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ABSTRACT

AUTHOR  Tuomas Hämäläinen     TITLE OF THESIS  BeoCreate Elements: A Journey 
into the World of Open-Source Audio     DEPARTMENT  Department of Design     
DEGREE PROGRAMME  Collaborative and Industrial Design     YEAR  2018     

NUMBER OF PAGES  138     LANGUAGE  English

RASPBERRY PI -compatible, open audio hardware and software is 
easily available, but is usually complicated to use and not as power-
ful compared to commercially available sound systems.

Bang & Olufsen’s BeoCreate 4-Channel Amplifier is a Raspberry 
Pi-compatible audio amplifier board with comprehensive signal 
processing capabilities. It outclasses most of the other available 
hardware in performance and versatility. 

The project proposes ways to make this technology easy to use for 
designers and other individuals not well-versed in audio technology 
to build their own active loudspeakers. In other words, imagine how 
an open Bang & Olufsen sound system would look and feel. The au-
thor teams up with a fellow designer to create a functional, scalable 
and beautiful concept sound system.

The background research takes the reader behind the scenes of a 
modern active loudspeaker, presenting some of its essential tech-
nologies. It also benchmarks other Raspberry Pi-compatible audio 
hardware and software, and how it was used by designers on an 
Aalto University course where custom loudspeakers were designed. 
In addition, it briefly takes a look at Bang & Olufsen design to better 
understand how to apply it in the project.

The production phase is divided into hardware and software parts. 
For hardware, the work details the design of an enclosure for Beo-
Create 4-Channel Amplifier, part of the sound system concept. The 
software part details  the design and implementation of software for 
the loudspeaker, paired with a mobile application, that provides ac-
cess to the powerful sound adjustments, both for the concept sound 
system and any other loudspeaker.

KEY WORDS
audio, loudspeakers, open source, industrial design, user interfaces, 

software development, digital signal processing, Raspberry Pi, 
BeoCreate, Bang & Olufsen
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TAITEEN MAISTERIN OPINNÄYTTEEN TIIVISTELMÄ

TEKIJÄ  Tuomas Hämäläinen     TYÖN NIMI  BeoCreate Elements: 
matka avoimen äänentoiston maailmaan     LAITOS  Muotoilun laitos     

KOULUTUSOHJELMA  Collaborative and Industrial Design     VUOSI  2018     
SIVUMÄÄRÄ  138     KIELI  englanti

RASPBERRY PI -yhteensopivia, avoimia äänilaitteita ja -ohjelmia 
on helposti saatavilla, mutta ne ovat yleensä hankalakäyttöisiä, 
eivätkä yhtä tehokkaita kuin kaupalliset, valmiit äänijärjestelmät.

Bang & Olufsenin BeoCreate 4-Channel Amplifier on Raspberry Pi 
-yhteensopiva äänivahvistin, jossa on kattavat signaalinkäsittelyo-
minaisuudet. Kortti on useimpia saman kategorian laitteita huomat-
tavasti tehokkaampi ja monikäyttöisempi.

Projektissa etsitään tapoja tehdä mainitusta teknologiasta help-
pokäyttöistä muotoilijoille ja muille, jotka haluavat rakentaa omia 
aktiivikaiuttimia, mutta tietävät rajallisesti äänitekniikasta. Tar-
koitus on siis selvittää, miltä avoin Bang & Olufsen -äänijärjestelmä 
voisi näyttää ja tuntua. Tekijä luo yhdessä toisen suunnittelijan 
kanssa toimivan, skaalautuvan ja kauniin konseptiäänijärjestelmän.

Taustatutkimus vie lukijan nykyaikaisen aktiivikaiuttimen ku-
lisseihin, esitellen sen tärkeimpiä teknologioita. Se myös vertailee 
muita Raspberry Pi -yhteensopivia äänilaitteita ja -ohjelmia, ja 
kuinka niitä käytettiin Aalto-yliopiston kurssilla, jossa muotoilijat 
suunnittelivat itse kaiuttimia. Lisäksi tutustutaan lyhyesti Bang & 
Olufsenin muotoiluun, jotta ymmärrettäisiin paremmin, miten sitä 
tulisi soveltaa projektissa.

Produktio-osuus on jaettu laitteistoon ja ohjelmistoon. Laiteosiossa 
suunnitellaan BeoCreate 4-Channel Amplifier -kortille kotelo, joka 
on osa äänijärjestelmäkonseptia. Ohjelmisto-osiossa suunnitellaan 
ja toteutetaan ohjelmistoa kaiuttimeen, sekä sen pariksi mobii-
lisovellus. Se tarjoaa käyttöliittymän kattaville äänisäädöille sekä 
konseptijärjestelmän että minkä tahansa muun kaiuttimen kanssa.

AVAINSANAT
ääni, äänentoisto, kaiuttimet, avoin lähdekoodi, teollinen muotoilu, 
käyttöliittymät, ohjelmistokehitys, digitaalinen signaalinkäsittely, 

Raspberry Pi, BeoCreate, Bang & Olufsen
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WHEN IT WAS TIME to start picking out a Master’s 
thesis topic, I was at first unsure where to look at. My 
passion still remained in the field of product design, but 
it had been shaped in a very specific way during the two 
years in Collaborative and Industrial Design. After two 
fruitful collaborative courses in 2016 with Bang & Oluf-
sen, I realised I had become very emotionally invested in 
the world of sound, and approached the company again in 
the hopes of putting this investment to work, to make it 
drive my thesis project.

I was fascinated by the technology that goes into Bang 
& Olufsen loudspeakers. It allows such sleek, sculptural 
forms to produce beautiful and powerful sound, and I 
was interested in using these technologies to design my 
own sound system. Turns out this technology is available 
for DIY projects, but is either expensive, bulky, difficult to 
use or not very powerful – or some combination of these. I 
wanted to do my part in changing this perception.

The project took the form of an open-source Bang & Oluf-
sen sound system as BeoCreate Elements, and this thesis 
is my journey into the world of sound and technology. It 
has been a long time in the making and a lot of love has 
been put into it. I hope that comes through from the story.

BeoCreate Elements was a team effort between my-
self and Joska Heikkilä, a fellow student from CoID. 
Teaming up with him made the project and my time in 
Denmark much more interesting and enjoyable. I highly 
recommend reading his MA thesis to see the other side of 
the story. 

I would like to extend special thanks to Christian 
Thams for making the whole project possible in the first 
place, and guiding us through it even when times were 
not so bright. Your support has been invaluable. Also 
special thanks to Lyle Clarke for help and support, and 
to everyone else at Bang & Olufsen who helped. You know 
who you are. Tusind tak!
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TEAMWORK

I started out on the project on my own, but joined forces 
with Joska Heikkilä in spring 2017, who had also been in 
contact with Bang & Olufsen about thesis possibilities. He 
was interested in craftsmanship in the company prod-
ucts, and how craftsmanship may manifest itself in the 
future, traditionally and digitally.

By working together, both of us could leverage our 
strengths and interests, complementing each other’s skill 
sets during the project. That way we could tackle a project 
with a larger scope than working individually, and con-
sequently come up with a more complete end result. Both 
of us had our own, clearly differentiated areas of focus: 
Heikkilä focused on the overall concept and design of the 
sound system, whilst I concentrated on the design of its 
technology.

Heikkilä’s thesis is titled BeoCreate Elements: Design of 
an Open Loudspeaker.

THESIS STRUCTURE

The proceeding of the project has been very nonlinear, 
as is often the case with a design process. To bring some 
order to chaos, the story has been organised into chapters 
based on topic. After this introduction that presents the 
premise and some background information of the project, 
I detail contextual research from before and during the 
design process, next shifting to detail the design and 
development effort, reflecting on them at the end.

As a fair warning, the language will be somewhat techni-
cal at times, but I will always try to explain any impor-
tant technical details in plain language, using examples 
or analogies as possible to make it understandable for 
everyone.

12
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01 INTRODUCTION

BANG & OLUFSEN 
CREATE

A Bang & Olufsen pennant flying on the 
rooftop of the old Factory 1 in Struer.
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ONE OF THE OLDEST  consumer electronics companies 
in the world, Bang & Olufsen were founded in 1925 by 
Peter Bang and Svend Olufsen in Struer, Denmark, and 
are still based there. The company design and manufac-
ture high-end loudspeakers, music systems, headphones 
and televisions. Known and respected for their focus on 
industrial design and attention to detail in their products, 
several examples can be found in the permanent collec-
tions of New York Museum of Modern Art.

Our founders defined the special duality that is at 
the core of our brand; the encounter between artists 
and scientists, and between design and engineer-
ing excellence. Sometimes these opposites collide 
in “friendly battles”: this is where Bang & Olufsen 
uniqueness occurs.1

This project is a collaboration with Bang & Olufsen Cre-
ate, a relatively recently established ”wing” for collabora-
tion with creative communities2, such as universities, 
startups, makers and craftsmen.

Whilst product development typically happens behind 
closed doors at Bang & Olufsen, Create takes the opposite 
approach – openness is a key value. Create is inspired 
by creative communities and collaborations, but should 
also give back to the community by open-sourcing work 
and otherwise being transparent about its operations. 
The important question to ask is not ”how can we protect 
this”, but ”what is the best way to share this?”

Practical examples of the above can be found in this very 
thesis: the project uses existing open-source software for 
music streaming and contributes back with new open-
source tools for sound adjustments. Progress from behind 
the scenes is shared on social media.

Bang & Olufsen Create collaborated with Aalto Univer-
sity in 2016 on the Interactive Prototyping and Form 
Exploration courses. The origins of this project can be 
traced back to these courses.

INTERNSHIP

I was invited to join Create for the summer of 2017, an 
opportunity which I’ll be eternally thankful for, and 
was joined by Heikkilä to spend months of June through 
October working on our thesis project as interns at Bang 
& Olufsen in Denmark. Work took place primarily in 
Copenhagen, with occasional trips to the headquarters in 
Struer. 

The internship provided us with a view of the company 
from the inside, something not many individuals get to 
see. 

I personally more than once felt like the proverbial kid 
in a candy shop: with products and prototypes every-
where, it was sometimes difficult to decide where to 
look. Perhaps most insightful was get to meet and talk 
to the people responsible for the development of those 
products. They devoted us their time and always met us 
with respect and genuine interest towards our project, 
something that can’t be taken for granted.

1 Bang & Olufsen, https://www.bang-olufsen.com/en/stories/the-friendly-
battle
2 Bang & Olufsen, https://www.bang-olufsen.com/create/
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LOUDSPEAKER 
OUTPUTS

2 x 30 W
2 x 60 W

AMPLIFIERS
3 x Texas Instruments TPA3128D2

TOSLINK
Optical Digital Audio 
In & Out

GPIO EXPANSION
Connect Accessories

SOCKET FOR 
RASPBERRY PI
Power, Data, Audio & GPIO

DIGITAL SIGNAL PROCESSOR
Analog Devices ADAU1451

DIGITAL TO ANALOGUE
Texas Instruments PCM4104

POWER IN
12–24 V DC

POWER IN
12–24 V DC
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PAGE 29
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THE PROJECT  builds around BeoCreate 4-Channel 
Amplifier. Combined with the Raspberry Pi single-board 
computer, it becomes the essential electronics of a con-
nected sound system, all in one. The picture illustrates 
the significant parts of the product.

