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here’s only one thing everybody is talking about this

T month - the announcement of Raspberry Pi 5.
Raspberry Pi’s upcoming small-factor computer is

a giant leap forward in speed and features. Managing to fit

SO many new components onto the same-sized board is an Lucy

incredible feat of engineering. Hattersley

Raspberry Pi 5 is up to three times as fast as the - already Lucy is editor of
speedy — Raspberry Pi 4 it replaces; Raspberry Pi 5 is a full ecabietion
desktop-class computer. It has dual-camera and display e ety
support; Raspberry Pi connector for PCle with an M.2 drive N
HAT on the way. It even features a power button (hurrah!) and ihe smarest people
a real-time clock. And it still has the GPIO pins for homemade magpi.ce

hacking and making. It’s perfect!
There’s a lot packed in Raspberry Pi 5, so turn to Page 10 to
read all about it. This is the future for Raspberry Pi computing,

and we can’t wait to see what you all make with it. GET
RASPBERRY
P15 FIRST!

Lucy Hattersley Editor Priority Boarding
PAGE 8
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No-code

Full-code Robotic arm with DHChain configurator and visualizer

No-Code

Kinematics and Visualizer

HMI for panel PC and Web

PROFESSIONAL CONTROL SYSTEM DEVELOPMENT TOOL

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.

cdpstudio.com
Tel: +47 990 80 900 « info@cdptech.com i
CDP Technologies AS // Hundsvaergata 8, 6008 Alesund, Norway CDPSfUle
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¢ BOARDING

We've reserved Raspberry Pi 5 boards
for The MagPi subscribers

UR
ERRY PI 5
FIRST!

Want to get Raspberry Pi 5 sent to you in the first
week of release? With Priority Boarding you can
pre-order your Raspberry Pi 5 (4 GB or 8 GB) and
it'll get sent out first.

Raspberry Pi has set aside thousands of Raspberry
Pi 5 computers for The MagPi and HackSpace print
subscribers to buy. We've enough for everybody
who subscribes to The MagPi (magpi.cc/subscribe)
or HackSpace magazine (hsmag.cc/subscribe).


https://raspberrypipress.imbmsubscriptions.com/the-magpi/
https://raspberrypipress.imbmsubscriptions.com/hackspace-magazine/

FEAT MeigPi

works!
If you have a print subscription to The MagPi
(magpi.cc/subscribe) or HackSpace magazine we will
have your email on file. We'll send each of our subscribers a
unigue code in the next few days. Click the link in the email and it will
take you to a site where you can pre-order and pay for your Raspberry
Pi 5. Customers in the US and Canada will be directed to PiShop; while
customers in the UK, Europe, and the rest of the world will be directed to

The Pi Hut.

tarted

New subscribers to The MagPi will get a Priority Boarding code when they
sign up. So don't delay. Take out a subscription today (magpi.cc/subscribe).
You'll be able to buy your Raspberry Pi 5 first and get incredible Raspberry
Pi tutorials, projects, and community events every month.

formation:

magpi.cc/priorityboarding

TERMS & CONDITIONS Your Priority Boarding code will be emailed to everybody with a print subscription to The MagPi or HackSpace magazine. People who subscribe to both
magazines will get two codes. Print only! Priority Boarding does not apply to people with App Store, Google Play, Zinio, PDF contributions, or other paid-for subscriptions. Each code will
entitle you to purchase 1x (one) Raspberry Pi 5 model (either 4 GB or 8 GB) for the standard retail price and delivery. Multiple codes need to be used individually. This is a limited offer and
is subject to change or withdrawal at any time.
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we wanted from a new Raspberry Pi computer

oy &

ntroducing..

Raspberry Pi | 5|

Up to three times faster, absolutely packed with new features, and
available to The MagPi subscribers first, Raspberry Pi 5 is everything

LBy Lucy Huttersley]

you need to hear this month. This is the
moment we’ve been waiting for.

The next generation of Raspberry Pi has been
in development for years, and we can finally
lift the wraps on the full specifications, design
process and features on the new board.

For the first time, this computer features
silicon designed in-house by Raspberry Pi. The
new chip RP1 allows Raspberry Pi 5 to deliver a
huge improvement in peripheral performance
and functionality. It’s also opened up a lot of
space on the board, which now features 10 new
components on the classic form factor.

Raspberry Pi 5 is still the single-board

R aspberry Pi 5. Those are all the words

10 | magpicc | RaspberryPis5

computer we know and love, but at its heart sits
a 2.4GHz quad-core Arm Cortex-A76 CPU that
makes Raspberry Pi 5 between two and three
times as fast as its predecessor.

Two models are available at launch: 4GB and
8GB. Both with SDRAM running at 4267 MHz.

The board remains the same size and
dimensions but is packed with new features.

It has a power button next to the status LED,

a real-time clock, a Raspberry Pi connector for
PCle to support fast peripherals including NVMe
drives (there is still an SD Card slot, now running
twice as fast as before); there are two 4-lane DSI/
CSI sockets, which support either two camera
modules, two displays, or one of each. It has two
HDMI connectors and now you can drive two

full 4K displays both running at 60fps, up from
30fps on Raspberry Pi 4. There’s even an UART
connector, and a fan connector to provide power
to a new case with an integrated fan.

Raspberry Pi 5 will start shipping in late
October, and subscribers to The MagPi can pre-
order theirs today with Priority Boarding (page 8)

Raspberry Pi 5 is an excellent upgrade to
our favourite micro-computer. This is the
springboard we’ve been bouncing on for months,
and we can’t wait to dive in.
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5 When is it

Raspberry Pi 5 will be available in 4GB and
8GB models from late October. Subscribers

to The MagPi will get a pre-order code to
buy Raspberry Pi 5 in the first wave (see
page 8).

‘ Locate a reseller near you at the Raspberry
Pi product page (magpi.cc/products)

nents

Raspberry Pi's engineers have squeezed an
incredible amount of extra tech onto the
same-sized board

BCM2712 Broadcom chip

RP1 170 controller

Power button

Dual DSI/CSI sockets

Raspberry Pi connector for PCle

UART debug connector

Fan & Active Cooler power connector
Real-time clock with battery connector
Power-management IC

Heatsink mounts

Raspberry Pi5 | magpi.cc n
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[NOW

Raspberry P15

Your in-depth guide to Raspberry Pi's "
new micro-computer e e

8GB of LPDDR4
in the form of a

Micron chip
Specificat
: e N
2.4GHz 64-bit quad-core Cortex-A76
processor le
) A new PCI Express high-speed
VideoCore VII GPU expansion bus is positioned on the

edge of the board. An upcoming
adaptor will enable an M.2 drive to be

microSD (SDR104 supported) connected directly to Raspberry Pi 5,
along with other custom devices.

4GB 7/ 8GB LPDDR4X SDRAM at 4267MHz

2 x micro HDMI ports (supports up to \- J
4Kp60)

2 x USB 3.0 ports

2 x USB 2.0 ports

2 x 4-lane connectors for camera or ver
display peripherals (sold separately) iz Remzses/PIEIEE) DRgeEs

Gigabit Ethernet port is custom silicon that provides power

“Gilmour” power management chip
supplied to the various components J

802.11b/g/n/ac wireless

PoE-capable (requires PoE HAT,
sold separately) |

Bluetooth 5.0

Raspberry Pi connector for PCle (requires 3utton
M.2 HAT, sold separately) A power button, one of the

most heavily requested
Power button features, has finally been

Fan connector added to Raspberry Pi 5. The
status LED sits adjacent

UART connector

Real-time clock, with connector for
battery backup

5V/5A USB-C power supply
recommended, 5V/3A minimum
requirement (sold separately)

Jower
Raspberry Pi 5 is powered by an
external USB-C power supply

12 magpi.cc Raspberry Pi 5 o O
s oy PRy y o
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BCM2712 chip

The silver heart of Raspberry Pi

5 is the new Broadcom BCM2712
SoC (System-on-chip) architecture.
It contains an ARM Cortex-A76
quad-core CPU running at 2.4GHz
and a new VideoCore VII GPU that
supports OpenGL-ES 3.1, Vulkan 1.2.

N
Fan socket
A new on-board fan socket is used
to provide power to the fan-enabled
y, case and Active Cooler accessories
J

ctive Cooler
There are two extra holes on the
board. These are to mount the
Active Cooler attachment

. 4

aspberry Pi RP1
The new Raspberry Pi RP1 chip
. handles the bulk of input and
output (I70). It is connected to
BCM2712 via PCI Express.

