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obots are a true passion here at The MagPi. Few things
R you make with computers have the same potential to
impress as a walking, wheeling, or even talking ‘bot.
The real skill isn’t just building a robot that rolls around,
but creating a smart rover that can sense its environment

and react accordingly. These rovers are sent into hazardous hlést¥ersley
environments, or even to other planets. Luey is the editor
Our robot explorer feature (page 40) has everything you e
need to get rolling. i S et
Have fun building your robot, and don’t forget to give it a e T
name. And when you’re done check out the new Al Kit (page 8). magpi.cc

This new Raspberry Pi kit offers the potential to vastly speed
up artificial intelligence projects. We can’t wait to start making
with it, and I know our community will put it to good use.
Making intelligent robots is a childhood dream and, thanks
to Raspberry Pi, it’s now possible. I can’t wait to see what you GET A

all make with it. RASPBERRY PI
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Home projects made easy.

CDP Studio, a great software development tool for your home projects. Build
systems for Raspberry Pi, use C++ or NoCode programming, open source libraries,
out of the box support for GPIO, 12C, MQTT, OPC UA and more. Create beautiful user
interfaces. Built for industrial control system development, FREE for home projects.
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Raspberry P1 Al Kit
availlable now at S70

Discover neural networks and integrate Al into your projects with Al Kit,
By Naush Patuck

@ Running in real time,
with low latency and
low power requirements @

A The Raspberry Pi Al
Kit disassembled

08 | magpicc | Raspberry PiAlKit available now at $70

f you’ve ever wanted to experiment with
I the world of neural networks, artificial

intelligence and machine learning on your
Raspberry Pi 5, we have the perfect product
for you: the Raspberry Pi Al Kit. Developed in
collaboration with Hailo (hailo.ai), the AI Kit
offers an accessible way to integrate local, high-
performance, power-efficient inferencing into a
wide variety of applications. It’s available today
from our network of Raspberry Pi Approved
Resellers, priced at just $70 (approx £55).

The Raspberry Pi Al Kit comprises our M.2

HAT+ preassembled with a Hailo-8L Al accelerator
module. Installed on a Raspberry Pi 5 (magpi.cc/
raspberrypis), the Al Kit allows you to rapidly build
complex Al vision applications, running in real
time, with low latency and low power requirements.
State-of-the-art neural networks for object
detection, semantic and instance segmentation,
pose estimation, and facial landmarking (to name
just a few) run entirely on the Hailo-8L co-
processor, leaving the Raspberry Pi 5 CPU free to
perform other tasks.
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Key features of the Raspberry Pi Al Kit include:

+ 13 tera-operations per second (TOPS) of
inferencing performance

- Asingle-lane PCIe 3.0 connection running
at 8Gbps
Full integration with the Raspberry Pi image
software subsystem
Compatibility with first-party or third-party
camera modules
Efficient scheduling of the accelerator hardware:
run multiple neural networks on a single
camera, or single/multiple neural networks with
two cameras concurrently

Hailo has created an extensive model zoo, where
users can find a wide variety of pre-trained neural
network models ready to deploy and optimised to
run on the AI Kit.

The software
A significant hurdle in creating real-world AI-
based vision applications is the software complexity
of integrating the camera subsystem with the Al
framework. We have worked hard to simplify this as
much as possible. Our rpicam-apps suite of camera
applications (magpi.cc/camapps) now has a post-
processing template for integrating neural network
inferencing running real-time in the camera
pipeline. By using the pre-installed Hailo Tappas
post-processing libraries (magpi.cc/tappasgit), we
are able to create advanced Al-based applications
in only a few hundred lines of C++ code. Similar
levels of integration into our Picamera2 framework
(magpi.cc/picam2git) will follow soon.

The software installation steps are very simple.
Install a few packages through apt, reboot, and
you are ready to try out some of our Al demos in a
matter of minutes. The instructions can be found in
our getting started guide (magpi.cc/aikitstart).

Here’s a preview of some of our demos that you
can run through rpicam-apps: With the Raspberry
Pi AT Kit, you are not limited to using the Hailo-8L
co-processor only in rpicam-apps or Picamera2.

We also package an API integrated in the GStreamer
framework (magpi.cc/gstreamer) and native Python
or C/C++ applications. This also includes non-
camera use cases, such as running inference on
pre-recorded video files.

Further resources
Our documentation for the AI Kit (magpi.cc/aikitdoc)
is a great place to start.

For full technical specifications for the Hailo-8L
AT accelerator module, visit Hailo’s product web page
(magpi.cc/hailo8lm2).

Hailo has created a set of advanced Al applications
(magpi.cc/hailopis) running on a Raspberry Pi 5, and
also has a community forum (magpi.cc/hailodev)
for discussing topics specific to the Hailo-8L AI
accelerator hardware and software tooling. £l

A Acloser look at the
Hailo module

V¥ Object recognition: the
lemon Coke "bottle" is
controversial in these parts

Raspberry Pi Al Kit available now at $70 | magpi.cc | 09
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M.2 HAT+ on sale
now at just S1

Raspberry Pi PCle expansion board is now available,
By James Adams, Director of Hardware

A M2 HAT+ enables you
to connect storage
devices, such as this
256GB SSD drive, as
well as PCle devices
like the new Al Kit

10 | magpicc | M.2HAT+on sale now at $12

he new Raspberry Pi M.2 HAT+ enables
T you to connect M.2 M-key peripherals,
such as NVMe drives and Al accelerators,

to your Raspberry Pi 5. It provides fast (up to 500
MB/s) data transfer to and from these peripherals,
and is available to buy today, from our network of
Approved Resellers, priced at just $12/£11.50.

Raspberry Pi 5 launched back in September last
year with an exciting new feature on board. No,
not the power button. Or the battery-backed real-
time clock. We’re talking about the PCI Express
(PCle) expansion connector: this small 16-way FFC
(flexible flat cable) connector, positioned at the
extreme left of the board where the MIPI display
connector lives on older Raspberry Pi boards,
carries a single-lane (one transmit pair, one
receive pair, and one clock pair) PCIe 2.0 bus.

When we launched Raspberry Pi 5 we also
showed off a prototype HAT+, which bridged
between our FFC connector and the standard M.2
M-key form factor used by NVMe drives and many
other small PCle devices. After several revisions,
simplifications, and a whole lot of testing, that
prototype became the product you see today.



Developing great products takes time
Launching a new generation of Raspberry Pi
computers is a huge effort, absorbing the attention
of our engineering team. Raspberry Pi 5 was a
particularly complex (and expensive!) programme,
featuring three new custom chips (the Broadcom
BCM2712 application processor, Dialog/Renesas
DA9091 PMIC, and our own RP1 I/O controller);
new production processes (intrusive reflow for
connectors, and routed board singulation); and a
completely redesigned production test system.

So while in an ideal world we would have
launched the M.2 HAT+ at the same time as
Raspberry Pi 5, it was important not to rush
things. There were still a few unresolved questions,
notably around the two “spare” pins on the
16-pin FFC connector. While these pins carried 12C
signals in our earliest prototypes, in the end the
Raspberry Pi PCle Connector specification (magpi.
cc/pciedocs) allocates them to fixed functions: one
as a power enable for downstream device power,
and one as a board detect and wake signal.

And we wanted to make sure that our product
really was a HAT+, which in turn meant we had
to resolve a few last wrinkles in the Raspberry
Pi HAT+ specification (magpi.cc/hatplusspec).
Raspberry Pi specifications, like our 40-pin GPIO
connector and our three-pin debug connector,
often become de facto standards for the rest of the
industry, and we have a responsibility to get them
right first time.

gik e
! Raspberry Pi [M.2 HAT+

M Key

{ (]

A Raspberry Pi's M2 HAT+

THE WORLD OF RASPBERRY PI | Mégri I

» Raspberry Pi5's
PCle slot

@ we wanted to make sure that our product

really was a HAT+ @

Extensive drive compatibility

While we were doing all this, we took the
opportunity to test a wide variety of NVMe drives
and other peripherals, and to investigate the
various issues we found. In one case we worked
with a manufacturer to develop a fix for a drive
that didn’t work correctly; this one turned out to
be a startup timing issue in the drive firmware,
preventing the PCle controller inside BCM2712
from recognising the drive.

And of course it takes time to write firmware,
and to build the production processes, material
pipeline, and test systems required to build tens
of thousands of units of a product each and every
month. But with all this done, we’re pleased to be
in a position to launch. If your Raspberry Pi 5 has
up-to-date firmware, and an M.2 HAT+ attached,
an installed PCle device will be probed at power on
and, if it’s an NVMe drive, it will be available as a
boot source.

Schematics

A nice side-effect of launching of the M.2 HAT+

a bit later has been all the third-party products,
such as the NVMe Base (magpi.cc/nvmebase)
from our friends at Pimoroni. We want to make

it easier to build high-quality PCle accessories

for Raspberry Pi 5, and so we’re publishing our
schematics (magpi.cc/m2schem) as a reference
design. You can also browse our documentation
for the M.2 HAT+ online (magpi.cc/m2hatdocs). £l

M.2 HAT+ on sale now at $12 | magpi.cc | m
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Spin

Ever wondered what death metal disco sounds
like? Spin will not only create it, but let you scratch
it, too, as Sean McManus discovers

Arvind
Sanjeev

Arvind is a design
technologist who
loves to experiment
between the
boundaries of the
physical and digital.

magpi.cc/spin

Danger!
Mains Electricity

This project involves
disassembling a mains-
powered record player.

magpi.cc/
electricalsafety

12 | magpicc | Spin

‘ d M y idea was to remove Al experiences
from black boxes and put them into
the physical world,” says Arvind

Sanjeev. “It’s an open invitation for people to

forget about the digital world and to try to create

something with AI.”

His previous project was Ghostwriter, a typewriter
which he converted to use text generator ChatGPT.
Humans type their messages and Ghostwriter types
its replies onto the same sheet of paper.

He wanted to create a family of devices and was
thinking about where else Al has been disruptive.
“The latest music Als have become so good that
it’s really hard to distinguish them from a human
creator,” he says. “Spin is this curiosity tool that
allows you to explore the boundaries of creating
music with Al I took a lot of inspiration from
old analogue synthesisers and combined it with a
digital vinyl system DVS.”

Using Al platforms, you usually describe what you
want in text. “It’s hard for someone who’s using
it for the first time to come up with a really nice
prompt,” says Arvind. “I wanted to bring as much
physicality into this interaction as possible, rather
than using a keyboard to type in what you want.”

Play that funky music

At first glance, Spin looks like a record player.

In fact, half of it is. The other half is a grid of
buttons. One row allows you to select a mood, such
as spacey, warm or dark. Two rows set the genre,
including death metal, trance and jazz. Three rows
are dedicated to sounds. There are instruments

(including drums, sitar, and violin) but also the
sounds of water, nature and opera. There are no
constraints on how many buttons you select, or
what combinations you use. If you can’t decide,
there’s a random button.

The duration of the music and tempo are set
using sliders. Knobs control the volume and
speed. “I thought: What are the maximum different
kinds of physical interactions I can bring to this
device?” Arvind says.

When you press the generate button, your
chosen options are used to create music. When it’s
ready, the record starts to rotate. “It is a signal or
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The record player controls
playback and is used for scratching

GENERATE DURATION — | ——— BEATS PER
- © li 80 \ 90 \ W20 a0 1| B0\

Quick FACTS

» Raspberry Pi stores
all the music files
to revisit later.

These knobs control the speaker volume

and speed of the record player motor » Meta trained
MusicGen with
20,000 hours of
licensed music.

» The record player is
a Numark PT-01.

» The Arduino Mega
has 54 digital input/
output pins.

» The project took just
under two months,
outside work.