BeoCreate 4-Channel Amplifier was first and foremost 
created to allow people to upcycle passive vintage Bang & 
Olufsen loudspeakers – to install amplifiers and stream-
ing capabilities to them. This project is called ReCreate. 
ReCreate ties in with BeoCreate Elements, so aspects of 
it are presented in this booklet.

The board was developed in a collaboration between Bang 
& Olufsen and HiFiBerry3, a Swiss company specialising 
in creating Raspberry Pi-compatible audio hardware. As 
HiFiBerry is an established name in the field, one of the 
most important benefits of partnering with them was of-
fering the new product through their existing sales chan-
nels, allowing it to instantly reach a broader audience of 
do-it-yourself-minded customers, instead of having to 
draw them to Bang & Olufsen sales channels, such as the 
retail stores.

The product became available for purchase in February 
2018 and works with open-source software.

As a fun connection to the history of Bang & Olufsen, the 
name 4-Channel Amplifier evokes the company’s original 
1920s way of naming products descriptively – the Elimi-
nator or the 4-lamper radio for example4.

▲▲An upcycled Beovox CX100 
at TechBBQ in Copenhagen, 
September 2017.

▲▶A Raspberry Pi 3 installed on top 
of BeoCreate 4-Channel Amplifier. 

3 HiFiBerry, http://www.hifiberry.com/beocreate
4 Wiper 2015. The Art of Impossible, p. 223
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BEYOND RECREATE

Despite being designed with ReCreate in mind, nothing 
about BeoCreate 4-Channel Amplifier makes it specific or 
exclusive to that project – it can be used for other things. 
The objective in the project brief for us, titled Beyond 
ReCreate, was the following:

The objective of this project is to investigate how we 
might reuse the hardware developed for ReCreate 
to expand our community and power new collabo-
rations.5

Our task was to explore the other product possibilities 
that the board would offer. To fit with the spirit of Bang 
& Olufsen Create, openness and possibility for further 
experimentation were important qualities to have in the 
end result.

MAKE SENSE OF TECHNOLOGY

A major focus is on technology in my part of the project. 
Why is this a design thesis?

Design should make technology understandable6, fric-
tionless for the user. In this case, the user is in the first 
place not the person using the completed product, but 
the one creating it – although it is entirely possible they 
are the same person. This person could be a designer, a 
craftsman, a maker or an artist, for example. This should 
be the playing field for open-source audio, with kits, 
components and software available and accessible to eve-
ryone who wants to create their own, unique connected 
sound system.

At present, the learning curve to utilising available 
components or kits to build a sound system is relatively 
steep, making them accessible only to those who have the 
required knowledge to set up and use them. Designers and 
craftsmen are usually not experts in audio technology. It 
is not a part of our education, and self-learning requires a 
passion towards the subject – the world of sound, elec-
tronics, computers and software is a complicated one and 
giving up learning is all too easy.

01 INTRODUCTION

OBJECTIVES

I do not claim to be an expert in audio, either, but it is 
something I am passionate about and my curiosity is 
limitless. My objective with this project was to learn as 
much as possible about the current state of open-source 
connected audio and take those learnings to create some-
thing with BeoCreate 4-Channel Amplifier, that could 
make the technology more accessible for the designers 
and craftsmen who are not necessarily all that interested 
in learning all the intricacies of audio technology. Part-
nering with an engineer shouldn’t be required to build 
your first connected sound system.

Imagining the result as a Bang & Olufsen product brings 
an interesting challenge: it should not be just accessible, 
but luxuriously simple and elegant as well. How would an 
open-source Bang & Olufsen sound system look and feel?

It’s about design of the technology.

5 Thams 2017
6 Vitsœ, https://www.vitsoe.com/gb/about/good-design
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RESEARCH QUESTIONS

From the project background explained so far, the main 
research question for the thesis can be extracted:

▪▪ How can open-source audio hardware and software 
be combined into a Bang & Olufsen-like system for 
designers and makers?

For background research, I am interested in the follow-
ing:

▪▪ What are some of the essential technologies and con-
cepts in a sound system?

▪▪ How much do designers know about audio? What kinds 
of needs do designers and makers have when building a 
sound system themselves (case LOUD)?

▪▪ What kind of solutions already exist on the market for 
open-source audio? 

▪▪ What characterises Bang & Olufsen design?

The project can be considered a practice-based study, 
as defined by Candy. In the thesis I describe the process 
of developing a functional sound system prototype, 
from the point of view of industrial design and software 
development. These physical and digital artefacts are the 
research outcome and contribution to knowledge. The 
creative process is documented through pictures and 
text, as is important for a practice-based study.7

I placed a major focus in the project on exploration and 
experimentation, as I have found that to be the most ef-
fective and motivating way for myself to learn – always 
dive in head first. When encountering new concepts and 
technologies, I study their theoretical background.7 Candy 2006. Practice Based Research: A Guide, p. 1-3

How can open-source audio 
hardware and software be combined 
into a Bang & Olufsen-like system for 
designers and makers?
The main research question.
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02 BACKGROUND RESEARCH

ESSENTIAL 
ACOUSTICS & AUDIO 

TECHNOLOGY

THIS SECTION PRESENTS  some concepts from acous-
tics and audio technology that I have had to familiarise 
myself with during the project. It does not go into deep 
theoretical or technical detail, but attempts to provide an 
understandable overview of the essentials.

PASSIVE VS. ACTIVE LOUDSPEAKER

Passive loudspeakers, which most conventional loud-
speakers are, require an external power amplifier to play 
sound. The simplest definition of an active loudspeaker 
is a loudspeaker that has the required amplification built 
into it.8 Bang & Olufsen introduced their first loudspeak-
ers with integrated amplifiers in 19869, and today almost 
the complete range fits this definition.

AMPLIFIERS

An amplifier takes a weak audio signal coming from a 
connected source device and amplifies it so that it can 
create sound in the loudspeakers.

Class D amplifiers are very power efficient.10 They can be 
very small in size, and they do not require a lot of cooling. 
For this reason they are favoured in applications where 
extreme power efficiency is required, such as battery-
operated portable speakers and very powerful, high-end 
loudspeakers, such as Bang & Olufsen’s BeoLab 90.11

Active speakers can have discrete amplifiers for every 
driver. For example, each of the 18 drivers in BeoLab 90 
have their own amplifier.

BeoCreate 4-Channel Amplifier features four amplifier 
channels, which can be used to connect passive loud-
speakers or individual loudspeaker drivers.

MID-WOOFER

IOIOIOIOIOIOIOI

TWEETER

DAC

NO CABINET

PORTEDSEALED

ADC

8 Martin 2013. B&O Tech: What’s so great about active loudspeakers?
9 Bang 2004. Bang & Olufsen, p. 409. The product in question is the pen-
tagonal BeoLab Penta.
10 Jun & Adams 2005. Class D audio amplifier basics, p. 2
11 Bang & Olufsen, https://www.bang-olufsen.com/en/collection/speakers/
beolab-90
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ACTIVE LOUDSPEAKER 

TWEETER PORTED 

PASSIVE SEALED CLASS 

D AMPLIFIER  WOOFER 

ADC DAC DIFFRACTION 

PHASE TREBLE MIDRANGE 

DRIVER  CABINET VOLUME 

FULL-RANGE CROSSOVER 

HIGH-PASS DSP  LOW-PASS 

BASS  FREQUENCY



A tweeter and a mid-woofer used 
for BeoCreate Elements.
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LOUDSPEAKER DRIVERS

In a loudspeaker driver, electric signals are converted to 
movement of the diaphragm, to create air pressure fluc-
tuations that we perceive as sound.12

The maximum range of human hearing is approximately 
between 20 Hz and 20 000 Hz. Generally, the goal of a 
loudspeaker is to produce as much of this frequency range 
as possible, and even beyond it. In most loudspeakers, 
different drivers are used to play different parts of this 
range.13

▪▪ TWEETERS  are small and produce high frequency 
sounds or treble, because that only requires a small 
amount of air to be moved.

▪▪ WOOFERS  are large, because they are required to 
move a lot of air to produce bass. 

▪▪ MIDRANGE  produces frequencies between the two. 
▪▪ MID -TWEETERS AND MID -WOOFERS  produce both 

midrange and either treble or bass.
▪▪ FULL-RANGE  drivers are designed to produce the 

entire frequency range (or most of it).

When a loudspeaker has different types of drivers, it is a 
multi-way loudspeaker. For example, a two-way loud-
speaker usually has a tweeter and a mid-woofer.

LOUDSPEAKER CABINET

A loudspeaker driver will produce a sound when it is 
connected to an amplifier, but it will not usually sound 
very good. As the driver pushes air out form the front, it 
simultaneously pulls air in from the behind, cancelling 
out significant portion of the sound.14

To prevent this, the driver needs to be installed into a 
chamber, which will isolate its backside from the sur-
rounding airspace, preventing the cancellation from 
occurring.

Different types of cabinets exist. A sealed enclosure is 
just that: an airtight chamber, whereas a ported enclosure 
contains a bass reflex port that harnesses some of the 
energy from the backside of the driver to amplify bass.

The optimal size for the cabinet depends on the driver. 
Too small a cabinet will resist the driver’s movement too 
much, causing the loudspeaker to lack bass.15

Almost all models in Bang & Olufsen’s current lineup of 
loudspeakers have sealed cabinets.

12 Kleiner 2013. Electroacoustics, p. 299
13 Martin 2013. B&O Tech: What’s so great about active loudspeakers?
14 Kleiner 2013. Electroacoustics, p. 329
15 Martin 2013. B&O Tech: What’s so great about active loudspeakers?

MID-WOOFER

IOIOIOIOIOIOIOI

TWEETER

DAC

NO CABINET

PORTEDSEALED

ADC
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DSP

Short for Digital Signal Processor, DSP is a small com-
puter chip specifically designed to alter digital audio 
signals using filters. A DSP adds cost and complexity to 
the product, but has undeniable advantages over ana-
logue filtering, such as its flexibility: analogue filtering 
is hardwired to alter the signal in a way determined by 
the physical circuitry and the choice of components in it, 
whereas a DSP can be reprogrammed almost instantane-
ously with virtually any type of filters at will.

Why use a DSP? The following quote is from Bang & Oluf-
sen’s tonmeister Geoff Martin and his introduction to 
acoustics at Bang & Olufsen Innovation Camp in 2017:

Visual designers want loudspeakers that are too 
small, amplifiers are usually underpowered, power 
supplies are inadequate, our customers’ rooms 
have bad acoustics, and our job is to cover up the 
mess.16

DSP can be used to:

▪▪ DIVIDE  the sound spectrum between loudspeaker 
drivers so that each driver only receives the frequen-
cies they are designed for (crossover).

▪▪ ENHANCE  sound by correcting for undesired behav-
iour of the drivers or the loudspeaker enclosure. For 
example, equalisers can compensate for small volume 
of the enclosure and produce better bass. 