Dual 4Kp60 HDMI

There are two micro-HDMI ports;

Raspberry Pi 5 can drive dual
displays, both at 4Kp60 resolution

e

ual CSI/DSI ( A
The CSI and DSI ports have been
combined into two multipurpose
. CSI/DSI ports (now using the
denser connector pinout found
on Raspberry Pi Zero). You can
connect either two displays, or
two cameras (or one of each)

RTC BATTERY

The battery connector is

used to connect a battery (or
supercapacitor) to provide backup
power to the Real Time Clock

UART

Between the micro-HDMI ports sits a new
UART connector, which can be used to
control Raspberry Pi 5 in headless mode
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» On the reverse of
Raspberry Pi 5 we
can see the SD card
slot and connectors
soldered togetherin
more detail

Battery

Raspberry Pi 5 has a two-pin JST (Japan Solderless
Terminal) port marked BAT. This is used to connect a battery
(or other power source) to the new Real Time Clock (RTC).

14 | magpicc | RaspberryPi5g

y Pi RP1

Raspberry Pi has been developing RP1 for a long time.
RP1 is a new communications chip. RP1 is custom silicon
designed by Raspberry Pi that connects the CPU to the
‘slower’ components on the board (of course, these slow
components can still function incredibly quickly).

In the case of Raspberry Pi 5, RP1 controls the input and
output (I/0) for the GPIO pins, USB ports, CSI/DSI ports and
Ethernet. It is connected to the BCM2712 SoC via a 4-lane
PCl-express bus. The GPIO pins have the same function and
layout as before, so most HATs and other accessories will
be compatible.
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Raspberry

A new operating system is also announced:

Raspberry Pi 0OS based on Debian ‘bookworm’

V Firefox joins
Chrome as a web
browser option

operating systems and, thanks to its speed
increase, you have a lot of Linux and other
ARM-based OSes to choose from.

Raspberry Pi OS is still our preferred operating
system. Built on top of Debian, it is a Linux
operating system custom-built for Raspberry
Pi hardware.

With Raspberry Pi OS you get easy access
to hardware features like the GPIO pins, and
Camera Module, and can be sure everything is
being tested. Out shortly before Raspberry Pi 5
is available will be a new version of Raspberry Pi
0S, based on Debian ‘bookworm’.

Raspberry Pi 4 and Raspberry Pi 5 hardware
running bookworm replaces the X11-based LXDE
desktop with a Wayland system using Wayfire
as the window manager. This software is used
to draw windows on the screen and is highly
customizable. Raspberry Pi OS has a slicker
windowing system with subtle animations. The
desktop background is still drawn by pcmanfm
but has been modified to talk to Wayland. The
taskbar looks the same but is a customized
version of Wayfire’s wf-panel, which also
includes ports of the existing plugins.

The experience of Raspberry Pi OS (bookworm)

R aspberry Pi 5 can run a variety of different

~

P10S

FEATURE | MeigPi

on Raspberry Pi 5 is fantastic, offering similar
levels of interactive speed as a desktop-class
computer. It has the same feature set and design
as before, but with vastly improved performance
and a slightly slicker design: windows fade in
and out with a smooth animation.

There are new desktop images as well, but the
overall style is in keeping with earlier versions of
Raspberry Pi OS.

There is also a new Network Manager
(networkmanager.dev) which replaces dhcpcd.
Network Manager is becoming the standard
networking tool on many Linux distributions,
while dhcped was relatively uncommon.

[ The experience of Raspberry
Pi 0S (bookworm) on
Raspberry Pi 5 is fantastic @

Pipewire is now being used instead of
PulseAudio to handle audio and video. This
is used by some tools to provide services like
screen sharing for Wayland, so it is a useful
enabling technology.

Finally, Firefox joins Google Chrome as a
browser option in the Recommended installation
of Raspberry Pi OS. Firefox enables browser sync
across Raspberry Pi and other operating systems,
a feature missing from Chrome.

Raspberry Pi5 | magpicc | 15
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Raspberry P15
Accessories

Modular design is more feature-packed than ever

Raspberry P1 Case

Alongside Raspberry Pi 5 comes a new case with
powerful new features.

It retains the white and red modular scheme
of the original case, and now contains four
separate compartments.

There is the red base, which Raspberry Pi 5 sits on,

with a white frame in the middle. New to this case is a
clear shelf with a fan on board (that connects to the fan
socket next to the Ethernet port). This shelf has a cutout
section enabling access to the GPIO pins, and a final

lid, with airflow spacing, covers everything into a neat
package. Inside the box you will also find a heatsink to
attach to Raspberry Pi 5's main processor and four stick-
on rubber feet.

Active Cooler

An alternative cooling solution is also available, called
the Active Cooler. It may look like a fan, but this is an
extruded heatsink with fins and a blower (a fan that
sucks air in from the top and directs it sideways). It
connects directly to the board for power. You'll notice
two extra holes on Raspberry Pi 5's board to attach the
Active Cooler, which is connected with pushpins.

J
/Oo
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Raspberry Pi
Power Supply

Raspberry Pi 5 requires a 25 W (5V/5A) USB-C power
supply to support maximum current to downstream USB
devices. With only low-power peripherals like mice and
keyboards attached, you can safely continue to use a
5V/3A (15W) PSU as a minimum requirement. In testing,
we have been using the 15 W power supply without the
Active Cooler or Raspberry Pi Case without issues.

To power Raspberry Pi 5 to the best of its abilities,
you should invest in the new Raspberry Pi Power
Supply, which provides 25 W of power via a USB-C
connection. The Power Supply's input voltage is 100-
240V~50/60Hz, and output modes are:

. 51V/5A(25.5W)
- 9V/3A (27W)

. 12V/2.25A (27 W)
. 15V/1.8A (27 W)

FEATURE | MegPi M

-

PCI Express
M.2 adapter

We can exclusively reveal that Raspberry Pi is working
on a PCl Express adapter to connect M.2 storage drives
directly to Raspberry Pi 5. We'll have more information
on this soon because the L-shaped design is being
finalised. In the meantime, here is a photo of the adapter
cable that will connect to the M.2 HAT. il

Raspberry Pi5 | magpicc | 17
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Behind the s

Raspberry Pi 5]

James
Adams

CTO (HARDWARE)

James has been at
Raspberry Pi for over
ten years. You'll find
his signature on a
Raspberry Pi 5 under
the USB ports.

Whatis a
southbridge?

The southbridge in

a traditional legacy
PC is the chip that
handles most of

the medium-speed
input/output (1/0)
functions, such

as USB, storage,
networking, etc. In
comparison, the
northbridge provides
the highest-speed
interfaces: to SDRAM
and PCI Express.

Building new hardware, new silicon, and new docs

t’s been over four years since Raspberry Pi

4 was released, but parts of Raspberry Pi 5

have been in development for far longer. We
sat down with James Adams, CTO (Hardware) at
Raspberry Pi, to talk about the new technologies
on the board and what they bring to Raspberry Pi.

RP1- an in-house southbridge

Raspberry Pi 5 is coming out in October 2023, yet
one of its most important new components is a
chip that has been in development since 2015; RP1.
Technically, it’s the first bit of Raspberry Pi silicon
(hence the number) as it entered development
long before RP2040. Over the years, we’ve heard
inside Raspberry Pi of this ‘Project Y’ device being
planned for inclusion first in for Raspberry Pi 3B+,
and then in Raspberry Pi 4.

“This is our longest running chip development
program,” says James Adams. “I guess it’s the
reason that we built ourselves a chip team in
the first place... the idea is that we separate out
Raspberry Pi I/O away from the main processor.
That allows the main processor to be much simpler
and you can iterate it more quickly, as it’s almost
a purely digital design.”

You may have noticed that the layout of the
USB and Ethernet ports have swapped back to the
original Model B+ arrangement after they were
reordered on Raspberry Pi 4. We wanted to know
how RP1 had informed this, along with the layout
of the board in general.

“This is a result of our having, for the first
time, total freedom in specifying the pinout of the
various silicon devices on the board. So, the Model
B+ board layout came first. That then informed the
pinout of RP1, and then the pinouts of the other
device,” continues James. “In the middle of the
board you’ll see a big sort of multi-lane highway,
and that’s a four-lane PCI Express (PCIe) bus.