<4 Raspberry Pi4is
mounted under the
record player. The
tiny HDMI screen is
shown bottom right.

Spin | magpicc | 13
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¥ Arvind removed
the record player
from its casing so it
would fit his cabinet

invitation for you to listen to it,” says Arvind, “but
in order to listen to it, you need to physically take
the needle and put it on the record.” By turning the
record backwards and forwards (scratching), you
can manipulate the sound.

Leave a light on

Inside the cabinet, Spin houses an Arduino Mega,
Raspberry Pi 4, and Behringer audio interface. There
is also a speaker and a tiny HDMI screen at the back,
connected to Raspberry Pi, to help with debugging.

The buttons have individual NeoPixel LEDs on
them (WS2812b) that light up when the button
is selected. They’re illuminated in an animated
pattern, using the FastLED Arduino library,
when the device is switched on, and 3D-printed
enclosures act as diffusers for the LEDs.

Arvind prototyped Spin on a breadboard, and
then used the open-source design software KiCad
to design a printed circuit board (PCB). The PCB
was made for him by a company in India.

14 | magpicc | Spin

He chose the Arduino Mega so he could be certain
he’d have enough input pins. “I always want a little
more freedom,” he says. “I can use extra pins if I
want to add something in the future.”

A keyboard matrix library takes the input from
the buttons and maps it as if it’s a keyboard. The
Arduino creates the text prompt for the Al by
combining the words associated with the buttons
and the tempo and duration options. The prompt is
sent to Raspberry Pi through a serial to USB cable.

Arvind’s Python program on Raspberry Pi sends
the prompt to MusicGen, running in the cloud. “At
the time, MusicGen was one of the most flexible and
creative platforms out there and it sounded relatively
good compared to others,” says Arvind. “The other
models didn’t have openly accessible application
programming interfaces that I could use.”

Spin me right round, baby
To play the music, Spin uses xwax, an open-
source digital vinyl system for Linux. This software



enables DJs to control the playback of music files
using a normal turntable and a time-coded vinyl
record. “It gives them the ability to scratch any
music,” says Arvind. “Instead of having music in
the grooves, it has timestamps. If you listen to it, it
sounds like beeps or a sine wave.”

The signal is sent as audio to a Behringer audio
interface, which converts it to digital for Raspberry
Pi. Xwax decodes the incoming sound into the
timestamps to control the music.

One challenge was that xwax uses a graphical
user interface and can’t be controlled from the
command line. Arvind used a keyboard emulator
to simulate the keyboard shortcuts required to load
the new track and play it.

The project didn’t run entirely smoothly. “It
failed at the last point, when everything was in the
enclosure, even though I’d been testing in stages,”
said Arvind. “I thought it was a software glitch,
or it had something to do with the needle not
being sensitive enough now because it had been
running a long time. I took everything apart, piece
by piece, and tested it. There was a loose contact
within the audio jack from the record player that I
had to resolder.”

I | took everything apart, piece
by piece, and tested it &

Arvind’s had queries from DJs asking if he’s
selling it, and he’s hoping to collaborate with
artists in the Bay Area when he relocates to
San Francisco shortly. He has no plans to start
manufacturing it, though, preferring to do
more experiments. “I would be happy to see
someone creating their own commercial version,
he says. “That would be a nice thing to see in
the world.”

What’s his favourite combination? “I love lo-fi
tracks,” says Arvind, “so I always start with a
combination of peaceful, hip hop, lo-fi and some
piano. But death metal orchestra and death metal
disco are really fun to try.” [l

bl
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Taking Al for a spin

01 The buttons are connected to the Arduino
Mega using a keyboard matrix. The Arduino

receives your button choices, and turns them into

a text prompt for Al.

[Feplicate

02 Raspberry Pi sends the prompt to

the MusicGen Al model, running on
replicate.com. Raspberry Pi converts the audio
from WAV to an MP3, which is played using the
xwax digital vinyl system.

03 The signal from the time-coded vinyl is sent

as audio, through a Behringer audio interface
to the Raspberry Pi. Xwax converts this audio to
timecodes and controls the playback.

Spin | magpicc | 15
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The Dicemaster 2000

It looks like a game controller but for visually impaired people this
dice-rolling device is actually a game changer as David Crookes discovers

”~

Christopher
Hall

Christopher Hall is

a Senior Network
Engineer from
Pikeville, KY, USA.
He's a maker at
heart and lover of
all things geeky.

magpi.cc/
dm2000

and he’s part of a local gaming group.

He attends with his best friend and the
pair have had many happy times but a medical
condition affecting his pal’s vision has threatened
to spoil the fun. “About a year ago, my best friend
was diagnosed with a degenerative eye disease,”
says Chris. “So when his birthday was coming up, I
wanted to do something special for him.”

Most of the games played by the group involve
the rolling of dice and the problem for his friend
was all too apparent: without someone reading out
the result, he wouldn’t know what numbers were
showing. The answer, Chris surmised, was a dice-
rolling device that his friend could use independently
which would read out the results and incorporate
some other handy features. “I figured it would help
him out and be a surprise gift,” he tells us.

c hris Hall enjoys playing board games

A The device makes use of a Raspberry Pi Pico board
connected to a protoboard which is wired to the buttons
and a PAM8302 2.5 Class D single channelamp

16 | magpicc | The Dicemaster 2000

From the start, Chris had an idea of what he
wanted from the device. “I knew what I wanted
to achieve - for my friend to press buttons,
for virtual dice to be rolled and the result to be
announced,” he says. “From there it was just
about figuring out which components to use and
how to lay them out efficiently. This needed to
be hand-held, so a compact design was a must.”

To that end, Chris modelled the device on a
gamepad. “I tried to imagine a controller, like an
Xbox controller,” he says. “I sought to work out
how it would look, feel and where the thumbs
would rest. I wanted to make something that was
comfortable and felt familiar and I also needed it
to operate without being plugged in so I chose a
Raspberry Pi Pico and used an 18650 battery shield
to power it along with the other components.”

Roll with it

Selecting the Raspberry Pi Pico meant the dice
roller could be compact and use minimal power.
“It’s instantly on and it was able to handle the
different components I needed, such as a microSD
card reader, an audio amp with speaker and a
litany of buttons,” Chris says.

Those buttons would be 3D printed with Braille
so that his friend would be able to read their various
functions and control the device effectively and
independently. “Adding Braille wasn't very difficult,”
Chris says. “I designed flat button caps then added
the Braille numbers to them in Blender, the free
open-source 3D computer graphics software.”

Board games often make use of non-traditional
dice - in other words, they’re not always familiar
cubes with six marked faces. The standard
polyhedral dice set also includes those with four,
eight, ten, 12 and 20 sides (the entire set being
referred to as d4, d6, d8, di0, di2 and d20). “I
needed to have a button for each one,” Chris says.
He also added two extras: Reset and Roll.
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» It's a handheld
dice-roller for visually
impaired people

» Each of the buttons
is imprinted with
Braille numbers

» It can mix and

Dicemaster 2000 doesn't actually match six different
mean anything. “I always thought die types

it was funny when people talked
about future tech by slapping
2000 in the name," Chris says

> Die pools can be
saved and loaded

Each button to the left represents
the six dice in a polyhedral set.
Four of them can be long-pressed

for extra functions > There's a power

switch to save
battery life

T NONG PEECR MODES - -

09 - TOGGLE QUIET MODE

& & ORGSR MOLES - »

To make the device easier to
hold, Chris added some grips
to the 3D-printed casing. It also
makes it look more striking

I | designed flat button caps then added
the Braille numbers to them in Blender &

The Dicemaster 2000 | magpicc | 17
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A The prototype
Dicemaster 2000
with its eight
buttons and 18650
battery shield

P Asyoucansee, as
wellas a rechargeable
battery and a lot of
soldering, the device
is neatly wired

18 | magpicc | The Dicemaster 2000

Writing the project in CircuitPython, he created
a device that would allow his friend to press one
of the numbered buttons to add it to the die pool.
When the dice are ready to be rolled, it’d be a case
of pressing Roll and listening to the result when it’s
announced. “In addition, there are some long press
modes,” Chris adds. “If you hold the d4 button for a
few seconds, you will enter quiet mode which plays
chimes rather than speaking out every die entered
and describing what it’s doing. It still announces the
results of the roll, but it can cut down on time and I
added it in case the normal mode was too distracting
to other players at the table.”

Holding down d6 saves the current die pool.
“This is useful if you’re playing something like
Dungeons & Dragons and constantly need to roll
that big 8d6 fireball [that’s eight d6 dice being
rolled at once],” Chris continues. “Long-pressing
d8 will load the saved die pool from the microSD
card, and that means the saved pool will persist
across uses.” Long-pressing the d10 enters
percentage mode which, rather than rolling dice,
will simply give a percentage between one and 100.




Play the game

Coding all of this was a challenge. “Interfacing
with the audio amp was tricky and I wish the
device was a bit easier to understand in terms

of audio quality, but this may have been due to
everything being built on a prototype board,” Chris
laments. He also found it difficult to perfect the
controller shape. “The housing was 3D printed in a
single colour and the top was painted red. I had a
good friend of mine help with the ergonomics of it.
There was also a lot of soldering,” he adds.

Even so, it’s been worth the time and effort.
Chris’ friend loves using the device and he finds it
allows him to fully participate in games. It’s also
comfortable to hold, easy to use and very effective.
What’s more, you can replicate it because Chris has
made the code open source and he has also shared
the 3D files on Printables (magpi.cc/dm2oo0ofiles).
In that sense, it’s capable of helping many other
people with a visual impairment.

Chris is certainly happy overall even though
he would have done some things differently. “If
there is one part of this project I wish I had done,
it would have been to design a custom PCB using
something like KiCad - if only I'd had issue 138
of The MagPi [magpi.cc/138] when I started! It
probably would have helped a lot with audio issues
and made for a cleaner build overall. It’s definitely
on my list of things to learn for future projects.” Il

A

/
'

The case took some
time to perfect, but it's
been designed to be
comfortable to hold
while giving easy finger
access to the buttons
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Users press buttons representing the
six types of polyhedral dice (d4, d6, d8,
d10, d12 and d20) to add them to the dice pool.
Dicemaster 2000 will hold a pool of up to 20 dice,
either all the same type or a mixture.

Once the correct number and type of dice
have been added, the user presses the Roll
button. The result is verbally announced via the
built-in speaker. If Roll is pressed again, the result
Wwill be repeated. Reset empties the pool.

& 7 LONG PRESC MODES = #
D% -TOGGLE QU
D6 - SAVE CURR
D8 - LOAD CURRI
DI0 - TOGGLE PERC
“ A LONG PRECC MODES » -
i i SN

The different modes make life even easier.
A die pool can be saved and loaded to a
microSD card which is inserted in the top of the
device. The device can be made to talk less by
long-pressing d4 to make use of chimes instead.

The Dicemaster 2000 | magpi.cc | 19
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Colour Word Clock

The GurgleApps siblings return to their roots with this fun and practical
word clock kit. Rob Zwetsloot spends some time with it.

GurgleApps

Amelia, Caleb,

and Zivya are the
three-person team
of GurgleApps, a
STEM YouTube
channel focusing on
electronics that has

been going for years.

