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Kinematics and The Micro:bit GCrade 11 and 12 - Physics

Coding Tool | Micro:bit

L esson Plan

Cross-curricular

Big Ideas Specific Expectations

Al. demonstrate scientific Al.5 conduct inquiries, controlling
investigation skills (related to both relevant variables, adapting or

inquiry and research) in the four areas | extending procedures as required, and
of skills (initiating and planning, using appropriate materials and
performing and recording, analysing equipment safely, accurately, and

and interpreting, and effectively, to collect observations and
communicating); data

B1.1 analyse, on the basis of research, a
technology that applies concepts
related to kinematics (e.g., devices used
to measure speed in sports; rocket
accelerators; motion-detecting sensors
for security systems; speedometers in
automobiles) [IP, PR, Al, C]

Description

In this hands-on STEM lesson, students will explore the principles of kinematics
(displacement, velocity, and acceleration) through real-time data collection
using the BBC micro:bit. Using the micro:bit’s built-in accelerometer and the
machine learning via platform micro:bit CreateAl, students will train models to
recognize different types of motion.

Materials Computational Thinking Skills
e Micro:bit V2 e Machine Learning
e Materials to create a Microbit e Block Programming

wrist mount
e Computer
e Graphing Tool
e https://createai.microbit.org/
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Introduction
Kinematics is the branch of physics that describes how things move. It
focuses on the motion of objects without worrying about what causes the
motion (that's dynamics). In kinematics, we study:

e Displacement — how far an object has moved from its starting point

and in what direction.

e Velocity — how fast an object is moving and in which direction.

e Acceleration — how quickly an object’s velocity is changing.

e Time -how long the motion takes.
By measuring and analyzing these quantities, we can describe and predict
how objects move in the real world. Like a car speeding up, a ball falling, or
a student walking across the room.

This lesson plan has students create models using machine learning of
specific movements then track acceleration of those movements using
the micro:bit V2's DatalLogger extension.

Action

Step 1: Access CreateAl

Go to https://microbit.org/createai

Click “Get Started” then “New Session” and give it a name (e.g,,
“Kinematics Classifier”)

New session

Pick up where you left off

Open last session Continue a saved session

Use a hex file or data samples file you saved to
Name: Unfitiod your computer to continue a session
Date: Jun 18, 2025

Start something new

New session
Connect your micro:bit and collect movement data
o build a machine learing model

Step 2: Connect Micro:bit

Click the connect button, make sure your micro:bit is attached via USB
cable and follow the onscreen instructions on how to connect it to
Bluetooth.
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Step 3: Collect Motion Data

Create labels for each motion type you want to recognize (e.g., “walk,”
“run,” “jlump”).

For each label:

Click “Record”

Perform the labelled motion while holding or wearing the micro:bit on a
wrist strap.

Record multiple samples (aim for 10 or more) The more samples for each
motion the more accurate the micro:bit will be at identifying to
movement.

Notice how we're training the mirco:bit how to recognize its movement by
recording its position on the X, Y and Z axis. By learning it's positions
during certain movements it can remember to recognize those
coordinates as those specific movements. Make sure to record the
micro:bit in a STILL state to allow you to code your micro:bits to not try and
guess movements when the micro:bit isn't actually moving.

@ microbit | Createal

Step 4: Train the Model

Once you've collected enough data, click “Train Model”

The system will analyze the data and build a classifier

Review the accuracy score and confusion matrix to see how well the
model performs by reproducing those movements you trained on the
previous screen.

Step 5: Test the Model
Click “Test” and try performing the motions again
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Watch the live predictions to see if the model correctly identifies the
motion by verifying the percentile accuracy of the movements while when
repeated on this screen.
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Step 6: Send to Microbit

Once you click on “Edit in Makecode” you'll be brought to the coding page.

You can see blocks have been populated for your three movements. These
blocks are found in then “Machine Learning” tab on the right. And code you add

to these blocks will activate.

Step 7: Code your Microbit

Next we'll add the data logger Extension by going to Extensions and searching
“DatalLogger”

This Extension allows you to save and record data from the sensors of the
microbit.