18 | magpicc | RaspberryPis

“If you had to swap any of those lanes over, it
would be a disaster. So, we designed the pinouts
of RP1 and BCM2712 (with Broadcom) to match.
It’s the same story with the power supplies: we’ve
designed the [power supply] chip with Dialog (now
Renesas) to make sure the various voltage rails
come out in the right order relative to the devices
that consume them.”

Project why?

The initial concept for a Raspberry Pi southbridge,
back in 2015, was to build a device which could
bridge the spare MIPI camera and display channels
on BCM2837 to Gigabit Ethernet and other fast
interfaces. BCM2711 integrated these interfaces,
rendering this concept obsolete, but the project
lived on as today’s RP1.

[0 | guess it's the reason that
we built ourselves a chip
team in the first place @

“The MIPI bridge was the original idea for the
RP1 chip, but we very quickly settled on the idea
that actually, we should use something more
standard like PCI Express,” explains James. “So,
that RP1 chip has gone through two prototype
silicon steps (A and B) and this C-step - that is,
the third iteration - is the production version. It’s
had fairly long gestation and I don’t believe it’s
suffered for it: I think we’ve improved on it at
each stage, and have had the time to make it all it
could be.”

PCI Express - more speed on board
One of the things we’ve seen users request for
Raspberry Pi over the years is eSATA connectors,
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€ The prototype board
for RP1is much bigger
than the final product

¥V The old technique
involves slowly
heating up Raspberry
- Piin an oven

so hopefully it will come as a pleasant surprise to
most that Raspberry Pi 5 is jumping right past that
to PCle. “We’re seeing SATA as a legacy port these
days,” James tells us.

The Raspberry Pi connector for PCle looks a
lot like the DSI and CSI ports, using a similar flat
flexible cable to connect to a HAT. Why that, and
not a standard connector, like M.2?

“M.2 is the smallest standard connector, but
it’s still quite large,” says James. “Also, it has
fairly chunky power requirements, hence the little
custom connector there. We are doing a HAT that
will allow you to put an M.2 on it though.”

When connected to the HAT, smaller devices in
the M.2 form factor should fit neatly on top of the
Raspberry Pi itself.

“The 2242 and 2230 form factors [Ed note: 42
and 30mm long respectively] should fit fine,” .
James says. “For longer devices, currently, I’ve t
got some mounting holes at the edge of the board. - t ru C ]' O n
We may be able to build some kind of bracket that

JUES

fits onto those holes and restrains the device, but
we’re still working on that one.”

Apart from the obvious opportunity to add
NVMe storage, other uses for the PCle port include
Ethernet bridges, SATA bridges, and even a TPU for

Previously, Raspberry Pi boards were manufactured using techniques called
wave, or selective, soldering. These involve carefully splashing molten solder
onto the board. A new technique is being used for Raspberry Pi 5 called
intrusive reflow. “Your pick and place machine now picks and places the big

machine learning applications. connectors as well," James explains. “What you do is you put solder paste on
the bottom side, then they put the components on, put it through the oven,
PMIC - pushing USB C to the limit and they will get soldered and stuck. And then the same for the other side..

The ‘fairly chunky power requirements’ that James they put paste over the holes, and then the pick and place machine puts these
mentioned are only possible thanks to a new PMIC in and then, when the oven comes in, it will flow down inside the holes and

(power management integrated circuit) that’s been

form a strong joint." The connectors had to be modified to withstand the heat

o ; of the oven, but it results in a yield and reliability improvement for Raspberry
developed specifically for Raspberry Pi 5. Pi, and, as James says: “it just looks better."
“This Dialog (now Renesas) PMIC is a real

beast,” James says. “It’s a brilliant bit of

Raspberry Pi5 | magpicc | 19
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P This set of chips was
custom designed
for Raspberry Pi
5, allowing for
everything to be
properly powered

Real time
clock

For the first time ever,
Raspberry Pi will
come with an RTC, a
real time clock, which
allows for accurate
timekeeping, even
when it's switched
off. “There's a little
tiny 32kHz crystal,
and we've got a little
rechargeable battery
that plugs into the
socket there,” James
said, when we asked
about it. With the
battery installed, he
reckons it will last for
six months without
needing to be
powered back on.

&

engineering. I spec’d it to add everything that I
wanted on there - despite not being really super-
sure that we’d be able to deliver everything - and,
of course, so it fitted on the board. Actually,
working with Dialog, we managed to just squeeze
it all into the space available at the right kind of
cost. It’s just been a lovely bit of engineering and
it looks really neat and tidy... It even has supply
voltage and current sensing. So, you can get on
the fly voltages and current readings for each rail
which is useful, and it’s also got a real-time clock
on there.”

And because of this custom work, a feature
that’s been much desired since the launch of the
original product in 2012 has finally been added to
Raspberry Pi 5: a power button. James has wanted
to add a button to a Raspberry Pi for a long time.
“The PMIC reads the state of the power button,
and handles ‘hard’ startups and shutdowns,
itself,” James explains to us. “For ‘soft’ startups
and shutdowns, it sends the button state to
the main processor, which manages graceful
transitions in and out of shutdown.

Powered up
The souped-up PMIC allows for the gruntier
(James’ wording) main SoC to consume more
power, and it does this in tandem with a new USB
power supply.

“We’ll be launching a new Raspberry Pi USB
power supply, which can supply five volts at
five amps. We’re using the USB-C connector at

20 | magpicc | Raspberry Pis5

its maximum current, rather than going to a
higher voltage.”

“Both the PMIC and the power supply support
the USB Power Delivery (USB PD) standard. With
USB PD there’s a little serial interface running
over the power cable. You talk to the power
supply, it starts off at five volts, but then you
ask it: ‘what voltages do you support?’. And it
says: ‘I support all these voltages.” Usually it’s
five, nine, 15, 20 volts if you’ve got a PC one.
We could have just used a standard PD supply,

[ We decided to do something
a little bit non-standard,
which is what we often do
in search of performance &

get nine volts at three amps, but then you have
to do the voltage conversion on the board. That
costs you area, it costs you silicon, it costs you
efficiency. So, we decided to do something a
little bit non-standard, which is what we often
do in search of performance, and create a five-
volt, five-amp profile for our power supply. That
means you don’t need all that conversion, but it
can still support the board, and if you’re using
the new supply we can support extra USB current
downstream compared to Raspberry Pi 4. Or more (

HAT current.”

V .\
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Writing great documentation for every level is necessary, argues Alasdair Allan

Alasdair
Allan

HEAD OF
DOCUMENTATION

Alasdair is a long-
time tech writer
and enthusiast, and
appreciates it when
people compliment
the Raspberry Pi
documentation.

Task lead vs
feature lead

Two of the main ways
the docs are split up
is based on whether
they need to be task
lead or featured lead.

Feature lead tends
to involve the lower-
level functions -
giving information on
how, e.g., SPI or i2c
work and how you
can access them.
Task lead tends to
be a bit meatier,
giving you all the
information you
need from the lower
levels up to create,
say, a web server
that displays sensor
readings.

‘ r hen Raspberry Pi Pico was released,
people were quick to praise the in-depth

official documentation found at

magpi.cc/docs. Writing the docs is a

collaborative effort with the engineering and

comms team headed up by Alasdair Allan, Head

of Documentation. We asked him how they

were written.

“How they’re written really depends on what
sort of product we’re releasing,” Alasdair says.
“For instance, Raspberry Pi 5 is the culmination
of several different projects. It has our own silicon
on-board, it’s not the main CPU, that’s a piece of
silicon from Broadcom. But Raspberry Pi 5 has got
our own RP1 chip on-board, and that’s a piece of
silicon that talks to all of the on-board peripherals.
It talks to 12C, it talks to SPI, it talks to the USB
bus, the Ethernet, the cameras, the displays; it’s
where all of the peripherals hook into the CPU. So
we need a piece of documentation that lets you
write kernel drivers, and will allow you to port an
operating system to the new Raspberry Pi 5. The
documentation needs to be a thorough register level
deep-dive, and that means that it’s going to be
collaborative effort. Because nobody can hold the
whole thing in their head at once.”

At the time we spoke to Alasdair, the peripherals
document for RP1 was roughly 1200 pages, but he
was hoping to cut that down.