They're also siblings.

magpi.cc/
colwordclock

The completed
kit, ready to tell
the time

urgle Apps has been making fun
G electronics projects (and tutorial!) videos
for years now, and we’ve included what
they’ve made in the mag several times. The three
siblings Amelie, Caleb and Zivya are back again in
these pages with a kit that you can actually build
yourself - the Colour Word Clock.
“One of our first ever projects was a tiny 8x8
LED matrix word clock using a Raspberry Pi,” the
siblings explain to us. “At that time we were too
young to do it on our own, our Dad made it to teach
us a bit of Python and electronics. We remember
making little pictures on an 8x8 grid on paper then
turning it into binary then hex to get it to display
on the LED matrix.”
You can still see the video on their channel:
magpi.cc/gurgleapps.
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“We wanted to make some kind of kit for people
to build and hack and remembered that fun little
project,” they continue.“[1t] can be controlled via a
web interface on any device connected to the same
network. The clock displays the time in words and
has a variety of display modes... It was important
to us that the code was open source and the kit
was easy to build and modify. The kit is aimed at
beginners and experienced makers alike. It was
also important to us that the kit was affordable,
and if you don’t want to buy the kit you can build it
yourself using the open-source code and easy-to-
source components, and 3D-print the case. All the
case files are open source and free to download.”
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LEDs light up the words
so you can read the time

The black fascia
gives the project a
professional look

» This is not their first
product - that was
the Raspberry Pi
Pico Pinout Coaster

» You can still get the
code for the original
LED matrix used

» There's a limited
run of white face
plates for the clock

» The code is being
updated with
features added by
the community

» They admit to
treating their Picos
pretty roughly,
but they always
keep working

Colour Word Clock | magpicc | 21
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A The kit is compact
but comes with
everything you
need for the build

Warning!
Hot solder

Soldering irons get very
hot, and stay hot for a
long time after they're

unplugged. Make
sure that you put the
iron in the stand when
you're not using it and
don't touch the metal
parts - even after it's
unplugged.

magpi.cc/soldering

» The white version was

5
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[l We had to go to the Raspberry Pi Store in Leeds to

get more Picos and had both 3D printers running
pretty much constantly to get more kits made

Reliable Pico
The wireless capabilities of the project were
extremely important to the siblings.

“We’d just open-sourced a MicroPython Web
Server (magpi.cc/mpwebserver) to control projects
using a browser, and thought it would really show off
what it could do,” they say.

Despite their love of Raspberry Pi Pico (“we usually
use Raspberry Pi Pico unless there is a specific reason
to use something else,”) they began experimenting
with another microcontroller, however it just
couldn’t hack it.

“We found the Wi-Fi connection degraded when
we left it running for a few days, we went through
four different [microcontrollers] and they all had the
same issue,” they explain. “At this stage the clock
was still a tiny 8x8 LED matrix word clock which
used I2C and SPI, and we also had intermittent issues
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with the I2C connection. We have so many Raspberry
Pi Picos lying around that we decided to try one of
those and it was bulletproof from the start.”

Like a lot of products, the clock went through
many design changes - as you may have noticed, it
definitely doesn’t ship with a tiny 8x8 LED matrix.

“If you’ve seen any of our videos you’ll see projects
stuck together with Blu Tack and gaffer tape, but you
can’t do that with a product you’re going to sell,”
they admit. “We went through hundreds of different
designs and prototypes. The 3D-printed faceplate
alone we tried with dozens of different fonts, sizes
and colours. Dropping the small 8x8 LED matrix was
a big decision, we had to start again with the code
and the faceplate. We had to make the clock bigger to
fit the larger LED matrix and completely redesign the
case but it started to come together and look like a
product we’d be proud to sell.”
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Rave reviews

Like Raspberry Pi itself, GurgleApps had modest
expectations for the Word Clock - and they were
completely smashed.

“We only had 10 kits and they sold out
immediately,” they say. “We had to go to the
Raspberry Pi Store in Leeds to get more Picos
and had both 3D printers running pretty much
constantly to get more kits made.

“What we are most pleased about though are
the comments and support from people who have
bought the kit. We’ve been astounded by the way it
has been hacked and modified by people who have
bought it. A teacher sent us a photo of him using it
in class to teach English. Pretty quickly we’d seen
the clock doing things we’d never thought of. The
ingenuity of the people who have bought the kit has
been amazing. We’ve had something new to show
every week on our Sunday live streams and get to
chat to the people who have built their clocks.”

Rob has one ready to build for his office desk,

a topic you may remember causing him some
concern in a previous issue’s Final Word. We hope

Layers of fun

You'll need to solder the correct wires to
Raspberry Pi Pico and then to the LED
board - there's only three to worry about though.

V¥ The complete Word Clock
is a great looking accessory

they make their way to desks around the world. [ to your techy desk

Much like a Pimoroni PiBow, you assemble
the case up in layers, starting with the
faceplate with the words on.

Add the backplate to secure Pico and
you're ready to go - you'll just need to add
the software and turn it on.

Colour Word Clock | magpicc | 23
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Puttr

Getting good at golf without the green fees with a bit of help
from Raspberry Pi? Rosie Hattersley wants to know more

Matthew
Allard

Puttr CEO Matthew
has worked on
mobile software and
for AOL on smart
home development.
This is his first
Raspberry Pi project.

puttr.co

P The 3D printed and

injection moulded
case doubles as a
storage case
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are (according to urban myth or business

tropes) stuffed to their expensive gills with
bag after bag of golf clubs; their owners while
away the working week so they can head off to
the fairway and execute some impressive swings
and putts.

What joy to learn of a miniature putting mat
that puts those otherwise idle clubs to good use
mid-week too. Puttr (puttr.co) makes excellent use
of Raspberry Pi 4 and an HQ Camera to determine
whether a putt is made or missed, logging results
on a linked app.

Like many great ideas, Puttr came about because
of some enforced downtime during lockdown.
Entrepreneur and founder of several successful
start-ups Matthew Allard had been on the golf
team at university, and lockdown had him
contemplating an at-home putting game that
he and his son could both enjoy. Matthew had a
personal interest in how software and computers
can interact with the real world, and having taken
post-graduate courses in embedded systems was
keen to make use of what he’d learned.

One thing Matthew knew already was that
“putting practice is boring and lonely” (don’t they
have crazy golf courses in the US?) yet it accounts
for 42% of time golfers put in. Creating a means to
connect fellow golfers and ‘gamify’ putting could
transform this rote activity and allow members
of the golfing community to challenge each other
with online tournaments.

E xecutive boardrooms up and down the land

Hits and misses

Matthew originally aimed to track made and missed
putts via an app using sensors in the hole of an at-
home putting mat hooked up to GPIO pins. However,
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The hole in a golf
course is only 2.5x
the diameter of
the ball

Off-course golfing
exceeds on-

‘ course golfing

Adjustable legs
help ensure the
playmat is fully flat

- ‘
A perfectly flat putting mat
is vital: the camera comes
in useful again here, lighting “ While Raspberry
up an LED when alignment Pi's camera

is just right provides a visual

’__‘:! // - 3 . confirmation...

- ..then automatically
| connects putting
mat to phone
via Bluetooth

”~

Puttr uses Raspberry Pi 4 and a
wide-angle camera to detect
‘made and missed’ putts,
gamifying an otherwise repetitive
aspect of golf practice

Shots can be taken from
different places on the 11-foot
putting mat, with results logged
to the Puttr app and optionally
shared with followers
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V¥V Putts can be
attempted from
multiple distances
with balls returned
down a chute

P Putting mat and

chute rollup and are

storage in the self-

contained Puttr box
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he soon discovered this approach was limited: “I
could detect when a ball went in the hole, [but]

T couldn’t detect missed putts.” Next, Matthew
tried break-beam IR sensors to get more precision
and measure missed putts, as well as ‘makes’, but
“quickly realised that any sun exposure would cause
false positives in the break-beam”.

A friend tipped him off about Raspberry Pi, and
Matthew soon saw he could use computer vision
and a wide-angle lens to detect the location of the
physical hole, then track any golf ball that passed
its field of view. Once a ball has entered or exited,
it sends the full ball path data over Bluetooth to
a connected app on an iOS or Android device, he
explains. Details of each putt are logged, with the

user able to access stats on their performance and
optionally share it with other Puttr users.
Raspberry Pi quickly proved a great choice,
since it offered an operating system with all
the tools he needed for the software along with
good value hardware that worked well together.
“Many suppliers tried to talk me into creating my
own board [but] there were many reasons to use
Raspberry Pi.” The camera connection, Bluetooth,
Wi-Fi, and processor were all included. Matthew
was also encouraged by the strong community keen
to help with any troubleshooting he might need,
given this was his first ever Raspberry Pi project.

Embrace the light
At first, Matthew stuck with his infrared break-
beam idea, testing it in his garage in the evenings
after long days at his day job. There were “a ton of
tweaks” to get the computer vision to work well
under different lighting conditions. Eventually, it
seemed as though the beams were working just as
he expected. “I would get a break when the ball
enters the ramp, and another one when and if it
entered the hole. Perfect!”

Replicating results when demonstrating
the embryonic Puttr game to his son was less
successful. In fact, it didn’t work at all in daylight.
Matthew eventually realised that sunlight hitting
the beam’s receiver was preventing the circuit
being broken even when a ball passed through



it because it emits infrared rays of its own:
“Apparently I missed that in school!” Connecting
Raspberry Pi 4 to a GATT server (for Apple devices)
as a headless Bluetooth peripheral meant code
pairing was not an option. Instead, Matthew
created a Bluetooth Write Characteristic that can
receive a Wi-Fi SSID and password specifically for
the task. He then wrote all the computer vision
code and app software to make Puttr work.

[ The Puttr app has logged
more than a million putts @

Prototyping involved laser-cutting Baltic
birchwood, and Matthew’s first foray into 3D
design and printing using CraftCloud to create the
box used as both ball tracker and holdall, the ramp,
and ball return chute. The clever design is portable,
with the mat rolling up inside.

Matthew praises the “stable, tested OS, camera
interface, Bluetooth and Wi-Fi, and says choosing
Raspberry Pi meant R&D took at least a year less
than choosing a different setup with costs that
would have been much higher. New versions and
applications are already planned. Since launching
18 months ago (after a successful Indigogo
crowdfunder), the Puttr app has logged more
than a million putts. The clever take on pitch and
putt now has worldwide league tables, games and
challenges, with a subscription model for golfers
keen to pit their skills against others. [l

V¥ The Raspberry Pi camera
tracks the golf ball as
it approaches the hole,
logging whether it is putted

PROJECT SHOWCASE | Mdigri I

Pitch for perfection

Creating a putt-tracker involves mounting
Raspberry Pi 4, an infrared lens and wide-
angle camera lens in a case (Puttr's was injection-
moulded). Custom computer vision code for

Raspbian Buster Lite OS discerns successful putts.

The box also contains a printed circuit board
and a USB LED light placed above the golf

hole, plus a break-beam laser mechanism triggered
by the golf ball rolling into the hole or running wide.

The Puttr app automatically connects the mat
to the phone or tablet via Bluetooth and records
statistics for each player's putting average.

Puttr | magpicc | 27
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MathGPT

A fun way to learn maths, powered by Raspberry Pi
and Al, Rob Zwetsloot sees if it adds up

been quite staggering - many of which
we’ve covered here in the magazine.
From recipe bots to interactive story tellers, and
compliment givers to fortune tellers, the uses seem
endless. Maker Divya Chandana has brought us a
new one: an educational toy that helps children
Divya learn maths.
Chandana “Unlike traditional math exercises, this
—_— interactive game transforms equations into
relatable scenarios, such as ‘two candies + three
software developer @ 2 i
who also loves candies,” and can dynamically change objects
to collect rocks with each question to maintain engagement and
and crystals, build curiosity,” Divya tells us. “The game utilises
LEGO, and explore .
fechnsiogy ChatGPT to generate questions, seamlessly
B—— adjusting difficulty as children progress in the ‘1 Ball + 7 Balls
ma?hpg}at game and featuring arithmetic operations including ; I ‘msg 8 . 3
addition, subtraction and multiplication.” ;-
- ‘
i€

T he uses of LLMs with Raspberry Pi have

A Texan senior

It’s built in a fun LEGO facade, with LEDs letting
you know if your answer was correct or not. This
provides immediate feedback ‘without punitive
scoring’ says Divya, and allows kids to keep trying
until they succeed.