We're going to use the DatalLogger blocks to keep track and calculate the
displacement of the microbit while preforming the machine learned

movements. To do this we’'ll use the code bellow:

https://schools.sciencenorth.ca/
Science North is an agency of the Government of Ontario and
a registered charity #10796 2979 RR0001




s,
SCIENCE $502% SCIENCE
NORTH SEIS® NORD

set ax v to acceleration (mg) x v

set ay ¥ to acceleration (mg) y ¥

set az ¥ to acceleration (mg) z ¥

& set aTotal ¥ to square root ¥

& set aTotal ¥ to absolute of | aTotal ¥
on ML Sprint ¥ start

& change velocity ¥ by aTotal v x v Shout cun 'i‘i' .

change displacement v by velocity v x v repeat o times

e do . .
pause (ms) (RLLIRd log data | column value aTotal v @

log data column ’velocity' value velocity w @

on ML Jump ¥ start on ML Still v start
ole 2.2 . .
show icon -:.g? < show A con =8§§= - log data | column value displacement ¥ @
0
repeat o times pause (ms)
do g .
log data column value aTotal + @

log data column value velocity » @

log data column value displacement ¥ @
—

Or you can copy paste this code into the JavaScript:
ml.onStart(ml.event.Sprint, function () {
basic.showIcon(IconNames.Tortoise)
for (let index = 0; index < 4; index++) {
datalogger.log(datalogger.createCV("acceleration", aTotal))
datalogger.log(datalogger.createCV("Velocity", velocity))
datalogger.log(datalogger.createCV("dsiplacement",
displacement))

basic.pause(1000)

)
ml.onStart(ml.event.Still, function () {
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basic.showIcon(IconNames.Heart)
)
ml.onStart(ml.event.Jump, function () {
basic.showIcon(IconNames.House)
for (let index = 0; index < 4; index++) {
datalogger.log(datalogger.createCV("acceleration", aTotal))
datalogger.log(datalogger.createCV("Velocity", velocity))
datalogger.log(datalogger.createCV("dsiplacement",
displacement))

basic.pause(1000)

}
1)
let az = 0
let ay = 0
let ax = 0

let displacement = 0

let velocity = 0

let aTotal = 0

// time step in seconds (1 second)
let dt = 0.1
basic.showIcon(IconNames.Heart)

basic.forever(function () {

ax = input.acceleration(Dimension.X)
ay = input.acceleration(Dimension.Y)
az = input.acceleration(Dimension.Z)

// Convert from milli-g to m/s? (1 g = 9.8 m/s?)
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i)

aTotal = Math.sqrt(ax * ax + ay * ay + az * az) * 9.8 / 1000
// Subtract gravity (approximate)

aTotal = Math.abs(aTotal - 9.8)

// Estimate velocity and displacement

velocity += aTotal * dt

displacement += velocity * dt

basic.pause(100)

What this code does:

Waits for machine learned action to occur

Measures total acceleration from all 3 axes for 4 seconds
Converts it to m/s? and removes gravity

Estimates velocity and displacement using basic integration

Saves data to the microbit for graphing or logging

Step 8:

Click “Download” to pair your Microbit to get the trained model as a .hex file

Plug in your micro:bit via USB
Drag and drop the .hex file onto the micro:bit drive
Once flashed, the micro:bit will start recognizing motions in real time!

Step 9:
You can download the dataLog from the microbits by reattaching them to the computer and
opening them in your file explorer. Click on MY_DATA
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| M = | MICROBIT (D3) _
File Home Share View
B 1 4 Cut '__I x -—Il L?_ Mew item ~ \ﬂ D Open ~ E Select all
Li—' L Wi Copy path * A ‘TJ Easy access ™ L Edit Select none
Pinto Quick Copy Paste A Move Copy — Delete Rename New Properties . = "
Sheias [#] paste shorteut s 1o = folder 5 & History [ Invert selection
Clipboard Organize Mew Open Select
T - * MICROBIT (D) v O O Search MICROBIT (D)
= i Nar a D T i Tvr =
@ OneDrive - Person Name Date modified ype Size
=l DETAILS Text Document 1KB
@ OneDrive - Scienc = o
& MICROBIT / 016 Microsoft Edge HT... 1KB
% This PC & My DATA 3/22/2016 4:30 PM Microsoft Edge HT... 124 KB
- 3D Objects
[ Desktop

Digital Bootcam
:| Documents
¥ Downloads
]’ Music
[=] Pictures
m Videos
& 05 ()
-~ MICROBIT (D2)

-~ MICROBIT (D3)

(¥}

3 items 1 item selected 124 KB

Once you've clicking on my data the data log will open. That data log can
be downloaded and opened in excel or sheets.

Your student can then fill in their worksheets, graph their findings and
answer their reflection questions.

Consolidation/Extension
Students can now use this code and microbit to explore the kinematics of
different objects in motion by attaching the microbit with this code and

using machine learning to teach their microbits how the objects are
expected to move.
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Assessment

The worksheet provided with reflection questions and screenshots of their
working code would be excellent materials for assessment.

Additional Resources
https://createai.microbit.org/
https://schools.sciencenorth.ca/educator-resources
https://microbit.org/
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