▪▪ ADAPT  the loudspeaker into the room, by measuring 
how the room changes the sound from the loudspeaker 
and compensating accordingly.

▪▪ PROTECT  the drivers from harmfully loud signals and 
thermal overload.17

Combined with discrete amplifiers for each driver, the 
DSP has total control over the signals that are played by 
the loudspeaker.

BeoLab 90 is a good example of all of these. It uses its DSP 
and 18 drivers to precisely focus its sound beam at the 
listening position and to significantly reduce the effects 
that the room has on the sound, also allowing the listener 
to adjust the direction and width of the sound beam.18 
DSP has been used in Bang & Olufsen loudspeakers since 
2003.19

Although not as advanced as in BeoLab 90, the DSP in 
BeoCreate 4-Channel Amplifier is one of its most impor-
tant features, as it is precisely what makes it very flexible 
for various projects.

16 Martin 2017
17 Martin 2014. B&O Tech: Thermal Compression Compensation
18 Bang & Olufsen 2015. BeoLab 90 Technical Sound Guide, p. 7-8
19 Bang 2004. Bang & Olufsen, p. 498. BeoLab 5 was the company’s first 
loudspeaker to feature digital signal processing.
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CROSSOVER

In a multi-way loudspeaker, each driver is intended to 
produce a certain frequency band. Because a tweeter 
cannot play bass loud enough and can potentially be dam-
aged by low-frequency signals, it makes no sense to send 
them to that driver. Similarly, woofers cannot reproduce 
high-frequency signals very well. Therefore the audio 
signal needs to be split between the different drivers, so 
that only the signal suitable for each individual driver is 
sent to it.20

Different types of crossovers exist. Passive loudspeakers 
use passive crossovers, which alter the signals coming 
from the amplifiers, whilst active loudspeakers typically 
use active crossovers, placed before the amplifiers. These 
can be analogue or digital, implemented using a DSP.

DAC & ADC

After the signal is processed by the DSP, it is converted 
to analogue with a digital to analogue converter, or DAC, 
before it is amplified and sent to the loudspeaker driv-
ers. The reverse of DAC is ADC, standing for analogue to 
digital converter. This is required to connect an analogue 
audio source – such as a record player – to a sound system 
that digitally processes sound.

Although there is a four-channel DAC to feed each of the 
amplifier channels on BeoCreate 4-Channel Amplifier, 
there is no onboard ADC for audio, and thus it only ac-
cepts digital audio as input.

MID-WOOFER

IOIOIOIOIOIOIOI

TWEETER

DAC

NO CABINET

PORTEDSEALED

ADC

MID-WOOFER

IOIOIOIOIOIOIOI

TWEETER

DAC

NO CABINET

PORTEDSEALED

ADC

20 Martin 2013. B&O Tech: What’s so great about active loudspeakers?

Deconstructed, a crossover is a set of high-pass and 
low-pass filters that the audio signals pass through. Both 
filters have a cutoff frequency. A high-pass filter allows 
frequencies above the cutoff frequency to pass through, 
whereas a low-pass filter does the opposite. Despite the 
name, the filter does not create a sudden cut, but instead 
a gentler slope determined by the type of the filter. In a 
crossover, the cutoff frequencies of the high-pass and 
low-pass filters of two drivers are aligned to become the 
crossover frequency, which makes the signal smoothly 
cross over from one driver to the other, hence the name.

The exact filters used in the crossover are typically cho-
sen according to the characteristics of the loudspeaker 
drivers and the enclosure.

▲▲A “naked” BeoLab 90. The loudspeaker 
has drivers on all of its sides for maximum 
control of its sound dispersion.
Image  01: Bang & Olufsen
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SINGLE-BOARD COMPUTERS

A single-board computer, often shortened as SBC, is com-
monly used to refer to small and relatively inexpensive 
general-purpose computers utilised in prototyping. As 
the name suggests, it is a complete computer on a single 
circuit board – conceptually they are related to desktop 
computers because the user can attach input devices 
(keyboard and mouse) and a display to use them as such.

Multiple single-board computers exist on the market, 
such as the ASUS TinkerBoard21, BeagleBone22 and the 
Banana Pi23, but the best-known is likely the Raspberry 
Pi24, developed by the Raspberry Pi Foundation. Its area 
is about the size of a payment card, and includes the 
essential components of a personal computer, such as a 
processor, memory, graphics processor and connectiv-
ity with USB and HDMI ports as well as GPIO (general-
purpose input and output) pins. For permanent storage of 
data, it utilises MicroSD memory cards. It also has built-
in Wi-Fi and Bluetooth for wireless connectivity.

The GPIO greatly enhances the flexibility of the hard-
ware, and many compatible HAT25 (Hardware Attached 
on Top) accessories are available. 

The Raspberry Pi attaches directly to BeoCreate 4-Chan-
nel Amplifier, and is leveraged for music streaming 
capabilities, via Bluetooth or from the network, and for 
programming the DSP.

LINUX

As the SBC is essentially a fully featured computer, it 
needs an operating system (OS) to work, like a laptop. 
Most commonly a Linux distribution is used. The OS can 
include a graphical user interface, making it easier for 
beginners to use the system, whilst more advanced users 
can operate it with just the keyboard from the command 
line, also remotely over local network. 

The recommended Linux distribution for the Raspberry 
Pi is Raspbian26. It is maintained by the Raspberry Pi 
Foundation, and as they promote the Raspberry Pi for 
education, the full installation of Raspbian includes 
many different types of games and other educational 
software to help children learn how to write computer 
programs, for example. For other uses, such as this pro-
ject, the slimmed-down Raspbian Lite is a more appropri-
ate choice. It takes significantly less space on the SD card 
as it doesn’t include the aforementioned software and 
also does not have a graphical user interface preinstalled. 
Users can, however, install any of the features of the full 
Raspbian through a package manager.

Single-board computers are very flexible because they 
are small, have low power consumption, yet can run an 
incredibly vast range of open-source software freely 
available for Linux-based operating systems.

This work is based on Raspberry Pi and Raspbian so I will 
refer to them, although they could possibly be substituted 
with a number of other SBCs and OS releases.

21 ASUS, https://www.asus.com/Single-Board-Computer/Tinker-Board/
22 BeagleBoard.org Foundation, http://beagleboard.org/bone
23 Banana Pi, http://www.banana-pi.org
24 Raspberry Pi Foundation, https://www.raspberrypi.org/products/rasp-
berry-pi-3-model-b-plus/
25 Raspberry Pi Foundation, https://github.com/raspberrypi/hats
26 Raspberry Pi Foundation, https://www.raspberrypi.org/downloads/
raspbian/

▲▲A Terminal window, remotely 
logged in to Raspbian Lite.
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MICROCONTROLLERS

A microcontroller differs from a single-board computer, 
although they are similar in appearance and thus can be 
confused with each other. It is generally less advanced, 
more specialised, and does not need an operating sys-
tem. Instead, the microcontroller is programmed from 
another computer, typically with a USB cable. They can 
be used to monitor and control devices connected to their 
inputs and outputs.

Arduino27 is a household name in microcontrollers and 
popular in open-source electronics projects. Its features 
are extensively documented.

Teensy28 is a microcontroller similar to the smallest Ar-
duino form factors, but includes a different, more capable 
processor. Certain versions of Teensy, such as the 3.2, 
have audio processing capabilities built into them, which 
is interesting in the context of this project.

Although the GPIO header in a Raspberry Pi enables it to 
be used for similar purposes as a microcontroller, using a 
microcontroller is usually simpler and more streamlined, 
because there is no overhead of setting up a complete 
operating system and installing software: simply write 
the code and upload it. However, for simple add-ons to an 
existing Raspberry Pi-based project, such as an indicator 
LED, using a separate microcontroller can be excessive.

▲▲Arduino Uno microcontroller.
Image  02: Arduino

▲▲Teensy 3.2 microcontroller, 
roughly to scale with the Arduino.
Image  03: PJRC

▲◀A simple push 
button connected to 
a Raspberry Pi 2.

27 Arduino, https://www.arduino.cc
28 PJRC, https://www.pjrc.com/teensy/
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02 BACKGROUND RESEARCH

EXPERIENCES 
FROM LOUD

LOUD  was a series of exhibitions displaying the pro-
totypes from Collaborative and Industrial Design’s 
Form Exploration course, organised in early 2016. As 
mentioned in the introduction chapter, the course was a 
collaboration with Bang & Olufsen that year. The tutor on 
the course was Simo Puintila.

Although LOUD officially only refers to the exhibitions 
and not the course itself, it has become the colloquial 
name for the whole project, and I will refer to it as such for 
the sake of simplicity.

The prototypes were exhibited several times, in multiple 
locations, including Milan Design Week 2017 and Bang & 
Olufsen flagship store in Helsinki.

DESIGN BRIEF

The design brief for the course was the following:

The goal of the collaboration is to create a beautiful 
sound/loudspeaker with beautiful basic interac-
tion (volume, next/previous, stop/pause). […] You 
have a free leash as long as audio solutions are 
explored within the digital realm and can produce 
prototypes verifying design decisions.29

The brief was essentially identical to the one presented 
for Interactive Prototyping, which many of the same stu-
dents participated in. LOUD was about the look of sound 
– to imagine how digital music looks like in the home, in 
the form of loudspeakers in this case.

PROTOTYPES

Although the objective of the second course was to create 
high-quality physical prototypes, it was not required to 
make them function as loudspeakers, as the focus was on 
perfecting the forms and materials of the concepts into 
aesthetic models. Despite this, most of the prototypes 
eventually played sound in the exhibitions.

Because of the wide range of different prototypes, each 
with different needs in terms of functionality, includ-
ing acoustics and user interfaces, I view the project as a 
good case study of what kinds of different needs design-
ers might have when creating loudspeaker concepts, and 
what are some of the pain points in the process.29 Thams 2016
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DRIVER SELECTION

Selecting drivers for the loudspeaker was not straightfor-
ward. Not everyone was familiar with how loudspeakers 
work in the first place, and how different types of drivers 
are used for different purposes.

Bang & Olufsen made this easier by providing us a selec-
tion of drivers, and advised us to create two-way setups 
with them. The reasoning for this was that most of the 
prototypes were not designed with sound in mind in the 
first place, so in the worst case, the loudspeaker will still 
make some sound, and in the best case DSP can be used to 
improve the sound performance.

CHOOSING THE RIGHT ELECTRONICS

Bang & Olufsen supplied us with some amplifiers for the 
loudspeakers, but there was not enough hardware for 
everyone and we had to source some ourselves.

As the designs were unconventional and sound quality 
was generally not considered in their design, we attempt-
ed to find something small that would enable some degree 
of sound adjustment. This resulted in a colourful range of 
different, improvised solutions, presented later.

Almost all of the concepts were held back by technical 
limitations from sound and interaction point of view. 
This should not be the case – powerful technology should 
be available to enable this type of projects without com-
promising sound quality.

WIRING & SETUP PROCESS

This varied between the setups. Simplest were systems 
that only used two drivers, whilst those that used four 
had more complex wiring, as all of the amplifiers that 
were used had only two channels.