“As children conquer level one with all correct
answers, they unlock subsequent levels for
continuous learning and enjoyment, devoid of
penalties or restrictions,” Divya explains. “The idea
started when I noticed my neighbour’s kid having
a tough time with maths, especially with numbers.

P Divyawith het When I switched the questions to use objects
creation - it's not
quite all enclosed yet instead of just numbers, like talking about apples

28 | magpicc | MathGPT
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The lights are used to
let the child know how
they are progressing

VSSVDDVO RSRW E DO D1 D2 D3 D4 D5 D6 D7 A K

1 Ball + 7
H 2

The screen shows
the questions

~ - » ,
‘ I : / created by the LLM
0 ) ' Quick FACTS /4

» Currently answers
are input via a
keyboard

» A traffic light system
is used to indicate
to the child of their
progress...

» .. with yellow

o P LA ; oSS showing the
%’/ €~ "'/‘//// A 74 transition to the
’ Divya made use of her love of LEGO 2 : 7 GA next level
A | to build the enclosure of the device /7 ’ 4
- *"/ e S— 7/ z - > The code is open
- 7 / source

» The LLM API used
is gpt-3.5-turbo

<4 Evenifyou get the
answer wrong, you
can try again - it's a
non-punitive scoring
system as well

< Multiplications
are also included
for slightly more
advanced questions
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1 Raspberry Pi also makes integrating ChatGPT
straightforward, allowing for the use of Al
technology without complications &

30 | magpicc | MathGPT




or toys, it was like [a switch turned on]. Suddenly,
they could picture it in their mind and come up
with the answers. It made me see how this kind of
approach could help with visual, verbal, and logical
thinking. I thought if one kid was struggling,

there might be others facing the same issue. So, I
decided to create a fun and engaging way to learn
maths, using what I had learned to help kids grasp
the concepts more naturally.”

Wrangling an Al

Divya broke down the build process into

multiple parts: conceptualising and design,

game mechanics, software and Al integration,
choosing the hardware, programming, and
testing. With the concept and game mechanics
already sorted, she began designing the prompts
to be used. “Designing the prompts for the
OpenAlI API was crucial,” Divya tells us. “The
prompts needed to be carefully crafted to generate
questions that are age-appropriate, engaging, and
varied in difficulty.”

Raspberry Pi became the computer of choice for
the project after this initial development.

“I chose Raspberry Pi 4 for this project because
it’s affordable and portable, making it an excellent
option for a setup that can be easily moved
around,” Divya explains. “Raspberry Pi also makes
integrating ChatGPT straightforward, allowing for
the use of Al technology without complications.
Plus, it’s simple to connect hardware like the LCD
display and LED lights to Raspberry Pi.”

After testing and refining her program, she built
the very striking LEGO enclosure. “This hands-
on approach not only protected the electronics
but also added a playful, tactile element to the
project,” Divya says.

Next steps

The project works perfectly in its current form,
with Divya quite proud of how the user interface
is easy to use. She’s not done yet though.

“The next iteration, MathGPT2, aims to
introduce story-based math problems,” Divya
says. “This approach will make learning even more
engaging by weaving arithmetic operations into
compelling narratives, allowing children to solve
math problems within the context of stories.”

She also plans to add multilingual support, and
even voice support starting with text-to-speech
and maybe moving onto voice input too. £l

» With Math GPT on wheels
it looks like it truly is
portable, like Raspberry Pi

PROJECT SHOWCASE | Mdigri I

A game of maths

i
01 Turn it on and Math GPT greets you, ready

to start giving you questions. Input is
currently made via a keyboard.

02 Correct answers to the questions posed via
ChatGPT light a green LED to let you know

you're going on to the next question. Wrong answers

result in a red, but you're allowed to keep trying.

03 At the end of the level, your score is tallied and
you go onto the next level. Questions become
harder, yet are still suitable for children.
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Retro gaming
maglC MIITor

David Edwards' magic mirror gives information about the present and future
while also providing a blast from the past, reflects David Crookes

David
Edwards

David Edwards

has been tinkering
with electronics
from a young age
and he presents
insightful videos for
Elementi4.

magpi.cc/
retromirror

A \Vith no information being displayed nor any game

any hobbyists have used Raspberry
M Pi to create a magic mirror or a retro

games console. But, as David Edwards has
shown, it’s possible to do both at the same time,
taking the concept of a magic mirror and a console
to a whole new, playful level.

“I have long wanted to build a magic mirror,”
David says. “It’s a great way to access common
information that would otherwise be locked on a
smartphone. I have also liked wall-hanging small
arcade machines, but I have neither the space or
permission to install one! The solution, for me, was
to combine both concepts into one device.”

With that in mind, he went big. And we mean
really big. He took a 65-inch touchscreen and
connected it to a Raspberry Pi 5 computer, figuring
games would look amazing across such a large
display. It also enabled David to create a full-
length mirror, despite it posing
issues of its own.

“Working with such a large
display was a challenge due to the
physical weight of moving and
manipulating it,” he explains. “I
think it weighed 48kg so I really
shouldn’t have been lifting it on my
own. I was afraid I would break it by
letting it flex, cracking the screen.”

Looking good

Initially, David tested the concept
using a Raspberry Pi 3 computer
and an official Raspberry Pi
seven-inch touchscreen. He played
around with PINN, a version of the
NOOBS operating system installer,
and sought to get everything
working with RetroPie before

e

being played, the device is a simple, full-length mirror ordering the larger equipment.
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“Unfortunately, the curse of the early adopter
struck, with RetroPie and PINN not having official
support for Raspberry Pi 5 at the time,” David
says. “It took some time to get PINN working at all
and, even then, I think Raspberry Pi 5 support was
questionable.” David switched to Recalbox which
was installed on one partition. Another partition
was used for the magic mirror functions.

@ | wanted the mirror to
play as many gaming
platforms as possible @

A The display activates
when someone
walks in front of it,
showing the time,
date and more
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David had trouble getting
the screen to display
horizontally so there was

some initial neck-craning As with all magic mirrors, the display
is covered with a mirror film which
David says he needs to reapply

==

» It uses Raspberry
Pi OS’ Magic
Mirror app

» Game emulation
is accomplished
via Recalbox

> It's fitted with
Raspberry Pi 5
The 65-inch display’s bezel is thicker at
the bottom which meant the size and
shape of the frame was tricky to perfect

» The system
draws about
200W of power

» So it only activates
“I wanted the mirror to play as many gaming when someone is
platforms as possible,” David says. “To achieve this close by
I figured I needed the most processing power, and
the Raspberry Pi 5 seemed the best way to go. So
far it has proved more than capable of emulating
games on many platforms without much trouble.”

On reflection
David also added motion-sensing using a PIR
sensor. When someone walks in front of the
sensor, the screen turns on. When the person
moves away, it turns off. The display also turns
off at night and comes back on in the morning,
using the Raspberry Pi OS’ Magic Mirror app to
show the weather forecast, a calendar and more.
The build also includes an RS232 converter so
that the Raspberry Pi’s Universal Asynchronous
Receiver/Transmitter (UART) can be converted
for serial communications.
When you want to play, controllers can be
connected via Bluetooth Low-Energy or USB, and
the games look a treat on such a large screen.
There is still room for improvement, however. “I
still need to get around to reapplying the mirror
film again,” he says. “I’d also like to spend more
time with the plugins to the magic mirror platform,
maybe even develop a couple of my own to make 4 Wiisrassomblad
the best use of the screen real estate available. the magic mirror
Maybe in the future there is scope for a camera, diistBoots betwoan

" . . . Raspberry Pi OS
facial recognition and a multi-user experience.” £l and Recalbox
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V¥ The Homey Pro
Smart Home Hub

SUCCESS STORY Rul:[:[sIKao?£{I{do-133

Homey Pro
smart home hub

An advanced hub that makes smart home systems smarter,
more customisable, and easier to control. By Phil King

4, Homey Pro (homey.app) gives users a

single interface to control and monitor all
their smart home devices from different brands.
It does everything on the local network, not in the
cloud, for the lowest latency, highest reliability,
and strictest privacy.

Athom was co-founded in 2014 by Emile Nijssen
and Stefan Witkamp in The Netherlands, launching
its first Homey device, a smart speaker/home
hub, via a Kickstarter campaign. Since then, the
company has released a series of Homey models
with ever-increasing processing power and more
advanced feature sets.

P owered by Raspberry Pi Compute Module

I Homey Pro has a wide target audience:
anyone with smart devices who wants
to automate their home &
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The latest in the line is the new-generation
Homey Pro smart home hub, based around
Raspberry Pi Compute Module 4. Designed to be
compatible with “practically all” smart devices, it’s
packed with modules and antennas to support a
wide range of communications protocols.

Homey Pro enables users to control their entire
smart home from one place with a smartphone
app or web dashboard. Home automations can
also be programmed via an easy-to-use card-
based ‘Flow’ system, with no coding knowledge
required. A large community of users share their
Flow creations with others, and even publish apps
to the Homey App Store.

The challenge
“With Homey Pro we really wanted to make the
world’s most advanced smart home hub,” says
co-founder and creative director Emile Nijssen.
“We always try to strike a balance between user-
friendliness and polished design... but also very
advanced software. So our customers can go really
deep and customise many things, but still without
sacrificing usability. That’s the main reason our
customers choose Homey instead of open-source
projects or limited stuff like big tech delivers. They
want the best of both worlds.”

The new-generation Homey Pro was in
development for over two years and is built
upon the architecture of Homey Bridge, released
in 2022 to add local wireless connectivity to
earlier Homey models. To work with the widest
possible range of devices, it supports numerous
communications systems, including Zigbee,



Z-Wave, Wi-Fi, Bluetooth, 433MHz RF, infrared,
and Thread.

One challenge was to fit all the necessary
antennas and modules into the device. “We didn’t
want it to look like a gaming router with all these
antennas sticking out,” says Emile. “So getting
that right took a long time. And we also wanted to
profit from the development that we did on Homey
Bridge. So actually while designing Homey Bridge,
which is sort of a light version of Homey Pro, even
if you look at it from the outside, we already were
thinking about how we could put our own carrier
board on top of it that could carry, for example, a
Compute Module.” Doing this would offer a way
to support all the communications modules that
were needed, while providing a mature software
environment that would help the team build a rich
and frictionless user experience.

The solution

“At the point in time when we were designing, the
Compute Module was a perfect candidate for what
we wanted to do because the time to market is
faster,” recalls Emile. “We didn’t have to reinvent
the wheel to build a small Linux computer.”

SUCCESS STORY | Meigri I

< Raspberry Pi
Compute Module 4
inside the Homey Pro

Instead, the team was able to focus specifically
on the excellent smart home functionality they
aimed to offer.

Integrating Raspberry Pi Compute Module 4 into
the design was straightforward, he says. “It’s well
documented. The software is readily available. And
that’s something I'm very proud of: we did really
build on the booting software so that the Pi turns
into USB mode so you can flash it with software. And
we built this beautiful website around it so you can
actually flash your Homey Pro within the browser.”

Most of the other electronics within the device
are communication modules. “We have Zigbee and
Thread. They share a radio, and we have a Z-Wave
chip, and we have a 433MHz modem from Texas
Instruments.” There’s also an infrared LED to
transmit IR data, along with an RGB LED ring to give
feedback to the user. Everything is connected to a
Raspberry Pi Compute Module 4, which also controls
an ESP32 board to talk to some other peripherals.