“Beyond that, there’s another strand of work for
Raspberry Pi 5, which is the documentation around
the board itself,” Alasdair continues. “Raspberry Pi
5 has a number of things that have not been made
available before, [such as] PCle, and there’s other
things that are Raspberry Pi 5-specific, and that’s
the only documentation I haven’t started writing
yet. There’s plenty of time for that, and we’re still
waiting for software to settle before launch.”

Window of opportunity
Writing the docs isn’t just about getting the
information down - the kind of people looking for
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that level of info need to be able to understand it,
and this is a big part of the philosophy for the docs.
“Documentation is about letting people
accomplish a task without making them learn
more than they have to do,” Alasdair explains.
“What your user wants to do is the thing that they
want to do. They don’t care if they accomplish
that in a specific computing language, using a
specific technology, or specific piece of hardware,
they simply want to do the thing they need to do,
whether it’s measure temperature, or run a web
server, or spin up a file server, [etc.] The task they
want to accomplish is the important thing to them.
And the documentation and the software under it,
and the hardware underneath that, needs to make
that as simple as possible.”

[! Documentation is about
letting people accomplish
a task without making
them learn more than they
have to do @

For the kind of user knowledge these sections are
written for, Alasdair treats these levels as a window.

“ I don’t believe anyone can hold all that in
their heads any more. [It’s all about levels of
abstraction], you work at the top end, or in the
middle, or at the bottom, and the full stack. What
you actually work on is a moving window that
looks out onto a stack of technology that spans all
the way from silicon to high-level languages and
protocols. There’s no way that windows reaches
all the way to either end. Some people have wider
windows, and some have narrow windows. And
that’s fine. But nobody can hold the whole thing in
their hands.” I
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Bristol Braille

Canute 300

Braille readers bring literacy to non- and partially
sighted readers. Rosie Hattersley hears about @
breakthrough Raspberry Pi version

Ed
Rogers

Bristol Braille MD
Ed Rogers has

used Raspberry

Pi professionally
and for his own
interest since it first
launched, and loves
the community and
support it provides.

bristolbraille.org

smartphone and laptop info-seekers, but

the details we get to read oh-so-casually
are something most of us take for granted. Not
so for blind and partially sighted readers. Text-
to-speech engines do a great job of narrating
on-screen information, but it’s no substitute
for being able to read what you wish to at your
own pace.

Community interest organisation Bristol Braille
set about changing this with its Canute 360
multi-line reader which has a Raspberry Pi at
its heart. This Raspberry Pi Zero-based device
is the world’s first multi-line Braille reader and
is capable of generating whole paragraphs of
text at a time - a huge leap forward compared
to the few words at a time Braillists are often
accustomed to. Canute has 40 cells on each of
its nine lines of text. It can read Braille Ready
Files and Portable Embossed Files, so the world
of reading now spans texts from Bookshare, the
RNIB Library, and any other Braille library in the
world. Excitingly, it can also open up the world
of gaming.

S creen fatigue is all too real for millions of

Keeping it local
Founder and MD of Bristol Braille Technology Ed
Rogers has been working on “refreshable Braille
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technology” since 2008 and co-invented the
Canute multiline Braille display. He is also a co-
founder and trustee of the Braillists Foundation, a
community of more than 1500 people who help
each other with projects to promote Braille use.
Ed drew on this community’s expertise when
designing the Canute 360 to ensure it would meet
their needs and expectations. Having closely
followed Raspberry Pi’s success for many years,
he was convinced from the outset that it would be
the ideal component for the embryonic Braille
reader. “We didn’t want to distract ourselves by
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The brand-new Console model uses
Raspberry Pi 400 and adds a BRLTTY screen

reader in which Raspberry Pi converts
Terminal window text to nine lines of Braille

Bristol Braille's
Canute 360 is the
world’s first multi-

line Braille reader,
and is controlled by
Raspberry Pi Zero

> The Canute 360
contains 360
Braille dots

> It's the size of a

. coffee table book
P The large display

and coloured text

massively improve > It can read any
the legibility Braille-ready
text file

» The new Console
model has a built-
in high-contrast
screen

> So, both Braille and

low-vision reading
are supported
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A The Canute Console
Braille reader, based
on Raspberry Pi,
produces musical
notation, charts,
graphs, tables,
and diagrams

A Bristol Braille took their Braille readers on tour to garner feedback
to ensure the new device would match everyone's needs

26 | magpicc | Bristol Braille Canute 360

reinventing the wheel, or having to support our
own 0S,” so the dedicated OS and thriving
Raspberry Pi community were vital factors.

Bristol Braille started with a standalone,
“functional” book-reading prototype, says Ed,
and the 14 major revisions over an eight-year
development cycle each involved Raspberry Pi and
Python. The folks at Raspberry Pi loved the
concept, and Ed says individuals “bent over
backwards” in a bid to ensure Canute made it to
market. This is refreshing for a small company
working in a supply chain that likes scale. While
some components for the Canute are made in
places such as China and India, the circuit boards
are made by Philtronics in Wales, and the final
build is done in-house in Bristol and Exeter. “By
taking advantage of the proximity, we are able to
be much more hands-on,” says Ed.

Ed describes Raspberry Pi Zero as Canute’s
‘brains’. It runs Raspberry Pi OS, along
with the Braille custom user interface
(magpi.cc/canuteui). The interface was Bristol
Braille’s biggest design hurdle, especially since
the final product needed to be relatively
affordable. Although it has a £2000 price tag,
many are destined for libraries and educational
institutes and, thus, will have multiple users.
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Raspberry Pi Zero is connected to media ports
on the main circuit board, and is able to read the
BRF (Braille Ready Files), interpret them as
Braille, and send them to an Atmel chip on the
main board to convert into dot patterns. Each
Braille cell is made up of six dots which can either
be up or down. There is virtually no margin for
error, and a stuck dot can change the entire
meaning of a word.

A The Canute 360
electronic Braille
reader has ports
including USB, HDMI,
and SD card

Incredible touch

Bristol Braille’s Canute 360 has been
enthusiastically embraced by the Braillist
community, with several hundred already sold.
This summer, the team embarked on a roadshow
demonstrating the 360 and its successor, the
Canute Console. This is based around Raspberry Pi
400, meaning greater processing power as well as
an integrated keyboard. A hardware add-on that

I The circuit boards are made by Philtronics

in Wales, and the final build done
in-house in Bristol and Exeter @

includes a Canute 360, it adds a BRLTTY screen-
reader. Ed says the Console enables them to do
“far more exciting things with tactile graphics,
using Raspberry Pi 400 to interpret sports
matches as tactile animated pitches [and] to draw
maps of cities in a top-down GTA 2 fashion.”

This recently launched model has a technical
graphics focus, and is aimed at computer science
students and those familiar with using Linux or
willing to learn it. Every pre-existing multi-line
Linux terminal application shows up in digital
Braille for the first time. The new device has
generated much excitement, with the first pre-
orders currently being delivered. Watch the demo
video at magpi.cc/canuteconsole showing a
football match replay.
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Brilliant Braille!

The Canute 360 comes pre-assembled, but
there are GitHub setup instructions for the
user interface at magpi.cc/canutegit so you can
emulate it.

The Canute and Console readers can use
transcription software, such as Duxbury DBT
or Braille Blaster, on any digital text file. This can be
imported via USB and read by either reader.

An Atmel chip on the main circuit board
communicates with Raspberry Pi and converts
text files into nine lines of Braille text.
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1ant Dot

atrix .

Ryder Damen

Ryder is a creative
technologist

who likes to use
technology to bring

strange ideas to life.

With a biomedical
engineering/
science/aviation
background, he
hangs around at
the intersection of
technology and art.

magpi.cc/ryderyt

Warning!
Legal & Car Safety

Recreating this project
in the UK is inadvisable.
Attaching a car accessory
may invalidate your
insurance, and spraying
water onto the road may
be considered a hazard.

magpi.cc/drivesafely

P From above, you
can clearly read
the words that have
been input to print

Printer

You may think you know what a dot matrix printer looks like.
Well, read on and be dumbstruck! Nicola King gets on board

alking through his hometown one day,
W observing some people painting lines on

the road with a spray machine, Ryder
Damen had a brain wave. “I wondered how they
did different types of text and from there thought
of the idea that, with a bunch of nozzles, I could
pretty much spray anything I want,” he explains.

What if, say, he used water, to avoid any

permanent damage, and what if he used his
truck as the means of dispersing that water on
the ground, forming text as he drove around,
effectively creating one giant dot matrix printer
on wheels?