On those that were based on the Raspberry Pi, software 
was set up essentially manually, including Wi-Fi connec-
tivity and streaming services, which involved spending 
time on the command line, but there are alternatives to 
this. I walked participants who used this type of system 
through the setup process.

BUILDING INTERFACES

Most of the loudspeaker concepts included some type of 
user interface component. In some, this was mechani-
cal whilst others intended to use buttons or sensors. 
Using a Raspberry Pi as the streaming engine is a solid 
technological foundation, but getting a spinning disc or 
any other custom interface to control music is not easy, 
requiring the user to write custom code for their specific 
use case, a process we went through when making the 
volume wheel of BeoSound Inspire functional.

▲◀Prototypes from LOUD. 
Some photos by Ville Piippo.

1 .  BEOSOUND 50  by Henry Daly
2 . B/S 16  by Jaakko Nikkola
3. BEOSOUND LIP  by Paulo Pannuzzo
4. MODEL N°0  by Joska Heikkilä
5. STEN SPEAKER UNIT  by Mikko Akkola
6. BELONG  by Anastasia Ivanova
7. BEOSOUND CUISINE  by Leo Josephy
8 . BEOLAB S  by yours truly
9. BEOSOUND INSPIRE  by Gyöngyi Fekete
10. REFLECT  by YuShan Huang
11 .  BEOLUX  by Brad Mullen
12 . BEOSOUND SOLO  by Ville Piippo

Apart from working on my own prototype, I personally 
assisted the majority of the other participants with the 
technical side of their prototypes, and thus I’m familiar 
with each of them. I will describe some of the technical 
solutions in the next section that benchmarks different 
hardware and software solutions for open-source audio.

I will briefly highlight some of the issues the that were 
experienced during the construction of the prototypes 
on a general level. As evident from the previous section, 
the technology behind a modern loudspeaker is complex. 
This is anecdotal evidence, as it is based on my personal 
discussions and experiences from helping the other par-
ticipants with their projects.
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THIS SECTION TAKES  a look at different available 
hardware and software solutions from the world of open-
source audio, to highlight their benefits and downsides 
and how BeoCreate 4-Channel Amplifier compares to 
them. It is not meant to be exhaustive, but to reasonably 
cover options that are likely to be encountered when 
searching online.

Hardware used in the prototypes created in the LOUD 
project are highlighted and described in more detail.

The main focus will be on connected audio and Raspber-
ry Pi-compatible solutions, because of the SBC’s popular-
ity in this type of applications, but a few other interesting 
solutions will be presented. The primary source of data 
is the websites of the companies or other entities manu-
facturing hardware or developing software, with per-
sonal hands-on experiences adding more insight, where 
applicable.

AMPLIFIERS FOR THE RASPBERRY PI

There are a few companies that sell Raspberry Pi-com-
patible audio amplifiers. Examples include HiFiBerry30, 
IQaudIO31 and JustBoom32. The products consistently 
feature two channels for stereo operation with  around 
35 W of output power per channel, and are supported by 
Raspbian by enabling their respective driver. They also 
supply power to the Raspberry Pi from the power source 
they are connected to.

BeoSound Inspire used the HiFiBerry Amp+, but as it was 
a stereo system comprising of two two-way loudspeakers, 
it was equipped with simple passive crossovers, so that 
only one amplifier channel per loudspeaker could be used.

02 BACKGROUND RESEARCH

EXISTING SOLUTIONS 
FOR OPEN-SOURCE 

AUDIO

PolyVection used to offer a Raspberry Pi-compatible 
PlainAMP33 similar to the offerings from the other 
companies, although it was not a HAT. The board could 
be connected to almost any I2S source device, such as the 
Teensy 3.2, and two of them could be paired together to 
enable four-channel operation. 

BeoLab S used two PlainAMPs in this way to power each 
of the two drivers in the two loudspeakers individually. 
Belong used a single PlainAMP because it was a single 
loudspeaker with two drivers. It was an earlier version of 
the amplifier that was not capable of powering the Rasp-
berry Pi, so two power supplies were used – one for the 
amplifier and another for the Raspberry Pi.

DACS FOR THE RASPBERRY PI

The same companies that offer amplifiers as HATs, also 
offer at least one DAC in the same form factor. Using a 
DAC instead of an amplifier directly on the Raspberry 
Pi vastly broadens the array of compatible amplifiers, as 
this allows the use of virtually any audio amplifier that 
can receive an analogue signal. The Raspberry Pi has a 
built-in analogue audio output, but it is unusable in terms 
of audio quality.

In terms of software setup and use, the add-on DACs 
work identically to the amplifiers. 

30 HiFiBerry, https://www.hifiberry.com/shop/boards/hifiberry-amp2/
31 IQaudIO, http://iqaudio.co.uk/hats/9-pi-digiamp-0712411999650.html
32 JustBoom, https://www.justboom.co/product/justboom-amp-hat/
33 PolyVection, https://polyvection.com/shop/plainamp/
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RASPBERRY PI-COMPATIBLE AMPLIFIERS

IQaudIO Pi-DigiAMP+
Image  04: IQaudIO

JustBoom AMP HAT
Image  05: JustBoom

PolyVection PlainAMP v2
Image  06: PolyVection

HiFiBerry Amp2, successor to the Amp+
Image  07: HiFiBerry
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OTHER AMPLIFIER SOLUTIONS

BeoSound 50, Model n°0 and BeoSound Cuisine did not 
use Raspberry Pi-specific audio amplifiers. BeoSound 50 
used a class D amplifier board with an integrated Blue-
tooth receiver and line in. 

Model n°0 was the most complicated of all of the LOUD 
prototypes. It was a four-channel system and used a 
Raspberry Pi for streaming. A Teensy 3.2 configured as 
an audio device was connected to one of its USB ports, 
and two Teensy Audio boards34 were stacked on top of the 
Teensy itself to act as a four-channel DAC. Finally, two 
class D stereo amplifiers from Adafruit35 were connected 
to the Teensy Audio boards. An external power supply 
powered both amplifiers directly and the Raspberry Pi 
through a step-down converter36, which steps down the 
12-volt input to a 5-volt output. The Teensy received 
power from the Raspberry Pi.

BeoSound Cuisine was otherwise a similar setup, but did 
not use a Raspberry Pi and only used a single Teensy Au-
dio board and Adafruit amplifier. It received analogue au-
dio through the Teensy Audio board, and the step-down 
converter powered the Teensy instead of the nonexistent 
Raspberry Pi.

As a curiosity, Sten Speaker Unit and B/S 16 featured a 
piece of Bang & Olufsen technology: the Creative Edge 
Fun Board. This funkily named board was created in-
house at Bang & Olufsen for internal use, and it can be 
considered the ancestor of BeoCreate 4-Channel Ampli-
fier. It featured two amplifier channels and could accept 
audio in analogue and digital form. It also included a fully 
programmable DSP.

▲▲Bang & Olufsen Creative Edge Fun Board. 
Creative Edge was the former name for BeoCreate.

▲▲A stereo 20 W class-D amplifier from 
Adafruit. It looks similar to the Raspberry Pi-
compatible amplifiers, but accepts analogue 
audio input. Some assembly required.
Image  08: Adafruit

34 PJRC, https://www.pjrc.com/store/teensy3_audio.html
35 Adafruit, https://www.adafruit.com/product/1752
36 Partco, https://www.partco.fi/en/power-supplies/dcdc-converters/778-
dsn2596.html
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DSP

As is evident from earlier, there are numerous ways to 
connect loudspeakers to a Raspberry Pi. However, the 
possibilities of taking advantage of DSP in an elegant way 
in such a system seemed virtually nonexistent. DSP lies 
at the intersection of hardware and software: there needs 
to be capable hardware to run all of the different filters, 
but none of that is any good if there are no software tools 
to control it.

Because the LOUD prototypes were not primarily de-
signed with acoustics in mind, the desire to incorporate 
some type of DSP into them was strong, as it could be 
used to compensate for some of the limitations in their 
acoustic design. This inspired the hardware choices in 
some of the prototypes.

The PlainAMPs used in BeoLab S and Belong feature a 
limited DSP built into the amplifier chip, but it is not cus-
tom-programmable without an evaluation kit from Texas 
Instruments.37 Although the IQaudIO Pi-DigiAMP+, 
HiFiBerry Amp 2 and JustBoom Amp HAT are based on 
the same chip, they do not advertise this functionality.

The easiest of all of the solutions used in LOUD was the 
Creative Edge Fun Board, as it was designed to be user-
programmable from the start. Programming happens 
with the SigmaStudio software, offering a graphical in-
terface for making DSP adjustments, but only runs under 
Windows and comes with a learning curve. SigmaStudio 
is described in more detail on page 105.

▲▲The audio system design tool for Teensy resembles 
SigmaStudio with its block-based user interface.

The FreeDSP project has released open-source plans for a 
Raspberry Pi-compatible PiDSP that also uses an Analog 
Devices DSP, but as the Fun Board, it also needs to be 
programmed with a cable using SigmaStudio. PiDSP does 
not include a DAC, and a complete board is not available 
for purchase, it needs to be built from the beginning.38

The choice to use a Teensy 3.2 in some of the projects was 
because of the user-programmable, although basic DSP 
capabilities included in its processor. Its audio signal flow 
is created using a graphical web-based tool39, with filter 
settings are added in the Arduino environment, also used 
to upload the program to the Teensy via USB. This is not 
difficult for a person already familiar with Arduino, and 
several types of filters are included. 

Despite the basic nature of the Teensy DSP for use in a 
loudspeaker, it was sufficient to function as a crossover 
and to compensate for some of the issues in the sound, 
such as the lack of bass caused by a small enclosure.

Entirely software-based solutions were explored later 
with HiFiBerry Amp+, primarily using the alsaequal 
plugin40 for ALSA, short for Advanced Linux Sound 
Architecture. ALSA is the default software layer tak-
ing care of sound in Raspbian. Alsaequal is a 10-band 
graphic equaliser that can adjust left and right channels 
separately. By driving a woofer from one channel and a 
tweeter from the other, a two-way system can be created. 
This was exploited in a prototype of an upcycled Beovox 
CX50. Setting up alsaequal turned out to be an excercise 
in frustration, as it required a lot of configuration and it 
was difficult to find clear documentation on how to use it.

37 Texas Instruments, http://www.ti.com/tool/PUREPATH-CMBEVM. In 
addition to the motherboard, the TAS5756M evaluation board is required. 
Total cost about 300 EUR before VAT.
38 FreeDSP, http://freedsp.cc/index.html. Getting started guide under PiDSP 
in the Boards section.
39 PJRC, https://www.pjrc.com/teensy/gui/
40 The Digital Machine, https://web.archive.org/web/20160620163026/
http://www.thedigitalmachine.net/alsaequal.html. The original page ap-
pears to have vanished.

37



MUSIC-FOCUSED LINUX 
DISTRIBUTIONS

There is a lot of choice in software for a Raspberry 
Pi-based connected sound system. There are several 
pre-configured Linux distributions geared specifically 
towards music playback.

Not all of the listed distributions are open source or free 
of charge. For example, the multiroom system Roon41 
includes a cloud service component and is offered with 
subscription pricing. According to the website, Roon is 
included in many commercial sound system products. 
Max2Play42 offers free basic functionality but charges for 
extra features, likewise with a subscription.