Why Raspberry Pi?

“I’ve always had my eyes on Raspberry Pi from
the beginning,” reveals Emile. “So finally when
the Compute Module 4 with Wi-Fi and Bluetooth
was announced, we jumped immediately on it.

I think like one day after the announcement I
called my electrical engineers and said, you have
to throw everything you did in the trash and we’re
switching to this right now.”

He says the main advantage of using Raspberry Pi
is the software support. “I mean there are a lot of
Linux boards out there, but they come with a ‘build
your own device tree’ kind of vibe. So the Raspberry
Pi community is amazing. There’s a lot of stuff
already done before you. For the Compute Module

itself, it strikes a pretty good balance between 4 TheHemsy B

functionality, form factor and cost.” Insights Dashboard
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@ hup mynomey.app

) Flows

The results
Homey Pro has a wide target audience: anyone
with smart devices who wants to automate their
home, but doesn’t want to spend too much time
setting it up. “They want something that works
out of the box and then they can start to play with
it and go from there,” explains Emile. “I’d like

to call them nerds with taste. So people who just
enjoy a great product that’s polished, that has a
lot of love in it.” It also makes it easier to use a
wide range of smart devices without the need to
resort to multiple smartphone apps: “That’s where
Homey comes in to make a great experience by
bundling those devices.”

Emile notes that it’s easier to set up and use
than an open source solution such as Home
Assistant, saying that users “switch to something
like Homey Pro because it’s a commercial product
that works out of the box, but they still have the
freedom to configure it as they like”.

The latter is achieved using

4 Creating advanced flows in
the Homey Pro web app

V¥ Controlling devices
from Homey Pro's
smartphone app

actively working on new energy solutions that give
customers insights and help them actively save
energy, and not only save, but also balance their
energy usage, because that’s really what’s hot right
now in the market.” To that end, the Homey Pro
system enables you to monitor energy usage in
your home by different devices. “You can see their
energy usage. You can also see beautiful charts of
all your devices [and] sensors.”

Another appealing aspect for many customers is
that Homey Pro is very ‘privacy first’. “We don’t
sell data. We’re a simple company. We make a
great product that we ask some money for, and
then you’re done. So it’s very straightforward. So
especially if you compare [it] to big tech, that’s a
big reason why people choose Homey over Google
Home, for example - not only because it’s more
advanced, but also because they want their home
to feel safe.” I

Flow automations. “You have all & = = TN -
these cards that you can drag and Sood momirm, gy Mytlomes - @ i
drop; when the last person left L ki ©
the home, and it’s during the day, e it Gl =
then turn off all the lights, for F::’"D o g = o oo A“d“““" ‘‘‘‘‘‘ teee
example. So it’s very easy. And —- e ‘W M' b Y“ ® ooz
it’s drag-and-droppable. You can _—— Z o
draw lines between these cards. So O roess Qomereet e Dﬂ » Then
it’s basically programming, but it Tineioe el fonen
doesn't feel like programming.” Q S

Emile says that monitoring Q impmen @ i
energy usage is becoming more & 8 = @ rout

\ J J \U

and more important. “We’re very
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EXPLORERS!

WITH A RUGGED ROBOT, EQUIPPED WITH WHEELS
OR LEGS, YOU CAN EXPLORE THE SURFRACE OF R PLANET
AND USE SENSORS TO ANALYSE ITS ENUIRONMENT

BY PHIL HKING

hether on another planet, or our own, robot rovers are
W commonly used to explore hostile environments too dangerous
for humans. Equipped with a camera and various sensors robots
can analyse the environment and detect dangers. Some even have a robotic
arm to manipulate objects.
You can build one of these robots from the many Raspberry Pi robot kits
avaﬂable' 'Ihesa are smaller, and more affordable maklng it easy to get mvolved
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STARTER ROBOTS

IF YOU'RE NEW TO ROBOTICS AND WANT A SIMPLER PROJECT
TO GET STARTED WITH, WHY NOT BUILD ONE OF THESE KITS?

CAMJRM EDUKIT #3

magpi.cc/camjamedu3

One of the most affordable starter kits around, it includes the components
needed to build your first wheeled robot, including a motor controller board,
two DC motors and wheels, ball castor, mini breadboard, jumper cables and
resistors. You even get a couple of sensors: ultrasonic for obstacle detection,
and a line follower to track black lines marked on the floor.

The only thing missing - apart from a Raspberry Pi and four AA batteries to
power it — is a chassis. You can either buy one or use the kit’s cardboard box.

Detailed online worksheets, based around Python 3 and GPIO Zero, take
you through building and programming the robot, including getting it to
move autonomously.

4 This entry-level kit is ideal for beginners and even includes a couple of sensors

PI2G0 MK2 magpi.cc/pi2go2 FROM £43

In the standard Pi2Go kit, you get everything apart from a Raspberry Pi and
six AA batteries - if using a Raspberry Pi 4 or 5, you’ll need to switch in a
2 x 18650 battery board. There’s also a 4WD pack option to convert it into a
four-wheeled robot.

The main motor driver board is packed with sensors: four analogue light
sensors, two infrared, and two line-followers. Two breakout slots let you connect
the supplied ultrasonic distance sensor and it includes a four-digit display,
although you could switch these out for other Breakout Garden-standard sensors.
An extra 12-pin connector enables you to add up to four servos too.

<« This two (or four) wheeled robot is packed with features and sensors, plus expansion options

TRILOBOT magpi.cc/trilobot FROM £53

Described by Pimoroni as a ‘mid-level’ robot, the Trilobot is designed to be
simple for newcomers to get started with while offering plenty of possibilities
for adding extra functionality via numerous ports and headers.

The standard Base Kit includes everything you need apart from a Raspberry Pi
4, USB-C power bank, and optional Camera Module. The main PCB seamlessly
integrates a DRV8833PWP dual H-bridge motor controller, connected via short
cables to the pre-soldered shims of the metal-gear motors. Two moon buggy
wheels are supplied alongside a metal ball castor for the rear.

While not yet compatible with Raspberry Pi 5 (or Raspberry Pi OS based on
Bookworm), the Trilobot is a terrific two-wheeled robot that even features
six RGB LEDs for cool underlighting effects.

4 The supplied ultrasonic distance sensor and optional Camera Module are mounted at the front of the robot
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EXPLORER ROBOTS

START EXPLORING THE OUTDOOR TERRAIN OF THE PLANET WITH ONE
OF THESE ROBOT KITS, MANY EQUIPPED WITH MULTIPLE SENSORS

TINY 4WD magpi.cc/tiny4wd

The Tiny 4WD’s design originated in a tutorial written for The MagPi many
moons ago, but this is a much-improved version. Controlled by a Raspberry
Pi Zero W (not supplied), this mini robot is sturdy and powerful enough to be
used outside, even on gravel paths.

The kit contains all you need to build the chassis, including a mount for a
Camera Module, while a Pimoroni Explorer pHat drives four motors that spin
the large grippy wheels. A mini breadboard is also included, enabling you to
add optional sensors.

4 One of the smallest robots around, the Tiny 4WD is a mini marvel that can handle the outdoors

PICAR-K

magpi.cc/picarx $82 (E64)

One of SunFounder’s range of PiCar kits, it has four chunky wheels and
is crammed with features including ultrasonic distance and line-follower
sensors, a built-in speaker, rechargeable custom battery pack, plus a camera
with a servo to rotate it. By streaming live video, you can get a first-person
view from the robot. The PiCar-X is programmable in Python or Blockly

- online guides and videos help you get started. Al computer vision enables
the robot to drive itself and recognise objects, faces, and hand gestures.

4 Packed with features, this is one smart car - with text-to-speech, it can even talk

ZuUMO 2040 magpi.cc/zumo2040 £150

A classic method for navigating tough terrain is to equip a vehicle with
caterpillar tracks. That’s the case with the Zumo 2040 from popular robotics
brand Polulu. As the name suggests, it’s powered by an RP2040 chip, as
featured in Raspberry Pi Pico. So it’s easy to program using MicroPython,
C/C++, or the Arduino language. At just 10cm long it’s small, but is jam-
packed with features including four proximity sensors (on the front and
sides), five downward-facing reflectance sensors for line following or edge
detection, and even a built-in IMU (inertial measurement unit).

<« This mini tracked robot can navigate difficult terrain while using an impressive array of sensors
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TURBOPI

magpi.cc/turbopi $190 (E149)

When it comes to manoeuvrability, Mecanum wheels are the ultimate upgrade,
enabling a vehicle to move sidewards and spin around on the spot. That’s why
they’re used on some forklift trucks. As well as offering 360° omnidirectional
movement, HiWonder’s TurboPi car carries an HD camera on a pan-tilt
mount. This can be used with the OpenCV Python computer vision library to
recognise objects and react to hand gestures. There’s also a four-channel line
follower sensor and a smartphone app for remote control.

4 Mecanum wheels make this one of the most manoeuvrable Raspberry Pi robotic rovers

TONYPI

magpi.cc/hwtonypi S570 (E4L7)

Not every robot moves about on wheels — some have legs, like this amazing
mechanical humanoid from HiWonder. Powered by Raspberry Pi 4, the TonyPi
has a built-in IMU (inertial measurement unit) to help maintain its balance
as it walks around - it can even get up from lying on its back. It also boasts a
pair of robotic arms with gripping hands to pick up objects. Equipped with an
HD camera, its head can tilt and pan to see around. With computer vision, you
can get it to recognise and track objects, enabling it to kick a football.

4 This impressive humanoid robot has Al vision, gripping hands, and the ability to walk

RASPCLAWS
HEXAPOD

magpi.cc/raspclaws £98

There are quite a few kits available for building an insect-like Raspberry Pi
robot. While some have four legs, this one from Adeept has six limbs as well
as a self-stabilisation mode, making it capable of creepy-crawling over rough
ground. With a camera mounted on a servo on top and four NeoPixel strips for
lighting, it can also look around and use computer vision to recognise objects
and detect motion. Note that for lower power drain and legacy software
compatibility, it’s advisable to use it with a Raspberry Pi 3B/3B+.

4 This bug-like robot can crawl over surfaces and use a camera to look around

UNDERWATER ROU

Exploring the land with a robotic rover is cool, but getting a
submersible ROV (remotely operated vehicle) to dive under the
water is even cooler. We've seen a few such Raspberry Pi-based
projects over the years, one of the most impressive being the
underwater drone built by levgenii Tkachenko (see magpi.cc/80).
Its four motors, lights, and gyroscope are handled by Raspberry

Pi, which also sends a live video stream. An onshore Wi-Fi router

is connected to the submersible via an Ethernet cable, enabling

remote control from a smartphone. Similar commercial ROVs are
used for boat inspections and to aid rescue operations.
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M.A.R.S. ROUER ROBOT

ONE OF THE BEST ROBOT KITS AROUND, IT LETS YOU EXPLORE TERRAIN JUST
LIKE A NASA MARS ROUER, AND EUEN USES A SIMILAR SUSPENSION SYSTEM

Mounted on a mast that can be
rotated, an ultrasonic distance
sensor aids navigation

A rocker-bogie suspension
system enables it to roll
over even large obstacles

The front and rear wheels

feature steering servos for
quicker turning

magpi.cc/marsrover

| 44, magpicc
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REAL MARS ROUER: CURIOSITY

The 4tronix M.AARR.S. Rover was inspired by NASA's Curiosity rover,
which - after a journey of 350 million miles - landed on the Red
Planet in 2012 and is still operational today (along with close relative
Perseverance, which arrived in 2021). An ingenious suspension
system for its six wheels helps it to navigate the rocky landscape.
Equipped with an array of scientific instruments, along with a
robotic arm and two cameras, its main mission is to examine the
Martian geology (it can drill into rocks to obtain samples to analyse)
and look for any signs that life could once have existed there.