An impermanent print
Armed with, amongst other things, some solenoid
valves, wood to attach the valves to his truck, a
good length of hosing, speaker wire, hose splitters,
and a bilge pump, Ryder set to work.

“The ‘printer’ runs off 12V direct from the
car’s cigarette lighter,” he explains. “There’s a
Raspberry Pi 4 that runs a web server that accepts
input text, an input speed and font and, from that,
turns the text into a picture and iterates over it
left-to-right to create a bit of a map. From that
map, it then determines which solenoid valve
(1-12) to open or close, at a particular time.”
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A Aview of the inner workings, including a Raspberry Pi 4
and relay board

Raspberry Pi’s GPIO pins are used to open and
close valves via a relay board to manage the higher
voltage. It also controls a windshield washer pump
that turns on just before printing and just after
completion to pressurise the lines. The water is
then pumped out of a large bucket, into the lines,
and out through the solenoid valves onto the road.

Writing the required Python code himself
(magpi.cc/giantdotmatrix), Ryder didn’t find it
the most challenging part of the build. “Code is
my talent; that part comes easy to me. Wiring,
debugging wiring, and everything electrical on
the other hand, I struggle with and it takes me
a while.”

The solenoid valves are situated about 1.5ft
above the ground on a trailer hitch, but this
height will vary depending on the vehicle. In
terms of the amount of water utilised, Ryder
says it’s “surprisingly efficient. I can usually
write messages for about 10-15 minutes before
it runs out.”

Interestingly, he claims that you can drive any
speed, “as long as it’s a constant speed, and you
input it into the web server before you drive. We
tested it up to about 20km/h, and I'm hoping to
get the speed way up in version two.”
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A simple bucket is used

for the water reservoir

Mounted on a wooden
plank, the solenoid valves

release the water to make
the dots on the road surface

[ My neighbours have seen me
doing a lot weirder projects,
so they're used to it @

Truckloads of inspiration

Ryder describes this make as being of “moderate
difficulty”, but would encourage anyone to have a
g0, “maybe trying a project with one pump and one
solenoid (like a sprinkler).”

Looking to make new versions of the printer,
he has ordered a considerably more powerful
pump in the hope it will improve the aesthetic
of the printing. “I’m even looking at doing
colour in some way that I’ve yet to figure out - I
don’t want to have to clean up a mess or leave
anything behind.”

While feedback from the maker community has
been wholeheartedly positive, some locals were
a little bemused. “My neighbours have seen me
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Hosing transports the water

via splitters to the valves

> On his to-build list
for three years,
Ryder finally made
it this spring

> It took around three
weekends of full-
time work..

> ..including building,
testing, and filming

> It cost him around
Can$500 to build

> The priciest parts
were the solenoid
valves and
trailer frame

A Testing the solenoid valves in turn; each needs to
dispense the correct amount of water

doing a lot weirder projects, so they’re used to it,
but I did get some weird looks from people on the
street, as the machine itself — with its wires, hoses,
and dripping water - looks a bit strange.”

Ryder confirms that we can expect more offbeat
Raspberry Pi-linked projects from him, but “I’'m
keeping them secret until I actually build them.”
Watch this space... [

Giant Dot Matrix Printer | magpicc | 29


http://magpi.cc

B MUdgPi | PROJECT SHOWCASE

DispatchP1

Olivier Simard-Hanley found a picture-perfect way of keeping
in touch with his fiancee, as David Crookes discovers

Olivier
Simard-Hanley

Olivier is a data
scientist from
Montreal, Quebec,
passionate about Al
strategies applied
to language. He
entered the field
after a stint in the
arts sector and

a degree in
classical music.

magpi.cc/
dispatchpi

hen Olivier Simard-Hanley was faced
W with spending many months apart

from his fiancée, he needed to find a
simple way of keeping in touch. Trouble is, the
task was always going to be trickier than it sounds
because his fiancée was moving to a remote Inuit
community in northern Quebec to work as a nurse
for a year while Olivier was finishing his master’s
in technology in Montreal.

“Puvirnituq, in the Nunavik region, has poor
internet connectivity and no cellphone coverage,”
Oliver explains. “I also anticipated that aligning
our schedules would be challenging due to the
demands of her job and my full-time program.

I wanted to be able to swap pictures of our daily
lives in a fun and interactive way, even though we
were temporarily 1600 kilometres apart.”

She's the one
The answer, he figured, would be a system that
made image-sharing simple, so he came up with

A He chose this 7.5-inch screen from Waveshare because

it's roughly the size of a 5x7-inch printed photo
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the concept for a pair of custom-made digital
photo frames that made use of e-ink displays.
Although the couple would be limited to sharing
black-and-white images, this approach had
many benefits, notably low power consumption
and simplicity.

“It had to be energy-efficient because Nunavik
is mostly powered by diesel that’s brought in by
boat,” Olivier says. “It also needed to require very
little bandwidth as my fiancée’s internet would
probably come from an unstable satellite link. The
project had to be easy to use too and required, at
most, a couple of seconds to share a picture, much
like texting or writing an email. And I didn’t want
my fiancée to fuss with a complicated app after
completing a night shift and on-call duty.”

With that in mind, Olivier began to plan. A
frame would consist of a Raspberry Pi Zero W
computer and a 7.5-inch Waveshare e-ink display,

W Attaching Raspberry Pi to the picture frame was difficult.
Olivier used a plastic case and lots of tape in the end
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A Olivier has been delighted by the response to his project
on Reddit and GitHub. He has documented his build and
written a tutorial

and the idea was to allow images to be emailed to
a Google inbox with a program written to make
use of them at regular intervals.

“I like e-ink technology,” Olivier continues.
“Each pixel on an e-ink display hosts tiny
pigments that are physically jolted around by an
electrical charge and they stay in place even if

[ My fiancee was delighted
when | gave it to her as @
Christmas present @

power is disconnected, which means the screen
will continue displaying the same image until it
is refreshed.”

Life through a lens

Olivier thought the project would be
straightforward. It wasn’t. “I didn’t think writing
a script to automatically read attachments from a
Gmail inbox would prove so tricky,” he laments. “I
definitely underestimated this part of the project
because it took me a long time to figure out how

a Flash web application written in Python can use
and refresh Google authentication tokens.”

He used the industry-standard protocol for
authorisation, OAuth 2.0, instead of a simpler
email-password login strategy. “It was a way of
future-proofing the project because it’s a robust

PROJECT SHOWCASE | MdgPi N

Allowing overlaid text provides
context and ensures recipients

understand what images are O
showing. “A photo of pancakes

in black and white at 800 x 480
pixel resolution isn't always self-
explanatory,” Olivier says

o Photos are emailed to a Gmail inbox.

It helps that most email clients

persistently reattempt to send
messages stuck in the inbox in case

Olivier likes the old-
school rasterised

look caused by the
low resolution of
e-ink displays

and secure protocol directly supported by Google,”
he says. He also added the ability to include custom
messages which would be overlaid on to the
images. “It was hard to speak on the phone, and
internet audio calls were patchy, so I wanted a way
to explain the context of each photo,” he adds.

For greater user-friendliness, Olivier created
iPhone shortcuts too. “It simplified the process
of selecting and emailing a recent image to the
dedicated Gmail inbox,” Olivier says. “A click is
enough to launch the whole process.” This addition
proved an elegant way of stitching together all of
the application’s parts and it proved effective.

“My fiancée was delighted when I gave it to her
as a Christmas present,” Oliver recalls. “We spent a
year swapping pictures to and fro, and I was able to
discover the north through her lens as well before
flying up to visit her.” 1

of internet connectivity problems

> The screen displays
images sent
by email

> Raspberry Pi pulls
images from a
fixed URL

» Senders use a
custom iPhone
shortcut

> Shortcuts are
not necessary to
replicate the project

> It uses the Gmail
APl and Google
Cloud Run
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Zelda Guardian
securlty camera

Adopting a stray dog prompted a kind-hearted coder to come up with a Raspberry Pi
way of keeping an eye on him. Cute huh? By Rosie Hattersley

hen it comes to life goals, Oxford
W master’s graduate Naomi Pentrel

is doing pretty well. Along with an
impressive roster of academic achievements and
professional roles as a software engineer at the
likes of Google, Microsoft, and Bloomberg, she is a
regular public speaker, enthusing about MongoDB
and other database possibilities. The savvy coder
has a very important housemate to keep her in
check: the toy poodle, Ernie, who she and her
partner took under their wing two years ago.

