX_SPEED = 3
	speed = NONE
	turn = NONE
	prev_dir = NONE
	direction = NONE
	kit = MotorKit()
	ble = BLERadio()
	uart = UARTService()
	advertisement = ProvideServicesAdvertisement(uart)
	ble.start_advertising(advertisement)
	def interpret_msg(one_byte):
	global prev_dir, ctrl_msg, speed, turn, direction
	if one_byte == b'!B516!B507':
	ctrl_msg = FORWARD
	direction = FORWARD
	turn = NONE
	if prev_dir == BACK: speed = NONE
	print('up button - forward')
	prev_dir = FORWARD
	elif one_byte == b'!B615!B606':
	ctrl_msg = BACK
	direction = BACK
	turn = NONE
	if prev_dir == FORWARD: speed = NONE
	print('down button - back')
	prev_dir = BACK
	elif one_byte == b'!B714!B705':
	print('left button pressed')
	ctrl_msg = LEFT
	turn = LEFT
	elif one_byte == b'!B813!B804':
	print('right button pressed')
	ctrl_msg = RIGHT
	turn = RIGHT
	elif one_byte == b'!B11:!B10;':
	print('1 button - dec. speed')
	if speed > 0: speed -= 1
	elif one_byte == b'!B219!B20:':
	print('2 button - inc. speed')
	if speed < MAX_SPEED: speed += 1
	elif one_byte == b'!B318!B309':
	print('3 button - stop')
	ctrl_msg = STOP
	direction = STOP
	speed = NONE
	turn = NONE
	elif one_byte == b'!B417!B408':
	print('4 button - maximum speed')
	speed = MAX_SPEED
	def run_motors(s1, s2):
	kit.motor3.throttle = s1
	kit.motor4.throttle = s2
	def execute_msg():
	value = 0.4 + (speed*2)/10
	if ctrl_msg = STOP: run_motors(0,0)
	elif turn == LEFT: run_motors(0.4,value)
	elif turn == RIGHT: run_motors(value,0.4)
	elif direction == FORWARD: run_motors(value,value)
	elif direction == BACK: run_motors(-value,-value)
	print('Connect BlueTooth, then press button B to start')
	while not cpx.button_b:
	pass
	print('Ready for Action!')
	while True:
	one_byte = uart.read(10)  #returns b'' if nothing was read.
	if one_byte:
	#print(one_byte)
	interpret_msg(one_byte)
	execute_msg()
	uart.write("got value ")
	time.sleep(0.25)

	Q. Other Helpful Functions
	Selecting Colours
	def wheel(pos):
	# Input a value 0 to 255 to get a color value.
	# The colours are a transition r - g - b - back to r.
	if pos < 0 or pos > 255:
	return 0, 0, 0
	if pos < 85:
	return int(255 - pos * 3), int(pos * 3), 0
	if pos < 170:
	pos -= 85
	return 0, int(255 - pos * 3), int(pos * 3)
	pos -= 170
	return int(pos * 3), 0, int(255 - (pos * 3))
	Wait for Button Press Before Starting Main Loop

	go = False
	while not go:
	go = not switch.value
	print('Waiting to start', switch.value)
	time.sleep(0.4)
	Use a Timer to Control Events

	init_time = time.monotonic()    #start the timer
	i = 0
	while True:
	i += 1
	time.sleep(0.1)
	now = time.monotonic()          #check the current time
	time_diff = now - init_time     #calc the time difference
	if time_diff > 1:
	print(time_diff, i)
	init_time = time.monotonic() #re-initialise the start time
	i = 0

	R. Specifications
	JGB37-520 Encoder Geared Motor (purchased 6V 200rpm)