FEATURE  MéigPi

v

< The 4tronix MARS

Rover looks very
much like the real
thing and can handle
tough terrain

A clever rocker-bogie
suspension system
enables MARS,
Rover to clamber
over large obstacles
. ,-L:V’?'"f,* =
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ROBOT SENSORS

GIUE YOUR ROBOT AN AWARENESS OF ITS SURROUNDINGS
BY ADDING ONE OR MORE SENSORS NEXT MONTH)

START BUILDING

ULTRASONIC

magpi.cc/hrsos £5

Unless it has the more complicated
computer vision, the most common
way a robot can detect large obstacles
is to use an ultrasonic sensor such

as the HC-SRo4. This works like a
form of sonar, and involves emitting a
signal and then listening for the echo
to return. The time delay indicates the
distance to the object.

SOUND

magpi.cc/soundsensor £4

Your robot may have eyes (or at least
ultrasonic object detection) to help

it find its way around, but adding

‘ears’ can aid it in understanding its
surroundings. This sound sensor has an
adjustable loudness threshold - when
reached, it switches the digital output to
high. Alternatively, you could use a USB
mic to record and analyse sounds.

TEMPERATURE & MORE

magpi.cc/wsbme280 £9

A key metric for analysing your
robot’s environment is the ambient
temperature. Many popular temperature
sensors can also measure relative
humidity and barometric pressure. The
BME280 measures all three and delivers

Pi, so there’s no need to use an ADC to
decode analogue readings.

MOTION

magpi.cc/imugdof £15

An IMU can determine a robot’s
motion and orientation. Sensors

come with varying DOF (degrees of
freedom); a 9DOF one (as here) can
detect three-axis acceleration, three-
axis gyroscopic motion, and three-axis
compass heading. While not essential
for a wheeled rover, an IMU is vital for
a walking robot’s sense of balance.

the data via a digital output to Raspberry

YOUR RoBOT

magpi.cc/gassensor £6

When exploring an unknown
environment with your rover, you’ll
want to sniff out any dangerous gases.
The MQ-5 gas sensor can detect LPG,
natural gas, and coal gas. It has both
digital and analogue output pins. You
could combine it with a flame sensor
(e.g. magpi.cc/flamesensor) to detect
both gas leaks and fires.

CRAMERRA

magpi.cc/camera £24

When controlling your rover remotely,
a camera is a vital aid for navigation
and getting a detailed view of its
environment. Whether you use a
Raspberry Pi Camera Module or a

USB webcam, there’s the option

of using computer vision such

as OpenCV (magpi.cc/opencv) to
recognise objects automatically.
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with Raspberry P15

Raspberry Pi M.2 HAT+ M Key enables you to connect M.2 peripherals such
as NVMe drives and other PCle accessories to Raspberry Pi 5's PCle interface

he M.2 HAT+ adapter board converts

between the PCIe connector on Raspberry

Pi 5 and a single M.2 M key edge
connector. You can connect any device that uses
the 2230 or 2242 form factors. The M.2 HAT+ can
supply up to 3A of power.

The M.2 HAT+ uses Raspberry Pi’s HAT+
specification, which allows Raspberry Pi OS
to automatically detect the HAT+ and any
connected devices.

The included threaded spacers provide ample
room to fit the Raspberry Pi Active Cooler beneath
an M.2 HAT+.

The M.2 HAT+ is only compatible with the
Raspberry Pi Case for Raspberry Pi 5 if you
remove the lid and the included fan.

Ensure your Raspberry Pi
runs the latest software

Features
Single-lane PClIe 2.0 interface (500 MB/s peak
transfer rate)
Supports devices that use the M.2 M key
edge connector
Supports devices with the 2230 or 2242
form factors
Supplies up to 3A to connected M.2 devices

Using M.2 HAT+ with Raspberry Pi 5

Power and activity LEDs
Conforms to the Raspberry Pi HAT+
specification (magpi.cc/hatplusspec)

Includes:
ribbon cable
16mm GPIO stacking header
£ threaded spacers
8 screws
1 knurled double-flanged drive attachment
screw to secure and support the M.2 peripheral

Installation
To use the Raspberry Pi M.2 HAT+, you will need a
Raspberry Pi 5
Each M.2 HAT+ comes with a ribbon cable, GPIO
stacking header, and mounting hardware. Complete
the following instructions to install your M.2 HAT+:
First, ensure your Raspberry Pi runs the latest
software. Run the following command to update:

sudo apt update && sudo apt upgrade

Next, ensure that your Raspberry Pi firmware
is up to date. Run the following command to see
what firmware you’re running:

sudo rpi-eeprom-update

If you see December 6, 2023 or a later

date, proceed to the next step. If you see a
date earlier than December 6, 2023, run the
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You'll Need

Raspberry Pi5
magpi.cc/
raspberrypis

M2 HAT+
magpi.cc/m2hatplus

NVMe Drive (optional)

An M.2 SSD (or other
device) can be fitted into

Warning!
the M.2 key edge connector 9

Power

The ribbon cable connects Always disconnect your
the M.2 HAT+ to the PCle Raspberry Pi from power

= before connecting or
connector on Raspberry Pi 5 disconnecting a device
from the M.2 slot to

avoid damaging it.

following command to open the Raspberry Pi
Configuration CLI:

sudo raspi-config

Under Advanced Options > Bootloader Version,
choose Latest. Then, exit raspi-config with
Finish or the ESC key.

Run the following command to update your
firmware to the latest version:

sudo rpi-eeprom-update -a

Then, reboot with sudo reboot.
Disconnect the Raspberry Pi from power
before beginning installation.
The M.2 HAT+ is compatible with the
Raspberry Pi 5 Active Cooler. If you have
an Active Cooler, install it before installing
the M.2 HAT+.
Install the spacers using four of the provided

Using M.2 HAT+ with Raspberry Pi 5 magpi.cc 49
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TopTip

Al Kit

The M.2 HAT+ also
enables you to
use other devices
such as the Hailo
Al module found
in the Raspberry
Pi Al Kit.
magpi.cc/aikit

Set the M.2 HAT+ on top of the spacers, and use
screws. Firmly press the GPIO stacking the four remaining screws to secure it in place.
header on top of the Raspberry Pi GPIO pins;
orientation does not matter as long as all pins
fit into place. Disconnect the ribbon cable from
the M.2 HAT+, and insert the other end into the
PCle port of your Raspberry Pi. Lift the ribbon
cable holder from both sides, then insert the
cable with the copper contact points facing
inward, towards the USB ports. With the ribbon
cable fully and evenly inserted into the PCle
port, push the cable holder down from both
sides to secure the ribbon cable firmly in place.

Insert the ribbon cable into the slot on the M.2
HAT+. Lift the ribbon cable holder from both
sides, then insert the cable with the copper
contact points facing up. With the ribbon
cable fully and evenly inserted into the port,
push the cable holder down from both sides

to secure the ribbon cable firmly in place.

magpi.cc Using M.2 HAT+ with Raspberry Pi 5



Remove the drive attachment screw by turning
the screw counter-clockwise. Insert your M.2
SSD into the M.2 key edge connector, sliding
the drive into the slot at a slight upward angle.
Do not force the drive into the slot: it should
slide in gently.

Push the notch on the drive attachment screw
into the slot at the end of your M.2 drive. Push
the drive flat against the M.2 HAT+, and insert
the SSD attachment screw by turning the screw
clockwise until the SSD feels secure. Do not
over-tighten the screw.

Migh

Congratulations, you have successfully
installed the M.2 HAT+. Connect your
Raspberry Pi to power; Raspberry Pi OS will
automatically detect the M.2 HAT+. If you use
Raspberry Pi Desktop, you should see an icon
representing the drive on your desktop. If you
don’t use a desktop, you can find the drive at
/dev/nvme@ni. To make your drive available for
file access automatically, consider configuring
automatic mounting (magpi.cc/automount).

Boot from NVMe

To boot from an NVMe drive attached to the M.2 HAT+, complete the
following steps:

Format your NVMe drive using Raspberry Pi Imager (magpi.cc/installimager).
You can do this from your Raspberry Pi if you already have an SD card with a
Raspberry Pi OS image.

Boot your Raspberry Pi into Raspberry Pi OS using an SD card or USB drive
to alter the boot order in the persistent on-board EEPROM configuration.

In a terminal on your Raspberry Pi, run sudo raspi-config to open the
Raspberry Pi Configuration CLI.

Under Advanced Options > Boot Order, choose NVMe/USB boot. Then, exit
raspi-config with Finish or the Escape key.

Reboot your Raspberry Pi with sudo reboot.

For more information, see NVMe boot (magpi.cc/nvmeboot).

Using M.2 HAT+ with Raspberry Pi 5 magpi.cc
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Time travel
experiments

In Python

Create inventive new clocks and calendars

using Python's built-in datetime module

e can’t change the direction we hurtle
W through time, but we can change how

we look at the journey, and maybe,
even, how we feel about it. We’ll show you how
to use Python’s datetime module to create new
clock and calendar designs that help to improve
your productivity. Using a countdown clock, you can
easily see how much time is left in the working day,
so you can schedule work to fit. A bar graph calendar
shows where you are in the day, month and year, to
help you measure your progress toward your goals.

Santa Claus is coming!

Listing 1 is the ‘Hello World!’ of countdown
clocks, showing how long it is until Christmas. It
uses the datetime module to make an object called
today that contains the current date and time. It
then creates a similar object for Christmas Day. As
the program shows, you can subtract one datetime
object from another to get the difference between
them. The result is accurate to a fraction of a
second, but you’ll see later how to extract just the
number of days. You could use this code to count
down to a deadline, birthday or holiday.

Understanding Pygame'’s layout
To draw the calendar (see Listing 2), we’ll
use Pygame, which is installed in Raspberry Pi OS
desktop. Run this code from Thonny. In Pygame,
you create a surface, which is a canvas to draw
on. You can then copy (or ‘blit’) images, shapes
or text onto it. Our window size is 1024 x 768

52 | magpicc | Time travel experiments in Python

pixels, to match the resolution of the eight-inch
screen, and the surface for the window is called
calendar_surface.

Adding words and bar graphs

The calendar has three coloured rows: the
top one shows the date, the middle one the month,
and the bottom one the year. Each row is 256 pixels
high, a third of the window height. The magic is
that each row is also a bar graph, showing progress
through the day, month and year. The draw_bar()
function is passed the fraction to show (e.g. 0.5),
the row number between 0 and 2, the background
and foreground colours for the bar, and the text
to show on it. The colours are in the format (red,

o000
.0.00

The countdown clock shows me how long until we finish for
the day, so we can easily choose the biggest task that will fit
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0 R v veees For this type of seven-
segment display, place
effe oo e seene a resistor between the

digit pins and Raspberry
Pi to protect the LEDs.

The magic is that each
row is also a bar graph

green, blue). The Pygame Rect object stores the
coordinates for the bar as (left, top), (width, height)
and the pygame.draw.rect() function creates a
filled rectangle. First a bar is drawn full width (the
background colour). Then a bar is drawn with the
width of the fraction for that row.

Adding the text

The text is written twice (lines 12 to 15),
first in silver, and then slightly offset in white, to
simulate a shadow. Line 11 sets the font and font
size. If you experiment with Pygame, be aware
that you won’t see anything change until you run
pygame.display.update() as shown in line 28.

Calculating the progress

The draw_calendar() function calculates
the fractions. The current date and time are
stored in the today object. We can extract
parts using today.year, today.hour and today.

You can independently
control each segment
and decimal point on
this display.