Naomi
Pentrel

Software engineer

Naomi has an Although the Netherlands-based couple largely
MSc in Computer work from home, when they’re away they like to
Science and s check in on their beloved Ernie: hence creating a
an enthusiast R K

for Python and Raspberry Pi 4-based Zelda Guardian so they can
MongoDB. see what he’s up to. Aw, cute!

magpi.cc/

guardiangit What a character!

Although Naomi and her partner can’t bear to
be parted from their poodle, when they are they
generally set up an old phone through which they
can watch him. However, “our living room is
connected to a kitchen and there is no way to set
up a phone camera to capture the entire room. If
Ernie moves out of view of the camera, we can’t
see him,” she explains.

Not long before the latest version of The Legend
of Zelda launched, Naomi found herself looking

b Naomi spent hours at a picture of a guardian robot - an eight-legged

painting the details machine that can be either stationary or able to
to give the Guardian move about. In the game, these guardians can
webcam an authentic K A

Zelda feel rotate their heads and attack you with a laser.
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The robot also features
a repurposed Android

speaker, swivel camera,
and light-up body

Maker Naomi wanted to check
in on her pet dog wherever he

might wander around their flat

Obviously, it was only the former aspect that
Naomi wanted to copy.

Naomi decided to 3D-print a Guardian model
and place a camera where the laser is. She would
mount the Guardian head on a servo, connect
everything to Raspberry Pi, and create a functional
Zelda Guardian to monitor her dog.

Naomi’s first Raspberry Pi project, back in her
student days, paired a Raspberry Pi with a camera
to create a web-based security system, so she
knew what to expect when planning this setup.
Decorating the Zelda Guardian would be the real
challenge and a great creative outlet. To add to
the challenge, Naomi also decided to run Viam
software on Raspberry Pi, and use a TensorFlow
Lite machine learning model to detect her dog and
program the Guardian to rotate the head to follow
him around the room.

Raspberry Pi seemed a good choice since “it’s
powerful enough to run the machine learning
model I needed, and it was easy to get a ribbon
camera for it.”
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Her take on the Guardian from
Zelda is paired with Raspberry

Pi 4, Camera Module, and some
machine learning tricks to track
his daily movements

A The STL model for 3D printing

» They had to print
the Guardian
model twice..

> ..Having omitted
connectors for the
arms originally

> Naomi
recommends a tiny
hand drill for drilling
into 3D parts..

> .Scavenging old
gadgets for useful,
quirky parts...

> ..And mixing your
own craft paints for
an authentic look
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P The setup being prototyped
on a desktop prior to the
model being assembled

4 TensorFlow detecting a human
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A The Zelda Guardian
camera successfully
recognises Ernie

Team effort
“Luckily, I am not the first one to have the idea
to build a Zelda Guardian and there was already
a brilliant Guardian 3D model on Thingiverse
(magpi.cc/guardianstl) with space for LEDs
and a servo,” says Naomi. She chose a different
Guardian head: magpi.cc/guardian2stl.

Naomi asked her friend Hugh Rawlinson
to help with the 3D printing using a filament
that allows the light to shine through. Naomi
then painted the parts that shouldn’t let any
light through.

[ Decorating the Zelda
Guardian would be the
real challenge and a great
creative outlet @

Next, came the dual challenges of fitting
components such as Raspberry Pi 4 and ensuring
the camera stayed inside the head. Hugh helped
her tweak the Guardian head’s design to include
mount holes so she could attach a ribbon to
a Raspberry Pi Camera Module v1.3. “Because
they’d used the ribbon cable, the head couldn’t
spin freely. However, for the space I wanted the
Guardian for, 180 degrees of movement is enough,
so I used a 180-degree servo,” explains Naomi.

Raspberry Pi itself needed some form of box to
keep it upright inside the Guardian’s head. She
hit on the idea of slotting it inside a tranche of
tree trunk, and was able to recruit her partner to
assist with the woodwork, cutting into the tree
slice and giving the Guardian a beautiful base.
Naomi then put it all together and painted it to
look like the real thing. 7
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Get guarding

Naomi sensibly used existing Thingiverse
models and 3D-printed the versions she
wanted, based on her vision.

An 8GB Raspberry Pi 4 with Raspberry Pi
Camera Module vi1.3 and a servo sit inside
the head. Naomi's code for the project is at
magpi.cc/guardianmainpy.

An old Android speaker came in handy. Detailed
build and decoration instructions, along with
the Viam machine learning elements, are covered in
Naomi's Instructable: magpi.cc/guardianguide.
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The Oracle

Has Evan Holbert created the future of fortune telling courtesy of
a Game Boy, ChatGPT, and Raspberry Pi? David Crookes finds out

Evan
Holbert

By day, Evan
Holbert is a SCADA
and automation
engineer working
in power systems.
He's a maker and
Game Boy modder
in his free time.

magpi.cc/
theoracle

e often wish we could foresee the future
W - that way, we could get very excited

learning about all of the many amazing
Raspberry Pi goodies that are sure to await us
over the next decade! At the very least, we’d be
able to pre-empt the disappointment over our
favourite sports team’s defeats each weekend. If
only there was a way...

Step forward Evan Holbert and his amazing
(forward) looking project: The Oracle. It reminds
us in some way of Zoltar from the classic Tom
Hanks movie Big, since it allows you to insert a
coin, enter your birthday, and read your fortune.

A Abehind-the-scenes view of the electronics
used in the creation of The Oracle
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The difference is that this one doesn’t have a
scary face. Instead, it makes use of a stripped back
Nintendo Game Boy hooked up to a Raspberry Pi
Zero W computer.

Oh wise one
The idea came when Evan, who enjoys modding
Game Boys, wanted to create a show-stopping
project for Open Sauce, a two-day maker event
in San Francisco. “It started from a deep-
seated infatuation with the type of esoteric, DIY
weirdness you find in tourist traps, roadside
attractions, and boardwalks,” he says. “Coin-op
stuff just fills a very specific niche in my soul.”

To create the project, Evan looked to salvage
parts that were knocking around his workshop.
Since he wanted to present a booth at the show
about modding, one of his decisions was to take
a Game Boy and remove the case. “This was for
aesthetic effect although the payoff wasn’t quite
what I envisioned,” he explains. “I wanted more
of a ‘Neo plugged into the Matrix’, cyberpunk sort
of vibe.”

Even so, it presented a great opportunity.
The Game Boy screen could be used to display
the Oracle’s visage, Evan mused, while an LCD
screen could display any information the user
inputted. The handheld games console could then
be controlled by relay modules that ‘pressed’ the
buttons, to make it look as if the machine was
bursting into life. “I wanted to make use of A, B,
Up, Down, Left, Right, Start, and Select, although
technically B and Left are not used for this
application,” he notes.

Reading minds

The brains of the operation was always going
to be Raspberry Pi, however. “It facilitates all
the I/0 necessary for interfacing the pinpad,
coin mechanism, LCD, and relay modules,”
Evan continues. Raspberry Pi also connects to a
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A working Game Boy runs
a custom ROM powered by
Raspberry Pi. Evan plans to
add an external cartridge
port so that real games can

. . , be played on The Oracle
A Evan sketched out his project, as well as an image of the

Oracle's visage for use on the Game Boy screen

Bluetooth Low Energy printer which allows the
fortunes to be outputted on to paper.

But how are the fortunes told? Simple! When a
birth date is inputted, the information is parsed
to ChatGPT so that a horoscope can be generated
in the style of American writer HP Lovecraft or
children’s author Dr Seuss.

“Raspberry Pi uses the ChatGPT API, turns
the returned string into a bitmap, and appends

As well as using a card slot frame from

m CO i n'o p Sthf j USt ﬂ | |S G an IBM 3277 terminal, the project also
P . . uses an old microATX computer case
very specific niche in e T S ——

my soul @

it to a static logo bitmap I created in [the open-
source image editor GNU IMP],” Evan says. “I
also used ChatGPT to help me create the Python
code running on Raspberry Pi — I’d copy and paste
errors back into ChatGPT, then rinse and repeat.”

Thankfully, it turned out largely as he had
envisioned and it’s got people raving. “My
favourite reactions were those at Open Sauce - the
‘wows’ and the ones who questioned how I’d even
come up with this,” he recalls. “But some people
also noticed little details, such as the fact they
were staring into a darkened Game Boy screen that
says ‘Scrying’, which in itself is a form of scrying
[divination involving gazing]. The online response
has also been generally positive.” Just as The
Oracle would have predicted, we’d guess.