Overall the different distributions, especially those that 
are open source, offer a similar feature set by packag-
ing the same open-source projects that enable the use 
of different streaming services, and then combine that 
with a web-based user interface. VolumIO43, Moode44 and 
RuneAudio45 even look similar.

These distributions focus heavily on playback of local 
files stored on either a plugged-in storage device or a 
network drive (NAS). The files can be accessed through 
the web interface, which also provides access to internet 
radio stations and system settings.

The advantage of these ready-to-use distributions is their 
comprehensive feature set and the ease of setup. After the 
operating system image is flashed onto the SD card, the 
user typically only needs to set it up to connect to their 
Wi-Fi network. 

VolumIO, for example, accomplishes this by creating a 
hotspot that other devices can temporarily connect to. 
The web interface can then be used to add the correct 
network settings. This behaviour is similar to Bang & 
Olufsen’s Beolit 12 portable AirPlay loudspeaker, and 
allows Wi-Fi configuration completely without a wired 
network connection. By comparison, RuneAudio does not 
offer hotspot functionality and always requires a wired 
connection for first-time Wi-Fi setup.

▲▲Logos in from top to bottom, 
some modified for better visibility.
Image  09: VolumIO
Image  10: Max2Play
Image  11: Moode Audio
Image  12: Roon Labs
Image  13: RuneAudio

▲▲Screenshot of the now playing 
screen from VolumIO.
Image  14: Jim Ambras

41 Roon Labs, https://roonlabs.com/index.html
42 Max2Play, https://www.max2play.com
43 VolumIO, https://volumio.org
44 Moode Audio, http://moodeaudio.org
45 RuneAudio, http://www.runeaudio.com
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STARTING FRESH WITH RASPBIAN

Besides the pre-configured distributions, it is also pos-
sible to start from scratch with an unmodified installa-
tion of Raspbian (Lite). This can be a viable option for 
technically savvy users with very specific needs, as the 
resulting installation can be very minimal with almost 
no unneeded features. Most of the software components 
that come with the pre-configured distributions can 
be installed separately on Raspbian. The next sections 
briefly introduce some of these components.

MUSIC PLAYER DAEMON

The pre-configured distributions, such as VolumIO and 
RuneAudio, rely heavily on Music Player Daemon46, or 
MPD in short, to provide music playback features. MPD 
does not have a user interface, but allows other programs 
to connect to it and act as a user interface, which the web 
interface in those distributions does, among other things. 
MPD uses plug-ins to facilitate adding features to it.

Mopidy47 is an almost feature-equivalent alternative 
to MPD. Its main advantage is its support for Spotify, 
SoundCloud and Google Play Music services, and subjec-
tively more attractive documentation. Mopidy works with 
the same user interfaces as MPD.

SPOTIFY

There are multiple ways to use Spotify with this type of 
system. The Mopidy-based alternative provides a browser 
interface, and the user needs to use the MPD user inter-
face to select songs or playlists. 

Spotify Connect48 is common in commercially available 
systems. It allows the first-party Spotify application on a 
smartphone or computer to act as a remote control for the 
sound system. Spotify Connect does not require the user 
to separately log in to their account on the music system, 
whereas Mopidy as an independent Spotify client does.

Spotify Connect is not officially open-source, but the 
librespot49 open-source project has reverse-engineered it, 
and as the it has not been terminated by Spotify, they are 
either unaware of its existence (doubtful) or approve of it 
on at least some level.

Projects that use librespot include raspotify50 and spoti-
fyd51. Raspotify is the easiest to install with its complete 
installation script, with spotifyd offering a more com-
prehensive feature set such as an interface that other 
programs can hook into, potentially enabling physical 
controls on the sound system to control playback.

46 Music Player Daemon, https://www.musicpd.org
47 Mopidy, https://www.mopidy.com
48 Spotify, https://www.spotify.com/connect/
49 Liétar, https://github.com/plietar/librespot
50 Cooper, https://github.com/dtcooper/raspotify
51 Persson, https://github.com/Spotifyd/spotifyd
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AIRPLAY

AirPlay52 is Apple’s proprietary music streaming technol-
ogy that works on the local network. It was reverse-engi-
neered by the shairport project53, with the shairport-sync 
fork in active development.54

Shairport-sync is included in most of the pre-configured 
distributions. However, it is not integrated with the user 
interface in any way, running independently in the back-
ground.

Shairport-sync was exclusively used on the wireless 
loudspeaker prototypes in the LOUD project, as it al-
lowed them to play in sync with each other and the wired 
loudspeakers, with iTunes as the source.

AirPlay requires no interaction with the sound system 
itself, although the protocol does allow the loudspeakers 
to send playback commands to the source over network.55 
BeoSound Inspire used this to directly control the volume 
of the AirPlay source using its physical volume wheel that 
was connected to the Raspberry Pi using an Arduino.

The upcoming AirPlay 2 will bring significant changes, 
including more robust buffering and multiroom fea-
tures.56 Although it is unlikely it will be immediately 
reverse-engineered for open-source use, it is reasonable 
to assume that support for the original AirPlay protocol 
will continue, and thus shairport-sync-based loudspeak-
ers should continue to work just as before.

BLUETOOTH

Bluetooth audio is perhaps the most ubiquitous stream-
ing method of all of those introduced here. It is platform 
and service-agnostic and supported by virtually every 
computer and smartphone currently in use. Bluetooth 
does not requre a network, making it ideal for portable 
loudspeakers.

Bluetooth streaming with Raspberry Pi has historically 
been relatively complicated to set up and use, as each de-
vice had to be manually paired from the command line.57 
The aptly-named bt-speaker project58 simplifies this with 
an installation script and by automatically pairing con-
necting devices. Bluetooth streaming is included in some 
of the previously introduced pre-configured distribu-
tions.

MULTIROOM

In the context of Bang & Olufsen, it is relevant to mention 
multiroom, as it has been a part of the company’s strategy 
for almost 40 years.59 Multiroom refers to playback of the 
same source in sync in multiple rooms by using multi-
ple interlinked sound systems. Proprietary multiroom 
protocols, such as Bang & Olufsen’s BeoLink Multiroom60, 
Sonos61, or Chromecast62, operate over the Wi-Fi network.

An open-source multiroom alternative is the Snapcast 
project. It takes audio playing on the server, such as a 
Raspberry Pi and redistributes it to clients.63

▲▲Audio output selector menu on iOS 11, 
showing AirPlay loudspeakers.

52 Apple, https://developer.apple.com/library/content/documentation/Au-
dioVideo/Conceptual/AirPlayGuide/Introduction/Introduction.html
53 Laird-Wah, https://github.com/abrasive/shairport
54 Brady, https://github.com/mikebrady/shairport-sync
55 Vasseur, https://nto.github.io/AirPlay.html#audio-remotecontrol
56 Apple, https://developer.apple.com/videos/play/wwdc2017/509/
57 StackExchange, https://raspberrypi.stackexchange.com/ques-
tions/47708/setup-raspberry-pi-3-as-bluetooth-speaker
58 Larsen, https://github.com/c-larsen/bt-speaker. This fork was created for 
ReCreate to address some issues with the original software.
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WI-FI SETUP ON RASPBIAN

The basic installation of Raspbian Lite includes the 
necessary software to enable the Raspberry Pi to connect 
to wireless networks. This is orchestrated by a program 
called wpa_supplicant. It keeps track of names and pass-
words for networks that have been input to the system, so 
that it can automatically connect to any of them as they 
are available without user interaction.

However, to add or remove wireless networks the user 
needs to log in to the command line, and either manu-
ally edit the wpa_supplicant configuration file, or use the 
wpa_cli utility for the purpose.

Although well-documented by the Raspberry Pi Foun-
dation64, neither of these methods is very user-friendly. 
Forcing the user to the command line is an inconvenience 
at best and alienating at worst.

CONCLUSIONS

As there are many solutions to both the hardware and 
software problem in creating an open-source connected 
audio system, choosing the right building blocks can be 
difficult. With hardware it is mostly the matter of choos-
ing which amplifier to use, and apart from BeoCreate 
4-Channel Amplifier, all of the presented options are 
almost identical. The user can be certain that they work.

The DSP front leaves a lot to be desired, due to both lack 
of hardware and intuitive ways to control it, the former of 
which BeoCreate 4-Channel Amplifier addresses.

Most of the complexity and choice is in software.

None of the pre-configured software distributions seem 
to offer everything that is expected from a modern con-
nected sound system, such as Bluetooth streaming or 
Spotify Connect, focusing more on playback of local files. 
With the continuing growth of music streaming services, 
it is not at all given that users have local music in their 
possession.

Starting with a non-specialised distribution such as 
Raspbian enables building up the exact feature set that is 
required, but comes with the drawback of being signifi-
cantly more work to set up as the process is very manual, 
despite the availability of easy installers for many of the 
components.

In testing it was found that common to all of the solutions 
is the lack of integration: each of the different pieces of 
software operate in their own bubbles without awareness 
of each other. Apart from switching between different 
services MPD offers, the user generally needs to stop 
playback on a source before starting another, or else they 
will play at the same time. There are also no easy, univer-
sal answers for sound adjustments.

ctrl_interface=DIR=/var/run/wpa_
supplicant GROUP=netdev

update_config=1
country=FI

network={
 ssid="UNDERNETTET_cowork"
 scan_ssid=1
 psk="PasswordBrunel"
 key_mgmt=WPA-PSK
}

network={
 ssid="Hiper23"
 psk="passwordgade99"
}

network={
 ssid="TARDIS"
 psk="passworde4959"
}

▲▲An example of the wpa_
supplicant.conf file, which stores the 
information about Wi-Fi networks 
the system will join.

59 Bang 2004. Bang & Olufsen, p. 392. Beocenter 7700 was the first Beolink-
enabled sound system.
60 Bang & Olufsen, https://www.bang-olufsen.com/en/collection/multiroom
61 Sonos, https://www.sonos.com/en/system
62 Google, https://www.google.com/chromecast/built-in/audio/
63 Pohl, https://github.com/badaix/snapcast
64 Raspberry Pi Foundation, https://www.raspberrypi.org/documentation/
configuration/wireless/wireless-cli.md
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02 BACKGROUND RESEARCH

BANG & OLUFSEN 
DESIGN

ONE OF THE OBJECTIVES  in the project is to create an 
interpretation of Bang & Olufsen design. For background, 
I will briefly present a number of characteristics of the 
design, and illustrate them with product examples.

Bang & Olufsen use design to accommodate the life-
style of their customers offering luxurious simple 
solutions to everyday situations.65

DESIGNER SIGNATURE

Bang & Olufsen work with external designers and design 
studios for their industrial design, and tend to visibly 
acknowledge the designers in their communication. The 
designers are typically chosen with a closed competition 
process by sending briefs to either one or a few designers, 
depending on the product in question.66

Each of the designers typically designs multiple products 
for the company, and has introduced their own, unique 
signature to the company’s design language.