Raspberry Pi Zero V1.2

minute. The day_progress variable calculates
the minutes elapsed in the day and then divides

’

it by the total minutes in a day. To convert the You'll Need

i i « )
day rllurnber into a piece of text (or ‘string’) P —
for display, we use str(today.day). The month_ display 5461AS
progress is calculated by dividing the current aliexpress.com or
day number by the number of days in the ebay.couk
month. List indexes start at zero but datetime Breadboard
month numbers start at 1, so we subtract 1 from magpi.cc/bboard
the month number to use it as an index for the Dupont wires
days_in_month list. Using today.strftime("%B") magpi.cc/

gets us the month name, as a string, from the dupontwirss

datetime object. The year_progress adds the
days in the past months to today’s day number
and divides the total by the days in the year,
accounting for leap years.

Going loopy

The final loop (lines 30 to 36) keeps
calling draw_calendar() to update the screen at
one-minute intervals. If you watch closely, you
can see the top bar slowly advance. Our prototype

Time travel experiments in Python magpi.cc
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The seven-segment
display has 12 pins,
six on the top and six <t
on the bottom. Each = -
pin controls a digit, Z rr
a segment, or the (@) 9
decimal point w [a) o 0 (D [a)

Top Tip

Keep the
code simple

The calendar's leap
year calculation is
only accurate until
the year 2100, but
this code is highly
unlikely to be in use
in 76 years' time.

magpi.cc

used time.sleep(60) to pause for a minute
between each update. In the final program, a for
loop repeats a one-second pause, so it can check
whether you want to close the program.

Connecting the countdown circuit

The four-digit seven-segment display is
perfect for clocks and can also show most letters
(k, m, q, v, w and x can’t be done). Various types
are available. Mine is labelled 5461AS and has 12
pins, which you connect to Raspberry Pi’s GPIO
array. Four of the pins control which digit lights
up. To protect the LEDs, put a 100 ohm resistor
between these pins and your Raspberry Pi. Check
the documentation for connection instructions if
you’re using a different display.

Designing the number shapes

Take a look at Listing 3, which runs the
countdown clock. Each digit on the display has
seven segments, which can be either lit or off. The
segments are ordered in a clockwise direction,
starting at the top and ending with the middle
bar. They’re usually known by the letters A to
G. The number_segments list contains the on/off
settings for the segments in each number. The
first number is zero, so all the segments are lit
except the middle bar. The last one is nine, so all
the segments are lit except E.

Time travel experiments in Python

Setting up the pins

We’re using the RPi.GPIO module to
control the GPIO pins on Raspberry Pi. It operates
in two modes, BOARD or BCM. In BOARD, the
pin numbers are the physical positions on
the board. In BCM mode, you use the channel
numbers on the processor. For simplicity and
better compatibility, we’re using BOARD. We
set all the pins we’re using to be outputs. The
segment_selectors list contains the pin numbers
that control segments A to G on the display.
The digit_selectors list contains the pins that
control the digits from left to right.

Displaying a number

The display tricks your eye. Only
one digit is lit at a time but they change
so fast that you see them all together. The
show_number() function displays a number in
a digit position (from 0 to 3). To choose the
digit you want to light, you set its connected
pin to 0. To set a segment in that digit, you
set its connected pin to 1. The GPIO.output()
function enables you to pass a list of values to
a list of pins. In line 23, it’s used to activate
the right digit. In line 24, GPI0.output() sends
the appropriate number_segments values to the
pins for the segments. The decimal point is
turned on for the second digit to separate hours
from minutes.

DOWNLOAD

THE FULL CODE:

listing1.py

g magpi.cc/seancode

Language: Python

001. import datetime

002. today = datetime.datetime.now()

003. xmas = datetime.datetime(
year=today.year, month=12, day=25)

004. days_to_xmas = xmas -
datetime.datetime.now()

005. print(days_to_xmas)
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Calculating the time left

Datetime’s timedelta class is ideal for
calculating simple time differences. In lines 31 to
32, we create timedeltas for the end time (17:30)
and the current time. Line 33 works out the
difference between them and formats the result
as a string. We’ve added a 0 at the start so there
are two digits for single-digit hours. If the time
difference is negative, the string is set to zeroes.
You could set different end times depending

on the day of the week, or have multiple
countdowns to lunchtime and home time.

The dark bars on the
progress calendar
show we've passed
half-way in May

and have completed
more than a third

of the year already

DOWNLOAD
THE FULL CODE:

lg magpi.cc/seancode

listing2.py

» Language: Python

001. import pygame, datetime, time 018. days_in_month = [31, 28, 31, 3@, 31, 30, 31,
002. from pygame.locals import * 31, 30, 31, 30, 31]

003. pygame.init() 019. today = datetime.datetime.now()

004. calendar_surface = pygame.display.set_ 020. if today.year % 4 ==

005. mode((1024, 768)) 021. days_in_month[1] = 29 # leap year

022. day_progress = (((today.hour * 60) +

006. def draw_bar(fraction, row, color, color2, today.minute) / (60%*24))
text): 023. draw_bar(day_progress, 0, (204,153,255),
007. box = Rect((@, row * 256), (1024, 256)) (178,102,255), str(today.day))
008. pygame.draw.rect(calendar_surface, color, 024. month_progress = today.day /
box) days_in_month[today.month - 1]
009. box = Rect((®, row * 256), (fraction * 1024, 025. draw_bar(month_progress, 1, (255,153,255),
256)) (255,102,255), today.strftime(“%B”))
010. pygame.draw.rect(calendar_surface, color2, 026. year_progress = (sum(days_in_month[
box) 0:today.month - 1]) + today.day) / sum(
011. font_object = days_in_month) # Split misses last value
pygame.font.Font(‘freesansbold.ttf’, 160) 027. draw_bar(year_progress, 2, (255,153,204),
012. text_surface = font_object.render( (255,102,178), str(today.year))
text, True; (255, 255; 255)) 028. pygame.display.update()
013. shadow_surface = font_object.render( 029.
text, True, (190, 190, 190)) 030. while True:
014. calendar_surface.blit(shadow_surface, ( 031. draw_calendar()
56, 61 + (row * 256))) 032. for seconds in range(60):
015, calendar_surface.blit(text_surface, ( 033. for event in pygame.event.get():
50, 55 + (row * 256))) 034. if event.type == pygame.QUIT:
016. 035. pygame.quit()
017. def draw_calendar(): 036. time.sleep(1)

Time travel experiments in Python | magpicc | 55
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TopTip o

Everything . . . .
but the sync Displaying the time remaining
— The for loop starting at line 37 extracts
i rN—————laaa o

The calendar the number for each digit from the time_ x Qe 3
updates at one- . .

o difference string and calls the show_number
minute intervals, but . i i
it's not synchronised function to display it. The time_difference
with the clock. string always has a 0 on the front, even if the

Depending onwhien hours are 10 or more. That’s why negative
you start it, it might

update mid-way indexes are used to find each digit number,

through each minute. counting from the end of the string. The third
digit we want to display, for example, is at
position -5. Strings are great for extracting
individual numerals from a long number, but
we have to send show_number() an integer,
because it will be used as a list index to find
the segments to light. Line 38 uses int() to
do the conversion. The tiny time delay in line

The four-digit display 39 ensures you see all the digits at once, and
measures 5cm by . . .

e Sl the wh1.1e loop k.eeps updating the time and
few pounds online. refreshmg the dlsplay. U]

listing3.py DOWNLOAD

THE FULL CODE:

> Language: Python lg magpi.cc/seancode

001. import sys, time, datetime 023. GPIO.output(digit_selectors, switches)

002. from datetime import timedelta 024. GPIO.output(segment_selectors,

003. import RPi.GPIO as GPIO number_segments[number])

004. 025. if digit ==

005. number_segments = [ 026. GPIO.output(decimal_point, 1) # on

006. [1,1,1,1,1,1,0], [0,1,1,0,0,0,0], 027. else:

007. [1,1,0,1,1,0,1], [1,1,1,1,0,0,1], 028. GPIO.output(decimal_point, @) # off

008. (05015 05051,2] s [2:8:1:4;0911], 029.

009. [1,0,1,1,1,1,1], [1,1,1,0,0,0,0], 030. while True:

010. [153:3,3:3:3,4]; [1,1:1.1,8,1,1] 031. end_time = timedelta(

011. 1 hours = 17, minutes = 30)

012. segment_selectors = [18, 8, 36, 26, 24, 16, 38] 032. now_time = timedelta(hours =

013. digit_selectors = [22, 12, 10, 40] datetime.datetime.now().hour, minutes =

014. decimal_point = 32 datetime.datetime.now().minute)

015. GPIO.setmode(GPIO.BOARD) 033. time_difference = “07 + str(

016. GPIO.setwarnings(False) end_time - now_time)

017. for pin in segment_selectors + digit_selectors + 034. if “-” in str(time_difference):
[decimal_point]: 035. time_difference="00:00:00"

018. GPIO.setup(pin, GPIO.OUT) 036. time_index = [-8,-7,-5,-4]

019. 037. for digit in [6, 1, 2, 3]:

020. def show_number(digit, number): 038. show_number(digit, int(

021. switches = [1, 1, 1, 1] time_difference[time_index[digit]]))

022. switches[digit] = @ 039. time.sleep(0.005)
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cash

Build a working cash register with Raspberry Pi

Dr Andrew Lewis

Dr Andrew Lewis is a
specialist fabricator
and maker, and is the
owner of the Andrew
Lewis Workshop.

Right £

Yes, you could always
just wear a trader’s
money belt and

carry a calculator

if you need to, but

a battery-powered
cash register with a
working drawer looks
much nicer. Being
able to take cash and
generate receipts
without a power
connection can save
hundreds of pounds
in cash if you'’re at a
trade show where the
organisers charge for

power connections

QUICK TIP

If you want to
delete the last item
scanned, use the
BACKSPACE key. If
you have text in the
register’s buffer, it
will delete the last
character typed. If
the buffer is empty,
it will delete the
last line item added
to the current sale.

magpi.cc

he world of the future is a largely

cashless society, but the world of

today still uses metal tokens and

paper promises to facilitate

transactions. In an urban store you'll

probably find an electronic point of sale
(EPOS) system that handles the shopping
experience, but when you're on a market stall away
from regular power, the conventional EPOS
experience isn't as easy to implement. In this article,
you'll see how to create a working cash register with
a secure money drawer, barcode scanner, and receipt
printer. You'll get it all running from a Raspberry Pi
and DeWalt battery, and you'll also have a built-in
daily transaction log, and the option to use any
wireless device as an extra till display.

Build a working cash register with Raspberry Pi

CALCULATOR WITH CONTROL ISSUES
Cash register and EPOS system are really just
catch-all terms for a fancy calculator, and it's worth
defining exactly what we're going to be building here,
and why. A typical modern cash register sits on the
counter next to the cashier and it allows the cashier
to calculate the total value of the items being
purchased. In the old days, this was a purely
mechanical beast that required the cashier to know
the price of each item and enter it correctly. As
technology advanced, barcodes were used to give
each item a unigue code that could be read by the
cash register and checked against a database of
prices, so that the cashier no longer needed to enter
the items manually into the register unless the
barcode was damaged. In modern times, the cashier



is sometimes entirely missing from the equation and
the shop makes us do all of the work ourselves,
paying for items by putting money into a slot or
waving a debit card in front of a scanner. What you
will be creating is something like the last generation
of cashier-driven register. Your cash register will have
a touchscreen interface, a barcode scanner, a remote
keypad, a receipt printer, and the facility to keep daily
transaction lists that can be read at a later date. This
register won't accept debit or credit cards by default,
but it should be possible to add that functionality if
you want it. With a little extra work and a third-party
API like Square, you could generate transactions that
accept card payments from a contactless reader.