PROJECT SHOWCASE | MégpPi s

Evan can't remember
where he got the pinpad
from - nor the LCD screen
it's connected to. But this is
how you input your date of
birth for a printed reading

Quick FACTS

> The Oracle's face
appears on a
Game Boy

> Fortunes are
outputted to a
thermal printer

> Evan aimed for a
cyberpunk look

> The project took
300 hours to create

> It was 2%
planning, 98%
experimentation

4 The Oracle’s visage
was transferred to
the ROM, developed
for the Game Boy by
Julss (julss.itch.io),
a game designer
Evan hired on Fiverr.
She also created the
Scrying animation
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Sarawak, Malaysia
primary schools

Raspberry Pi supports digital skills in every primary school
in Malaysia's largest state. By Rosie Hattersley

Talent Development (meitd.sarawak.gov.my)

in Sarawak, the largest of Malaysia’s 13
states, needed an effective and affordable solution
to the lack of computer facilities in its primary
schools. Local Raspberry Pi Approved Reseller
Cytron (my.cytron.io) developed a Raspberry Pi 4
kit with a bespoke software setup to meet the needs
of all 1265 schools.

Digital skills are a vital part of education from
primary school onwards, but many schools in
Sarawak lacked basic computer facilities to support
the teaching and learning of these skills. The
state’s education ministry turned its attention to
how it might ensure access to a consistently high

T he Ministry of Education, Innovation and
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standard of facilities and teaching for children
across the region, including in rural areas where
the availability of internet infrastructure can’t
be assumed.

THE CHALLENGE
In 2021, the Ministry of Education, Innovation and
Talent Development in Sarawak set an ambitious
goal for supporting the innovation and digital
skills of primary school-aged children. They
wanted to give students at every school access
to computing hardware and software that would
help them not only to acquire the ICT skills
they will need for work and everyday life, but
also to gain experience in coding and physical
computing - building electronics projects by
connecting components.

With over 1200 schools to equip, the
solution would need to be affordable. A further
consideration was that schools in some rural areas
of Sarawak do not have reliable internet access.
Like their peers in other regions, students in
these areas need to become familiar with using
the internet to access information, but lack of
infrastructure poses a problem.

THE SOLUTION

Raspberry Pi 4 was chosen for the project, and
Cytron, a local Raspberry Pi Approved Reseller,
supplied over 9400 computer Kits for all 1265
schools across the state, with every school
receiving several units. As well as a Raspberry

Pi 4, each one included a case, monitor, keyboard,
mouse, SD card, power supply, and HDMI cable.
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Working closely with Sarawak’s Ministry of
Education, Cytron also produced a bespoke version
of Raspberry Pi’s free operating system, Raspberry
Pi OS, that is tailored for local primary schools.
Cytron preloaded this custom OS onto the SD cards
supplied with the Kits.

To make sure that every kit would work right
out of the box, Cytron assembled and tested each
one before packing it. And in order to address
internet infrastructure problems, some of the
Raspberry Pi computers supplied were set up to
function as internet-in-a-box offline servers that
would allow educational content to be preloaded
and accessed by rural schools that don’t have
reliable access to the internet.

The Ministry of Education planned a Raspberry
Pi training programme to make sure primary
schools were able to get the most out of their
new equipment. Delivered by higher education
partners, the programme would provide training
for at least one teacher in every primary school
throughout Sarawak.

WHY RASPBERRY PI?

With fast processing power and networking, USB
3.0, dual-display support, and a choice of RAM
options for a range of different tasks, as well

as a set of 40 accessible GPIO pins for quickly

SUCCESS STORY | MiigPi I

and easily connecting electronic components,
Raspberry Pi 4 is Raspberry Pi’s most popular and
most adaptable computer. It is the ideal choice for
teaching and learning a wide range of computing
subjects, from physical computing and robotics to
programming. Importantly, it’s just as well suited
for use as a desktop computer, so students can
develop a range of essential ICT skills.

[ The local Raspberry
Pi Approved Reseller
assembled and tested every
single unit &

Raspberry Pi’s recommended — and free —
operating system, Raspberry Pi OS, offers a
familiar desktop environment for learning
computer science and doing day-to-day classwork.
It provided an excellent basis for the customised
learning environment that Cytron devised for
Sarawak’s primary schools.

“The Raspberry Pi computer is a good learning
and teaching tool, especially for children at
primary school or secondary school level,” says Dr
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Hudyjaya Siswoyo Jo, master trainer in Sarawak’s
Raspberry Pi training programme for primary
school teachers. “Not only is it able to serve as a
normal computer, Raspberry Pi can also be used
to teach concepts such as physical computing.
And the tools included inside the Raspberry Pi
operating system allow students and teachers

to collaborate.”

Meanwhile, the ability to set up some of the
computers as offline servers was invaluable.
“Raspberry Pi and its internet-in-a-box
function is a very powerful tool to improve the
teaching and learning in schools, as it can bring
knowledge and learning content to pupils who are
offline or without internet access: for example,
anybody nearby with an old smartphone, tablet
or computer,” says Education, Science and
Technological Research Minister, Datuk Amar
Michael Manyin Jawong.

THE RESULTS

With Raspberry Pi kits in every Sarawak primary
school by the end of 2021, the Ministry of
Education was ready to embark on its teacher
training programme. By the end of 2022, at least
one teacher in every school had received two levels
of basic training, with plans in place for further
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training over the following two years. The aim
of the programme is to equip teachers to teach
computing skills to students so they can develop
apps and games and solve real-world problems.
Both ministry officials and teachers are
delighted with the initiative so far. Datuk Roland

[0 Raspberry Pi helps empower
pupils to learn computing
and become more creative
in problem-solving @

Sagah, Sarawak’s Education, Innovation and
Talent Development Minister, commented that
it supports the ministry’s objective of promoting
STEM and ICT education to students in the state.
And school staff who participated in the training
programme praised the educational value of the
new platform, as well as how simple and easy it
is to use. “Raspberry Pi helps empower pupils

to learn computing and become confident and
more creative in problem-solving,” enthused
one teacher.
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with Scoppy

With Raspberry Pi Pico and the Scoppy app,

you can test circuits and more

hile a multimeter is useful for

measuring aspects of electronic

circuits, an oscilloscope works at a
higher frequency and so can show the voltage
waveforms in real-time. That’s why it’s such
a handy tool for testing and debugging circuit
designs, among many other uses over a wide
range of fields.

For the electronics hobbyist, commercial
oscilloscopes can seem pretty pricey, so the
option to make your own using just a Raspberry
Pi Pico and the free Scoppy Android app is very
appealing. We’ll cover how to set it up and use it
in a circuit experiment to measure the time for a
capacitor to charge.

Install Scoppy app

First, you need an Android phone or tablet
that works with USB OTG (most modern devices
will) - or you can connect via Wi-Fi if using a
Pico W. The Scoppy Android app can be found in
the Google Play Store: magpi.cc/scoppyapp. It’s
free to download and use, with an optional in-
app purchase (£1.99) to remove the ad banner
and enable the second analogue channel.

Make a low-cost oscilloscope with Scoppy

Flash Scoppy firmware

For Pico to communicate with the
Android app, you’ll need to install the special
Scoppy firmware. There are two versions available
from the Scoppy ‘Getting Started’ wiki page
(magpi.cc/scoppygs), for standard Pico and
Pico W. Make sure you download the correct
version for your board.

It’s a UF2 file that you can flash to Pico in the
normal way: connect Pico via USB to a computer
while holding its BOOTSEL button, then drag and
drop the Scoppy firmware file to the mounted
drive (usually called ‘RPI-RP2’).

Connect Pico to app

For a standard Pico board, you’ll need to
connect it to your Android device via a USB OTG
adapter/cable. Plug it in and you should see Pico’s
status LED flashing. You’ll be prompted in the
Scoppy app to allow connection to Pico - press
‘OK’ and the bottom-left connection indicator
should then change to ‘USB OK’.