Whilst the products from approximately mid-1960s 
onwards featured a consistent extruded, flat, minimalist 
look perfected by Jacob Jensen, during the 1990s and the 
21st century the company’s design language has become 
more diverse and sculptural in terms of shapes with 
David Lewis. The current range prominently features 
works from Torsten Valeur, Øivind Alexander Slaatto, 
Cecilie Manz and Noto, for example. 

Each product has its unique identity, which also makes 
it difficult to describe the ”form” of Bang & Olufsen as a 
whole.

Instead of looking for consistent motifs in form, such as 
corner radii or the use of certain geometrical shapes in 
the products, as these do not exist in the same ways as in 
other companies’ products, it is perhaps more interesting 
to approach the design from the angle of materials and 
other qualities the products typically express.67

▲▶Selected examples from Bang & Olufsen 
product line from different designers.

65 Thams 2016
66 Möckel & Sung Borg 2014. Bang & Olufsen, p. 55
67 Karjalainen 2010. In quest of strategically meaningful and attractive forms, 
p. 184. Karjalainen presents signature design elements found in BMW cars.
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BeoPlay A1, Cecilie Manz 2016
Image  15: Bang & Olufsen

BeoSound Shape, Øivind Alexander Slaatto 2017
Image  16: Bang & Olufsen

BeoLab 50, Noto 2017
Image  17: Bang & Olufsen

BeoLab 19, Jakob Wagner 2013
Image  18: Bang & Olufsen

BeoSound 2 & 1, Torsten Valeur 2016
Image  19: Bang & Olufsen
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MATERIALS & CRAFTSMANSHIP

Bang & Olufsen products are meant to be seen and 
touched. Materials should be chosen with great care, and 
a material should always stay true to itself: if something 
looks like aluminium, it should be aluminium, not coated 
plastic. 

Core materials include aluminium, glass, fabric and wood.

Aluminium can be considered almost synonymous with 
the company itself, as it has been used in virtually every 
product released since its breakthrough in 1967 with 
Beolab 500068. The reputation of excellence that the com-
pany has in aluminium production is not at all difficult to 
understand when touring the clean and organised facili-
ties of Factory 5 which houses most of Bang & Olufsen’s 
aluminium parts production in Struer, Denmark. 

Many parts of the production are automated with CNC 
machining and robotics, as expected of a modern fac-
tory, but the processes in milling, turning, polishing and 
anodisation are the result of decades of hands-on ex-
perimentation and experience, something that not many 
companies can claim. And in the end, all aluminium parts 
produced in Factory 5 are visually inspected by humans 
to ensure no imperfections make it to the customer.

Aluminium is used for its precision, strength and the 
wide variety of possible finishes, ranging from brushed to 
high gloss. The material is credited for making the prod-
uct blend into its environment by reflecting colours from 
its surroundings.69

Wood has been making a comeback in the recent years 
into the product lineup. Wood can effectively domesticate 
a product, with its warmth and friendliness balancing 
the sharp geometry and cold materials. Fabric is used to 
similar effect, mainly to cover loudspeaker drivers, due to 
its acoustical transparency and customisability.

▲◀ Inspecting BeoRemote One 
bodies in Factory 5.

68 Bang 2004. Bang & Olufsen, p. 315
69 Wiper 2015. The Art of Impossible, p. 189

▲◀Standard and Kvadrat fabrics on BeoSound Shape 
tiles. The look of the system can be customised by 
changing covers.
Image  20: Bang & Olufsen

▲▲Beomaster and Beolab 5000, designed by 
Jacob Jensen in 1967, are pioneers of anodised 
aluminium in Bang & Olufsen product line.
Image  21: Bang & Olufsen
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▲▲BeoLab 12.3, David Lewis Designers 2013, 
in polished aluminium.
Image  22: Bang & Olufsen

▲▲BeoLab 18, Torsten Valeur 2013, was a 
modernisation of the original David Lewis-
designed BeoLab 8000 from 1992.
Image  23: Bang & Olufsen

▲▶BeoSound 9000, David Lewis 1996. The six-disc 
changer protects the discs with a motorised glass 
pane. The player always leaves discs as the user 
placed them, when the clamper moves up to 33 km/h 
to play the next disc.
Image  24: Bang & Olufsen

▲▲BeoVision 14, 2016, original design by 
David Lewis in 2010. The loudspeakers 
are covered with oak lamellas.
Image  25: Bang & Olufsen



▲▲BeoSound Moment, Noto 2015. According 
to Bang & Olufsen, the music system was 
the first consumer product to feature touch-
sensitive wood surface.
Image  26: Bang & Olufsen

▲▲BeoSystem 2500, David Lewis 1991. Glass 
doors cover the control panel and slide 
open as the user’s hand approaches.
Image  29: Bang & Olufsen

▲◀BeoSound Essence, Noto 2014, is 
described as a light switch for your music.
Image  30: Bang & Olufsen

▲▲BeoVision Avant, Torsten Valeur 2014. As 
the TV is turned on, the hidden loudspeakers 
unfold and the stand that has two points of 
rotation turns the set to face the user.
Image  27: Bang & Olufsen

▲◀BeoSound 5, Anders Hermansen 2008, has 
a satisfying scroll wheel. It can be described 
as the physical equivalent of the smooth 
inertial scrolling in smartphones.
Image  28: Bang & Olufsen
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MAGIC & SIMPLICITY

Magical is in many ways an overused word to describe a 
product’s design. For Bang & Olufsen, magic is included 
in the company’s brand ideal (page 20). For every prod-
uct, there should be a ”catch”, something that evokes the 
wow in the user, and not just once, but every time. Magi-
cal features are often not justifiable from cost-effective 
manufacturing point of view70, but they can be effective in 
strengthening the user’s emotional connection with the 
product.

Magic can be a precisely choreographed mechanical 
movement triggered by the user’s action, a novel user 
interface element, or a control wheel that has resistance 
and momentum so perfect that the user will want to spin 
it just because it feels so good.

Simplicity is another important value: a product should 
offer the essential features at any given moment, and 
nothing more. In earlier products, this meant dividing the 
product features into primary functions, always visible, 
and secondary functions, hidden behind a door.71 The 
division between a simple, physical user interface and a 
more comprehensive mobile application can be consid-
ered to echo this today.

Simplicity also combines well with magic, such as in a 
loudspeaker that adapts itself to the room acoustics with 
just one touch.72

BEAUTIFUL SOUND, DESIGNED FOR 
LIVING

Bang & Olufsen loudspeakers are designed to reproduce 
music as the mastering engineer intended it, but they 
are not designed to have a flat sound signature. This is 
because the room will always alter how the loudspeaker 
sounds, as few rooms have perfect acoustics. As a result, 
a loudspeaker with a flat sound signature is not flat any-
more.

Rather than requiring the customer to treat their living 
room to be acoustically perfect, the loudspeakers are 
instead tuned to the acoustics of an average living room. 

…the goal is that the combination of B&O loud-
speakers and your living room should be the same 
as studio monitors and a recording studio.73

As all rooms are different, each have their own issues, 
but this can go a long way in alleviating them. At the very 
least, it illustrates the idea that Bang & Olufsen products 
should fit into the lives of their users, instead of the other 
way around.

▲▲BeoLab 5, David Lewis 2003, is one of the 
most distinctive Bang & Olufsen loudspeakers 
of all time. It features automatic bass 
calibration with a built-in microphone.

▲▲Beosystem 5000-series (7000 pictured), Jacob Jensen 1983, 
delegates most functions to the Master Control Panel, maintaining 
only minimum functionality on-device.
Image  31: Bang & Olufsen

70 Wiper 2015. The Art of Impossible, p. 207. The unfolding loudspeaker 
mechanism in BeoVision Avant contains over 160 unique mechanical parts 
and has to operate silently.
71 Wiper 2015. The Art of Impossible, p. 56
72 Bang 2004. Bang & Olufsen, p. 496. BeoLab 5, introduced in 2003, 
remains the only loudspeaker produced by Bang & Olufsen to feature one-
touch, microphone-based room compensation system.
73 Martin 2013. B&O Tech: What is Sound Design?

47



LONG-LASTING

A customer pays a significant price for a Bang & Olufsen 
system. As such, it is reasonable to expect it to have a long 
lifetime. 

Even if the product itself remains in perfect operational 
condition, it is important to recognise that it does not 
exist in a vacuum. Bang & Olufsen emphasise interoper-
ability of their products, with loudspeakers connect-
ing directly to televisions74, and sound systems linking 
together throughout the home for a seamless multiroom 
experience.

Whilst the loudspeaker driver was invented over a cen-
tury ago75 and still works the same way, the technologies 
around it and the ways of listening to music have changed 
significantly within the last 30 years, with the move 
from vinyl records to digital music. Bang & Olufsen have 
historically gone to great lengths to keep older products 
relevant to their users, by releasing converters and adapt-
ers that enable linking old and new products together.

As Bang & Olufsen and the world are moving increasingly 
towards wireless, completely integrated all-in-one sound 
systems76, it is interesting to see how the longevity of the 
products is affected. In theory, the sound-producing part 
– amplifiers, sound processing, drivers – can stay good 
as new for decades, whilst wireless standards, software 
and services are ever evolving. How long is it feasible 
for a company to provide software updates to keep such 
a system functional and prevent it from becoming an 
expensive paperweight? Examples of a company failing to 
support products like this do exist.76

74 Bang & Olufsen, https://www.bang-olufsen.com/en/collection/televi-
sions/beovision-eclipse, for example. Scroll down to ”Integration”.
75 Schneider 2015. Danish Loudspeakers 100 Years, p. 4
76 Thams 2016
77 Gartenberg, https://www.theverge.com/circuitbreak-
er/2018/4/15/17234280/nocs-ns2-air-monitors-airplay-speakers-bluetooth-
obsolete-problem.
78 Karjalainen 2010. In quest of strategically meaningful and attractive forms, 
p. 189

Although not exactly a turnkey solution, BeoCreate 
4-Channel Amplifier and ReCreate can be seen as a ges-
ture to the owners of the old loudspeakers – it is a way to 
make them relevant again with a relatively easy hardware 
upgrade. Combined with open-source software and the 
ability to easily upgrade the Raspberry Pi that handles 
wireless functions and software, it is theoretically pos-
sible to support the product forever.

CONCLUSION

It is difficult to dissect Bang & Olufsen design more con-
cretely on the scale of the whole product line. The product 
line consists of works of multiple external designers, and 
each designer has their own ”signature” that is visible in 
the product. It can be said that the most important com-
mon design elements in all Bang & Olufsen products are 
the feelings the product should evoke, rather than disci-
plined use of certain physical motifs throughout the prod-
uct line to conform to a unified visual design language. 
This obviously requires the designers and the company to 
carefully anticipate the meanings that the customers will 
associate with the products.78

▲◀Beogram 4000, Jacob Jensen 
1972, is still sought-after and 
can be connected to the latest 
Bang & Olufsen sound systems.
Image  32: Bang & Olufsen
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03 FOCUS

AREAS 
OF FOCUS

BEOCREATE ELEMENTS CUSTOM LOUDSPEAKERS

IN THIS SHORT CHAPTER  I will present my areas of fo-
cus in the design and development practice, before detail-
ing each of them in their own chapter. For context, I will 
first explain the overall concept of BeoCreate Elements.