The cash register application is written in Python,
and uses a Flask web server to generate a web page

REGISTER INPUT

The cash register application gets input from the
barcode scanner and keypad by monitoring system-
wide key presses using pynput. Key presses from the
touchscreen web interface are generated by passing
an API request from the web page back into the main
app, which generates the appropriate key codes
using pynput. It's worth noting that the generated key
code may vary between 0S and the type of device
that generates them. For example, the decimal point
may generate different codes depending on whether
it's being sent from the main keyboard, the numeric
keypad, or an external device. You may need to adjust
the code slightly to suit your particular input devices.
The barcode scanner used in this project appears
as a standard input device, and to all intents and
purposes acts like a keyboard. When the user scans
a barcode, the code is translated into a string of
characters and ‘typed’ into the computer. To avoid the
need for a database of scannable items, the barcode
is encoded as a simple string with a " symbol as
the delimiter. The first part of the string is an item
description, and the second is the price of the item. So
a barcode with the string ‘snacks:5.4" would generate
a sale item with the title ‘snacks’ for £5.40 (or whatever
currency you're working in). The type of barcode isn't
actually very important: as long as it can encode the
text you want to enter correctly, the scanner will read
and decode it as plain text.

that displays the current transaction in a browser. The
browser launches in kiosk mode when the computer
starts. This might seem a strange way to implement
the display, given that there are several GUI tools
(like Pygame, PyQt, or Tkinter) available for Python,
but it's actually a very flexible way to implement the
interface. The web browser can be easily customised
with HTML and CSS to alter its appearance without
needing to change the main Python code, and
additional interface functionality can be added using
JavaScript on the client side. You can also connect
multiple web browsers to the same cash till and use
them as remote displays or remote terminals

for the register.

For this project, you will be connecting the
Raspberry Pi to a basic receipt printer, which
requires between 5 and 9 volts to power it. You
may have already spotted the immediate
problem that the Raspberry Pi GPIO header uses
3.3V and isn't 5V tolerant, although this isn't
actually a huge issue. The printer only needs
bidirectional communication to report the status of
the paper tray (which isn't really necessary for
everyday use) and the 3.3V GPIO voltage of the
Raspberry Pi is high enough to trigger a high input on
the printer, so it's possible to connect the printer
directly to the Raspberry Pi without a level shifter, >

Build a working cash register with Raspberry Pi

Mgh

YOU'LL NEED

Raspberry Pi 3
(or similar - less
powerful versions
draw less power)

7" HDMI
touchscreen

or a tablet to view
the till display

Barcode scanner
amazon.co.uk/dp/
BOSCHFN3T2

DC solid-state

relay
amazon.co.uk/dp/
BO7PYZZ3G4

Cash drawer, 12V
RJ11 connection
amazon.co.uk/dp/
BO9ZL3JIM9

MT10 thermal
receipt printer
amazon.co.uk/dp/
BOC33JSKTL

Set of laser-cut
case pieces

(or suitable
project container)

2 x XL4O155A
step-down
adjustable PSU
amazon.co.uk/
gp/product/
BO81IP5YZP

DeWalt5A
battery

3D-printed
DeWalt battery
adapter

(or similar,
hsmag.cc/
DWBatteryAdapter)

Inline fuse 1A

magpi.cc 59
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QUICK TIP

Thermal printers
are fussy and
easy to confuse.
If you're getting
garbage printed
unexpectedly, try
power-cycling the
printer to reset it.

60

Below ¢

Thermal receipt
printers are

very simple and
communicate using
an RS-232 or TTL
port, although some
of the more modern
units have a USB or
Bluetooth connection

magpi.cc

provided that you don't connect to the RX pin
(GPIO 15) on the Raspberry Pi.

You can normally force a receipt printer to produce
a self-test by powering it on with the button pressed.
Although it varies from brand to brand, you'll normally
see information about the firmware, character sets,
and serial connection settings for the printer. Most
serial ports will be defaulted to 9600 or 19,200, with
the usual 8 bits, no parity, and 1 stop bit.

Thermal printers use a control language called
ESC/PQOS, using escape codes to generate
character effects. It's an old technology — and unlike a
modern desktop printer, a thermal receipt printer has
very limited capabilities. Printing images is quite
complicated to achieve, and printed text relies on a
built-in font with escape codes used to apply simple
modifiers like reverse-printing and
double-size characters. There's also a built-in facility
to generate barcodes in most receipt printers.

Some units also have a special connection that can
be used to trigger the cash drawer when a receipt
is printed.

While it's possible to set up a serial connection to
the printer and send the escape codes directly, it's
much easier to use Adafruit's Thermal Printer library
and Blinka. Blinka allows you to use CircuitPython
APIs in regular Python, and can be installed from
circuitpython.org/blinka or using the pip installer.

Build a working cash register with Raspberry Pi

DRAWER TRIGGERS

Cash drawers are normally available in 12V or 24V
varieties. The 24V version is probably more common
on modern EPOS systems, while the 12V versions

are usually found on older-style cash registers. Some
new cash drawers are smart and have a processor
built-in with a USB trigger, but in general, most
‘normal’ cash drawers just have an RJ11 socket that
connects to the solenoid and to a microswitch that
triggers when the drawer is open. On these cash
drawers, you can easily map the pinout of the wires
by measuring the resistance between the pins on the
RJ11 socket. The resistance of the solenoid will be
easy to detect with a multimeter, and the continuity
between the pins connected to the microswitch
should also be easy to detect. Opening the drawer

is as simple as applying the correct voltage to the
solenoid for a short amount of time (typically less than
250 ms). On some of the more complicated drawer
systems, there are two independent cash drawers
with separate solenoids that share a centre tap. This
is sometimes referred to as ‘Epson wiring” with pins 2
and 5 connected to the outside (negative) legs of the
solenoids, while pin 4 is the shared (positive) centre
tap. There are several other systems in use, but these
are probably the most common in the modern day.

Finally, you'll need to install pynput, which is the
module that reads and generates key press events.
You can install pynput straight from the pip package
manager using python -m pip install pynput.

One thing to watch out for with thermal printers is
that they are relatively slow and don't really
communicate bidirectionally with the device they're
connected to. This means that there's no signal to
say when the printer is ready to print, or when the
printer is already printing. It's quite possible to send
data to the printer so quickly that the internal buffer
becomes overwhelmed and it starts missing
characters. You need to make sure that the program
you're using won't send the data to the printer faster
than it can output onto the till roll.

Begin making your own cash register by installing
the latest version of Raspberry Pi OS onto a
Raspberry Pi 3, or later model, and making sure that
all of the packages are up to date. Once you're
ready, go into the Preferences menu on the desktop
and bring up the Raspberry Pi Configuration
application. Check that the serial port is enabled,



and serial console is disabled, accept any changes,
and reboot the machine.

Next, you'll need to install some Python libraries
that the cash register application depends on to
get your code working. You'll need the Blinka
library and the Adafruit Thermal Printer library,
which you can install by following the instructions at
hsmag.cc/AdafruitReceiptPrinter. Next, you'll
need to install the Flask framework, which you will
be using to create a Python-based web server.
Follow the instructions found at hsmag.cc/Flask to
do this. Then, install the cash register files into a
folder called till on the desktop (or in the location of
your choice). The main application in the folder
is keys.py.

Next, you need to wire up all of your electronic
components to the Raspberry Pi's GPIO pins. You'll
be drawing power from an 18V battery, and dropping
to 5V and 12V using buck converters. The 12V buck
converter is used to open the cash drawer, and can >

. Maghi

You'll probably want to automatically run the keys.py file and start a kiosk mode
web browser when the computer starts up. To do this, you need to install some
packages that will help you control the window manager, and edit the autostart file in
/home/user/.config/Ixsession/LXDE-pi.

Begin by installing the packages:

sudo apt-get install x11-xserver-utils unclutter

Edit the autostart file using nano:

sudo nano /home/pi/.config/1xsession/LXDE-pi/autostart

Add the following lines to the autostart file:

@python /home/user/Desktop/till/keys.py

@chromium-browser --kiosk --incognito --disable-pinch --overscroll-
history-navigation=0 http://127.0.0.1:5000

@xset s noblank

@xset s off

@xset -dpms

@unclutter -idle 0.1 -roo

Save the file and exit nano. This autostart configuration will cause the Raspberry Pi to
boot into a kiosk mode, disable the screensaver, and hide the mouse. It'll also mean your
desktop will be completely blank. If you want to be able to access the desktop, you'll
need to edit the autostart again to include the following lines at the top of the file:

@lxpanel --profile LXDE-pi

DC MODULE 5V

QUICK TIP

DC MODULE 12V The more powerful

______ . sl

the Raspberry Pi,
the more battery

18V

DeWalt Battery power it will need

to run. A Raspberry
Pi 3 will be fine for
this project.

RELAY
INPUT+ LOAD+=

SPI04 Raspberry Pi 3 :
GPIO17 Model B v1.2 GPI

'_; INPUT- LOAD- - —
| Left &

e — You can see from
> this diagram that
Drawer Solenoid the wiring for the
cash register is not
complicated, but
there are a couple

GP1027 ID_SCI2CID

}GPIO1

of things that you
should watch out for.
Firstly, this diagram
doesn’t show

the USB or HDMI
connections for a

HA - 9 touchscreen or other

Thermal
Printer

}10_SD 12C 1D EEPROM

GP10S

}GPIO6

jGPIO13 GPIO14 L

peripherals. When
you are mounting
your Raspberry Pi
inside your case, be
sure to allow enough

PIO19

JGpP1026

space for cables to
plug in. You should
also apply the same
thinking to make
sure that you can get
batteries in and out
easily. Remember
that any digital cable
is susceptible to

interference, so keep
the cables to your

fr fi t zfi n g external components

as short as possible
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The inside of the case
should be neat and

tidy, properly fused,
and inaccessible to

the general public.

Lots of venues will

ask you to create a

risk assessment for
your stall, and prove
that your equipment is
safe. Exposed wires or
pins (even low voltage
ones) don’t look good
to an event organiser or
health and safety officer

magpi.cc

be omitted if you have a 24V cash drawer. If you
have a 12V drawer and want to risk omitting the buck
converter anyway, the risk and responsibility are your
own to consider. It may work fine, or it may burn out
the drawer solenoid after a while.

The 12V power is controlled by a solid-state relay
connected to GPIO 17, and should only trigger for a
few milliseconds at a time, which would probably
prevent the solenoid from damage, but that isn't
guaranteed safe to use. The other 5V
buck converter is used to power the Raspberry Pi
and the thermal printer. It's not unusual for

Build a working cash register with Raspberry Pi
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thermal printers to print out their input voltage
during a self-test. This isn't very accurate, so don't
be too worried if the reported voltage is slightly
under 5 volts. The thermal printer is also a power
hog, and can draw up to 10W while printing. The
Raspberry Pi itself (and USB peripherals) will only
be drawing a couple of watts, but if you are using a
touchscreen display, it can add another 4 or 5 watts
to overall consumption depending on how it's
configured. If you're planning on a long workday,
consider taking along extra batteries just in case
you start running short.
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This tutorial is from
HackSpace magazine.
Each issue includes a
huge variety of maker
projects inside and
outside of the sphere
of Raspberry Pi, and
also has amazing
tutorials. Find out
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Below ¢

This project is likely
to get bounced
around a bit when
you’re setting up and
disassembling your
store. Make sure that
your case is sturdy
enough to deal with
that by gluing your
joints well

Left &

There’s plenty

of spare pins for
expansion of the
cash register, so
adding NFC readers,
servos, or custom
button boards is
absolutely possible

There are a few extra things that you could
consider adding to this project if they suit y