If using Pico W, you can connect it to the app

via Wi-Fi. There are two setup methods for this
(see the wiki page: magpi.cc/scoppywifi). The
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Connected via USB or
Wi-Fi, the Android phone
runs the Scoppy app

showing the oscilloscope
graph and controls

With this circuit,
we're testing how

long it takes a
capacitor to charge

easiest is to connect the Android device via USB
OTG first, as for Pico, then press ‘USB OK’ and
select Connected Device > Firmware Settings.
Select your Wi-Fi Country, then change the Wi-Fi
Mode to ‘Station/Client’ and enter your router’s
SSID name and password. Tap OK to connect

Pico W to Wi-Fi. Disconnect it from USB, then
tap ‘USB OK’ and select Change Connection Type
> Wi-Fi. With Pico W powered up, it should
quickly connect.

Read a test signal

The Pico firmware can generate a test
signal from the GPIO22 pin. By connecting this to
GPIO26 (ADCO, the default pin for analogue CH1),
you can read the signal in the app - press the Run
button and you should see the default test signal
of a square wave. If it looks too compressed on
the graph, try increasing the Time/Div setting by
pressing ‘+’ in the controls - or pinch and spread
your fingers on the graph. You can also adjust the
vertical Volts/Div and position. In addition, the
frequency of the signal can be altered by selecting
the Signal Generator option in the app’s menu.

Note: If you are connecting a signal from

another source, make sure it’s within the range of

Flashed with the
Scoppy firmware,
Raspberry Pi Pico

reads analogue
signals and sends
them to the app

0 to 3.3V, otherwise you may well damage Pico.
See Step 11 for more details.

Sine wave

In the Signal Generator menu option, the
test signal can be switched to a ‘Sine (PWM)’
output where the duty cycle changes according to
the sine function. If the GPIO 22 and GPIO 26 pins
are connected with a jumper wire, the app graph
will show a square wave with variable frequency.
You can convert it into an approximation of
a sine wave by connecting the pins with a
high-value resistor (e.g. 330kQ) instead. This

Make a low-cost oscilloscope with Scoppy
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You'll Need
Raspberry Pi Pico
or Pico W

Scoppy firmware
magpi.cc/scoppy

Android device

USB OTG adapter
(Pico only)

TopTip

Scoppy
discussions

If you want to
troubleshoot an
issue, the Scoppy
discussions
board (magpi.cc/
scoppydiscuss)
may help you to
find a solution.

The Android app
showing the square
wave test signal
from GPIO22 on a
YT graph
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The app includes a
logic analyser mode
SO you can monitor
signals on up to
eight GPIO pins

Now you have a working oscilloscope,
you can use it to measure values from
connected circuits or other sources

Figure 1: The wiring
diagram for our
capacitor charging
circuit to measure
the RC time constant

magpi.cc

works pretty well, although you could always
construct a proper low-pass filter using a resistor
and capacitor.

App display

By selecting Display in the app’s menu,
you can alter how the reading is shown. The
default is in the YT graph, but you can switch this
to an FFT (Fast Fourier Transform) which breaks

Make a low-cost oscilloscope with Scoppy

down any detected signal into a combination of
sine waves of varying amplitudes and frequencies.
You can select different ‘window’ function types:
Hann, Hamming, Blackman, or Rectangle. The
FFT graph can also be shown alongside the

YT one.

For the other Display options, you’ll need a
second signal on CH2 (GP1028 / ADC1 by default).
The XY view plots a channel on each axis, useful
for examining phase differences. It can also be
viewed alongside the YT graph.

Logic analyser

Scoppy also features a logic analyser mode
for viewing the digital signals on GPIO pins -
useful for debugging circuits and programs. In
the app menu, press the Mode button to switch
from Oscilloscope to Logic Analyzer. The eight
default GPIO pins covered are GPIO6, 7, 8, 9, 10,
11, 12, and 13. The starting (i.e. lowest) GPIO and
range can be altered in the Firmware Settings.
Each GPIO can be switched on or off at the
bottom of the graph. By connecting a source (e.g.
the test signal) to the pin, you’ll see it appear on
the graph.

Time constant experiment

Shifting back into oscilloscope mode, let’s
set up a simple circuit to measure its RC time
constant, which is equal to the amount of time it
takes a capacitor to charge to 63.2% (1 - e™).

Wire up the circuit on a breadboard, as shown

in Figure 1, but hold off connecting the 1kQ
resistor between the capacitor and GPI026 until
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you’ve turned on Pico, as it’s best not to send
any current to an ADC while Pico is off. The

10 uF capacitor’s positive leg is also connected
via a high-value resistor (we chose 330kQ) to
the output of a slide switch. The latter should be
set to off for now. We’re supplying power from
the 3.3V pin via a 47 Q resistor to prevent the
possibility of a short in case of incorrect wiring.

Charge capacitor

With the circuit wired up (apart from the
1kQ resistor to GP1026), connect Pico to the
Android app. Then connect that resistor.

In the app, set the Trigger to Roll - this mode
will start displaying results immediately, in
real-time, rather than waiting for a waveform to
complete. Set the Time/Div level to 1s/div, then
hit the Run button to start measuring.

Now set the slider switch to the on position and
you should see the voltage level rise gradually in
a curve on the graph as the capacitor is charging
up. When it gets close to the maximum 3.3V,
press Stop.

Measure time constant

You can now measure the time it took
the capacitor to charge to 63.2%), which is
approximately 2.09V. Scroll to the bottom of the
Controls panel and press Cursors. Two vertical

and two horizontal red lines should appear on
the graph. Drag the bottom horizontal line to the
0V level and the other to 2.09V (zoom in if you
need to). Then drag the left vertical line to where
the curve starts rising from 0V and the other to
where the top vertical line intersects the curve

at 2.09V.

The time difference (AX) shown in the figures
at the top left should be 3.3s in the case of our
330kQ resistor. This equates to the RC time
constant, which also equals the product of the
resistor and capacitor ratings in ohms and farads:
R x C = (330 x 103) x (10 x 107°) = 3.3. If you
change the 330kQ resistor to a 100kQ one, the
result should be 1 second. You can also measure
the time it takes the capacitor to discharge from
2.09V to 0V, which should be the same.

Taking it further

Now you have a working oscilloscope,
you can use it to measure values from connected
circuits or other sources. As mentioned, the bare
Pico setup can only be used to measure a voltage
range of 0V to 3.3V. To measure different voltage
ranges, you can add an analogue front-end
(essentially a fancy voltage divider). The Scoppy
wiki page (magpi.cc/scoppyfrontend) explains
how this works and includes some designs.
Alternatively, you can buy a ready-made FSCOPE-
500K PCB - the schematic and PCB design are
available on OSHWLab (magpi.cc/fscopepcb).

Make a low-cost oscilloscope with Scoppy
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Positioning the

red cursor lines to
measure the time it
takes the capacitor
to charge to 63.2%
(2.09V)

TopTip

Firmware
settings

In the Firmware
Settings menu,
you can alter
aspects such as
Wi-Fi connection
details (Pico W),
logic analyser
GPIO pins, and
voltage range and
Vref pins for the
ADC channels.
See magpi.cc/
firmware.
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Stewart
Watkiss

Also known as
Penguin Tutor.
Maker and YouTuber
that loves all things
Raspberry Pi and
Pico. Author of
Learn Electronics
with Raspberry Pi.

You'll Need

L298N
magpi.cc/1298n

Train set or 12V DC
motor

magpi.cc/
piborgmotor

12V power supply
magpi.cc/12v2a

Jack to screw
terminal
magpi.cc/fdcpa
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model raillway

Get on the right track by controlling a model railway

using a Raspberry Pi with motors and an H-bridge

C motors are an important part of many

electronic projects. This tutorial explains

how they are used in a model railway with
H-bridge drivers and pulse-width modulation
(PWM). This will then help you understand how to
use motors in other projects as well. The example
uses the L298N H-bridge driver which is commonly
available on a small printed circuit board (PCB).
You’ll also learn how you can create a web-based
interface so that you can control the railway via a
web page using a laptop or mobile phone.

Model railways
Analogue model railways have a DC motor
inside the locomotive to convert electrical power
into movement. The locomotive picks up the
electricity from the rails through its metal
wheels. The direction of the train is based
on the polarity of the power to the tracks
and the speed is determined by the
voltage of the electricity.
To control the train using a Raspberry
Pi, a motor driver is required. This
normally uses an H-bridge integrated
circuit, which allows the polarity to be
set to the desired direction. Whilst a
Raspberry Pi GPIO provides a digital (on
or off) output, by using PWM the output
can be switched on and off very quickly to
simulate a varying voltage.

How DC motors work

DC motors create movement using an
electromagnetic field. A simplified model of a D