OPEN & SCALABLE LOUDSPEAKER

BeoCreate Elements is an open design sound system. 
Rather than being designed for commercial manufactur-
ing in a factory, the idea is to allow anyone to download 
the plans and build it themselves, or have a professional 
craftsman build it for them, locally. This is similar to how 
OpenDesk operates.79

The system is designed to be built into a wall or a piece of 
furniture. BeoCreate Elements is not an in-wall loud-
speaker, but only slightly sunken into a pocket machined 
to the wall, acting as a part of the enclosure. As a result, 
it cleverly hides its depth, appearing like a thin panel 
loudspeaker.

A major feature of the concept is its scalability. The user 
can freely choose the size of the loudspeaker, within 
certain constraints, to exactly fit their needs and place-
ment. An algorithm developed by Heikkilä uses dimen-
sions provided by the user to design the enclosure of the 
loudspeaker, of which plans can be made for CNC milling.

Earlier in the process, we considered a modular approach 
with freestanding, interchangeable sound frames with 
easily removable electronics, portable systems and on-
wall loudspeakers before arriving at the current concept.

For a detailed look at the concept, please see Heikkilä’s the-
sis. Pictures of the system can be found in the final chapter.

BEOCREATE CORE

An essential part of BeoCreate Elements is BeoCreate 
Core. It is home to the electronics of the system, namely 
BeoCreate 4-Channel Amplifier. The industrial design of 
the Core, and what happens inside it, was my reign in the 
project.

As the loudspeaker in BeoCreate Elements is scalable, it 
will sound different for each different shape and size. The 
aim is to utilise the DSP in BeoCreate 4-Channel Amplifi-
er to optimise the sound performance of the loudspeaker, 
so that each configuration will provide the best possible 
sound.

To make this easy, the idea is to allow users to input the 
dimensions they used to create the plans for the loud-
speaker. The system knows the physical attributes of the 
loudspeaker based on this and can automatically create 
the right filters for it.

The development of the concept and industrial design of 
BeoCreate Core is detailed in the next chapter.

79 OpenDesk, https://www.opendesk.cc/about
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CUSTOM LOUDSPEAKERS
CUSTOM LOUDSPEAKERS

My focus in the project was not entirely on the described 
sound system concept, but also to consider the needs of 
designers building completely custom loudspeakers and 
sound systems, such as in the LOUD project.

I initially intended to serve this group with BeoCreate 
Core, but as I will explain in that chapter, the approach 
was abandoned. Instead, I decided to focus my efforts on 
software features, and in particular making the DSP in 
BeoCreate 4-Channel Amplifier more accessible and use-
ful for custom projects.

To clarify: in the software chapter, BeoCreate Elements 
doesn’t refer only to the sound system concept described 
earlier, but to the whole software suite that also includes 
features more relevant to custom loudspeaker projects.

The software design and development for BeoCreate 
Elements and custom loudspeakers is detailed in its own 
chapter, starting on page 81.





DESIGNING 
BEOCREATE CORE

04
BACKGROUND

THE CORE CONCEPT

FORM & CONSTRUCTION

TOP CASE

BOTTOM CASE

DETAILS

CONNECTIVITY

53



04 DESIGNING BEOCREATE CORE

BACKGROUND

54



IN BEOCREATE ELEMENTS,  BeoCreate Core is the 
home to BeoCreate 4-Channel Amplifier. Part of my area 
in the project was the physical design of the Core.

I will soon describe the overall concept, form and con-
struction of BeoCreate Core and then detail its individual 
parts, focusing on their manufacturing, materials and 
colours.

ABOUT PROTOTYPING

During 2017 we were mostly working on BeoCreate Ele-
ments in Copenhagen, Denmark. Bang & Olufsen have 
offices in Copenhagen, but there is limited space for 
physical prototyping work. 

For this reason, most of our prototyping activities during 
2017 were concentrated to a place called Underbroen. It 
is a maker space and community situated within one of 
the pylons of Langebro in central Copenhagen, hence the 
name that translates to under the bridge. Anyone can pay 
to become a member and get access to the workshops, 
tools and machines, such as a CNC mill, laser cutter, 3D 
printers and an electronics workstation.80

The project was the first time for me working with a CNC 
mill independently, and served as a great learning experi-
ence involving different materials, wood and aluminium 
in particular.

3D MODELLING PROCESS

Typically in my personal style of designing products, I 
tend to move quickly from rough mockups into 3D model-
ling. I also took this approach in my BA thesis.81 Although 
it can compromise free formgiving, the goal was not to 
create wild and organic forms and instead focus on basic 
shapes to achieve a design that is aesthetically simple, 
elegant and as timeless as possible, and on top of that easy 
to produce, I did not feel limited by the process.

Rhinoceros was used in the start. I treat it as the 3D 
equivalent for quick sketching or for designing very 
simple objects, mainly because the lack of model his-
tory makes it less useful when tweaking small details for 
fabrication. On the other hand, Rhino feels at home on the 
Mac platform with its fast user interface and fluid track-
pad gesture support.

For the course at Underbroen that taught how to use the 
CNC mill, Autodesk Fusion 360 was used, as it is free for 
personal use and has integrated capabilities to create 
CNC toolpaths. It is also available on the Mac platform. 
After the course I used it to create all 3D models for 
BeoCreate Core, because of all the flexibility it offers as a 
parametric modelling software.

80 Underbroen, http://www.underbroen.com/
81 Hämäläinen 2015. Loimu, p. 40

▲▲Good vibes at Underbroen. Christian Thams (left) 
and Caroline Rossing working on ReCreate.
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04 DESIGNING BEOCREATE CORE

THE CORE 
CONCEPT

CONSIDERING MODULARITY

With the electronics story solidifying around BeoCreate 
4-Channel Amplifier and the Raspberry Pi, the wildest 
ideas of modularity were automatically off the table, as 
the two already become a fully functional sound sys-
tem core, and would be practically useless without one 
another. 

With this in mind, it makes sense to treat BeoCreate 
4-Channel Amplifier and the Raspberry Pi as a complete 
package that rarely changes.

Thus, the question of modularity shifted towards eve-
rything else that is part of the sound system, such as the 
loudspeakers and any interactive elements, and how all of 
these items connect to the core system. This idea evolved 
into BeoCreate Core, housing BeoCreate 4-Channel Am-
plifier and any necessary supporting electronics to enable 
the interactive components to function.

SOUND FRAMES

A sound frame separates the sound system into a passive 
loudspeaker and BeoCreate Core. Besides the loudspeak-
ers, sound frames could also contain any of the aforemen-
tioned interactive components, which BeoCreate Core 
would activate when attached. A single Core could easily 
transfer from one sound frame to another, the motiva-
tion being the price of BeoCreate 4-Channel Amplifier 
and thus the Core. The user could possess multiple sound 
frames of different form factors for different use cases, 
allowing to attach the Core to the one they want to use. 

This approach was abandoned in favour of loudspeakers 
integrated with the wall.

FOR EVERYONE OR ONLY FOR THIS 
PROJECT?

Initially we defined several target customer groups: 
visual/sound artists, designers and makers. The idea was 
that BeoCreate Core should serve all of these groups, with 
vastly different needs.

Visual and sound artists would require support for a 
potentially large number of inputs and outputs and a 
comprehensive set of software and DSP tools to either 
influence the sound, or make sound influence other things 
on the system, and integrating sound with visuals, such 
as video or motion graphics. Designers building unique 
sound system products may use a subset of these capa-
bilities to implement a user interface, whereas makers 
building a Bang & Olufsen-designed loudspeaker model, 
BeoCreate Elements, from plans would likely be the easi-
est to serve with a clearly defined set of features.

In short, this approach was everything for everyone, and 
significantly increased complexity of the system. Many 
of the choices discussed in the later section about con-
nectivity echo this approach, as they try to allow as many 
things to be connected to the Core as possible.
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It is not just about increasing complexity, but the product 
would be worse for trying to be all things for everyone. 
The Core was initially envisioned as something that 
designers could build into their own loudspeaker designs 
or attach to them like a backpack, but simply looking 
at the variety of different designs in the LOUD project, 
BeoSound 50 (see page 33) is perhaps the only one that 
could accommodate it without compromising the original 
design. 

For the rest, the Core is far too bulky. Even if that was not 
the case, what is the point of building a beautiful enclo-
sure for something that is going to end up hidden inside 
the loudspeaker? The ”bare” BeoCreate 4-Channel Am-
plifier is already the thing that designers should build in.

This realisation led to eventually abandoning the idea of 
designing BeoCreate Core as a building block for design-
ers and artists, and the Core could be developed forward 
with just BeoCreate Elements in mind.

Making BeoCreate 4-Channel Amplifier attractive for 
custom loudspeaker projects stayed on as one of the most 
important design targets for the software side of the pro-
ject, which is evident from the emphasis on custom sound 
adjustment features.

BeoCreate 4-Channel 
Amplifier is already the 
thing that designers 
should build in.

VISIBLE , HIDDEN OR NO CORE AT 
ALL?

Although BeoCreate Core was no longer responsible of 
being everything for everyone, it was still not easy to inte-
grate it with just the loudspeaker concept that was being 
designed as part of the project.

A frequent question we kept asking ourselves was wheth-
er to prominently display the Core, or whether it should 
hide in the shadows of the loudspeakers. Our consensus 
on the best solution kept changing as the loudspeaker 
concept itself evolved.

Proposed solutions included attaching BeoCreate Core to 
the front of the loudspeaker where space permitted, as a 
backpack in speakers with smaller surface area, or hang-
ing it separately on the wall next to the loudspeaker units.

We even considered removing the Core from the concept 
entirely, but finally found a solution we were happy with. 
It simply attaches to the wall, next to the loudspeaker, 
slightly sunken into a CNC-milled pocket like the 
loudspeaker itself. The inclusion of BeoSound Essence 
Remote82 as the physical control interface created an 
understandable and cohesive composition, a combination 
of a loudspeaker, an amplifier, and the user interface on a 
canvas.

82 Bang & Olufsen, https://www.bang-olufsen.com/en/collection/apps-and-
accessories/essence-remote

57



GENERAL SHAPE

Although BeoCreate 4-Channel Amplifier is rectangular, 
BeoCreate Core was defined as a square from the start. 
Square is one of the basic geometric shapes and as such 
makes the form of the Core instantly recognisable and 
understandable.

Other forms, such as a circle, similar to BeoSound Core in 
Bang & Olufsen product line83, were briefly explored, but 
fitting the rectangular electronics inside non-rectangu-
lar shapes increased the device’s dimensions considera-
bly and unnecessarily, also creating more waste material 
in the fabrication process.

Although not customary for a Bang & Olufsen product, 
the Core received 5 mm fillets to its corners. This is to 
allow it to fit into its CNC-milled pocket on the wall, as 
machining perfectly sharp inner corners to such a pocket 
is impossible.

CONSTRUCTION

There were three major versions of BeoCreate Core. 
They can be classified by the method they used to provide 
connectivity to loudspeakers and other equipment, and 
differed in the way they were constructed:

▪▪ With a dock connector
▪▪ With a connector compartment
▪▪ With direct access to screw terminals on the board.

The extra margin left around BeoCreate 4-Channel 
Amplifier in a square enclosure turned out to be useful. At 
first it was thought necessary for accommodating extra 
electronics such as a microcontroller (for interfacing 
with buttons and sensors), but it was used for connectors 
and cable management in the second and third variants.

As the design and prototyping for BeoCreate Core mostly 
took place in a maker space and the whole project re-
volved around open making, the ability to manufacture 
the Core in such an environment was one of the drivers in 
the design process.

Underbroen was equipped with a 3-axis CNC mill, a laser 
cutter and FDM 3D printers, which appears to be a fairly 
standard complement of computer-aided manufacturing 
machines in maker spaces and fablabs, and it made sense 
to work within the constraints of these tools.

04 DESIGNING BEOCREATE CORE

FORM & 
CONSTRUCTION

▲▲The very first mockup of BeoCreate Core.

83 Bang & Olufsen, https://www.bang-olufsen.com/en/collection/sound-
systems/beosound-core
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THE SANDWICH

Using a sandwich-like construction for BeoCreate Core 
seemed logical: the electronics needed to be fastened to 
something, and subsequently covered with something, 
and creating sandwich structures was easy from sheet 
materials with the tools at hand.

The main parts of the enclosure are the top case and the 
bottom case. The next sections follow the design and 
fabrication of these parts. The connectivity to loudspeak-
ers and accessories can be considered to be the third 
main part, and as its design was a process on its own, it is 
detailed separately.

The total dimensions of BeoCreate Core are 150 × 150 × 
30 mm. There is no science behind these numbers – they 
are comfortable, round figures that leave enough margin 
and presumed-sufficient material thickness around Beo-
Create 4-Channel Amplifier.
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ALUMINIUM

Aluminium is virtually synonymous with Bang & Oluf-
sen, as explained in the background research. For this 
reason, I wanted to include the material in the project in 
some way from the very beginning, and the top case of 
BeoCreate Core was the natural choice of part to use it in.

Although the main motivation behind the use of alumin-
ium were its aesthetic qualities, the material is also rigid 
and precise in a sufficient thickness and shape, and has 
good heat transfer capabilities.

04 DESIGNING BEOCREATE CORE

TOP CASE
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DESIGN & FABRICATION

The precision and rigidity of aluminium made it ideal to 
serve as the structural backbone of BeoCreate Core, and 
the whole enclosure was effectively designed upside down 
on top of the aluminium plate, intended to be machined 
out of an 8 mm thick sheet with 4 and 6 mm flat end mills 
that were available at the time.

BeoCreate 4-Channel Amplifier had to be mounted in 
direct contact with the aluminium for effective heat 
transfer. On the other hand, as some electrical contacts 
protrude from its underside, enough clearance was 
needed between the board and the aluminium. 

The first machining operation removes 3 mm of mate-
rial to achieve this clearance, leaving in place the heat 
transfer pads, screw bosses and guides for other parts, 
such as the bottom case. The current variant at the time 
was the one with a connector compartment, so alignment 
features were left in for both the 3D-printed inner con-
nector panel and the hatch that would cover it.

A small gap was left between the very outer edge of the 
top and bottom cases. Using gaps intentionally in a 
design can be visually interesting, but it also relaxes the 
”aesthetic tolerance requirements” for the prototype – 
without a gap, the two halves would need to fit each other 
perfectly. The gap creates a controlled visual disconnect 
between the parts and thus leaves more room to sand 

off imperfections. It was achieved by milling a 1,5 mm 
step to the edge of the part, leaving the visible edge of the 
aluminium at 3,5 mm thickness. The gap is a visual cue 
shared with the loudspeakers.

To mask the connectors on BeoCreate 4-Channel Ampli-
fier that would be left visible, a 4 mm groove was milled to 
the back edge of the top case for a laser-cut acrylic mask. 
A similar groove is milled to the bottom case, aligning 
and retaining the mask in place when BeoCreate Core is 
assembled.

Finally, the part was separated from the sheet by con-
tour-milling around it, simultaneously leaving the 5 mm 
outer fillets.

▲▲Different milling stages of 
the top case, from the raw 8 
mm stock on the left to the 
finished part on the right.
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A sheet of 8 mm 5000-series aluminium was sourced 
from Bang & Olufsen for fabricating prototypes. After 
verifying the locations of critical mounting features by 
first creating an identical plywood piece, the aluminium 
was milled at Underbroen. New to machining alumini-
um, I proceeded slowly, applying lubricant just in case. 
The sheet was held in place solely by the vacuum table 
through a sheet of MDF, which worked well. The entire 
process took about two hours. M3 threads were later cre-
ated by hand to the screw bosses.
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TEXTURING

Several different types of surface finish were considered 
for the aluminium, such as polished and pearl-blasted 
look. In the end I decided to apply a unidirectional 
brushed finish that does not stand out too much, keeping 
the quiet and minimal look of BeoCreate Core whilst add-
ing detail when examined closely.

The top surface was first wet-sanded with sand paper 
by hand to remove deeper imperfections, with a soft, 
abrasive cloth used for the final texture. The sides were 
sanded parallel to the edge, and the underside received no 
treatment, apart from smoothing out any sharp edges, to 
preserve the texture left by the milling process.

ANODISATION

Raw aluminium is very sensitive to damage, picking up 
micro-abrasions from almost anything that touches it. 
It also attracts fingerprints that are difficult to remove. 
Anodising is used to achieve a durable finish, resistant to 
scratches and fingerprints.

Bang & Olufsen’s anodising plant in Factory 5 at Struer is 
capable of finishing an aluminium part in up to 250 dif-
ferent shades.84 I had planned on setting up an anodising 
bath myself, but thanks to Flemming Jensen, technology 
specialist of anodic coating at Bang & Olufsen, I had the 
opportunity to get the part professionally anodised in the 
same process as any production units. The M3 threads 
happened to exactly match the screws that are used to 
attach loudspeaker grilles to the titanium structures for 
anodising, making setup for the process very simple.

▲▲Attaching the top case to a titanium 
structure that is used to hold aluminium 
parts as they are lowered into the 
anodising baths.

Anodising is used to 
achieve a durable finish, 
resistant to scratches and 
fingerprints.

84 Wiper 2015. The Art of Impossible, p. 138. The selected dye is sprayed 
onto the part during the anodisation process.
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COLOUR

Selecting a colour was difficult. The initial plan was to 
not apply any pigment and simply seal off the surface, but 
the amount of options led me to reconsider – an oppor-
tunity to get a part anodised in a colour of choice doesn’t 
present itself every day.

After thorough consideration of different options, my 
choice was a shade of grey found in the table stand of 
BeoSound Essence Remote. Although the anodisation 
was carried out using the program that coats the Essence 
stands, I was unable to determine the exact alloy of the 
aluminium that was used and according to Jensen, the 
alloy greatly influences how the part behaves in the pro-
cess. As a result, the part turned out slightly darker than 
expected.85

The bottom case in the then-current prototype was 
finished in matte black, and the darker colour of the top 
case reduces the contrast between them, giving the whole 
device a dark, harmonious look. A different material in 
the bottom case could justify anodising the top case in a 
different colour, though. Birch plywood, the initial choice, 
works well with natural aluminium, whereas darker solid 
woods could combine beautifully with different hues. 
Some combinations inspired by previous Bang & Olufsen 
collections are briefly explored in the renderings.

It is important to coordinate the colour scheme with 
the loudspeaker component and the canvas the system 
is installed on. Therefore the colours of the pictured 
prototype shouldn’t be necessarily considered to be the 
canonical colour scheme of the concept, as it was decided 
in isolation.

To sharpen the appearance of the gap between the top 
and bottom cases, the surfaces revealed by milling the 
1,5 mm step should be anodised black, but this requires 
the part to be first anodised in the primary colour and 
only afterwards milling out the step, as anodising is only 
possible on surfaces that have not already been anodised. 
The technique is used in the grilles of BeoVision Avant 
and BeoSound 2, but hardly practical in this project, as it 
adds more steps to the manufacturing process. Accord-
ing to Jette Nygaard, PR consultant at Bang & Olufsen 
who gave us a tour of the Struer facilities, this is one of 
the reasons why aluminium production and anodisation 
remain in-house, as some parts can move back and forth 
in the production pipeline multiple times.86

OTHER MATERIALS

Alternatives to using aluminium were considered. This 
required revisiting the top case’s role in cooling the elec-
tronics, switching from conduction to convection cooling 
– adding holes for airflow. A possibility is to use the gap to 
add ventilation channels that are nearly invisible, which 
should ease cooling particularly in when placed on a wall. 
An alternative is to add holes to the top case similar to 
the loudspeaker grilles, though this may cause the Core 
to misrepresent itself as a sound-producing object and 
disturb the sophisticated, solid appearance of the device.

▲◀BeoCreate 4-Channel 
Amplifier mounted to the 
underside of the top case 
with screws.

85 Jensen 2018
86 Nygaard 2017
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Anodised and laser-engraved top case. Read 
about application of the logo on page 72.
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EARLY PROTOTYPES  of BeoCreate Core consisted of 
CNC-cut frame and a laser-cut bottom plate which had 
holes for a pegboard system and the dock connector (pic-
tured left). They were never fully completed with mount-
ing features for BeoCreate 4-Channel Amplifier or a top 
case, rather acting as a dumb ”container” for the electron-
ics when testing different placement options.

Later versions fused the bottom plate and the frame 
together, and as such the two main parts of the enclosure 
were now the top and the bottom case, with the following 
sections more closely on the design of these parts.

DESIGN & FABRICATION

CNC milling was again the means of manufacturing used, 
with 10 and 4 mm flat end mills. All of the parts were 
designed without curvature that would require a ball end 
mill to be used. As the top case represented 5 mm of the 
thickness of the device, that left 25 mm of it to be covered 
by the bottom case.

The electronics require roughly 20 mm of height, so this 
amount of material is removed to leave a 5 mm thick 
bottom. In addition, 3 mm deep pockets are created to 
accommodate the standups of the Raspberry Pi and for 
fitting the acrylic connector mask.

To leave enough material for the alignment guides of the 
top case, as well as to maintain the structural integrity of 
wood, the 10 mm thick side walls are left. The corners are 
left more bulky to fit the pockets for corner posts of the 
top case.

The configuration of side walls is where the different ver-
sions of BeoCreate Core differ, as seen in the renderings.

Pockets for screw heads are machined to the underside, 
but for a Core that’s built exclusively for wall-mounting, 
this step is not necessary.

Finally, the complete part is separated from the block by 
contour-milling.

▲▲Different iterations 
of the bottom case.
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WOOD

The material used almost throughout the prototyping 
process was birch plywood, being affordable and eas-
ily available at Underbroen. The intention was from the 
beginning to find a more premium material, such as solid 
oak, to replace it.

However, over the course of working with the prototypes 
and the material, I had grown to appreciate its aesthetic 
qualities. Although plywood is frequently associated with 
what I’d like to call the maker space aesthetic, there was 
something intriguing about embracing a material native 
to the maker space, elevating it to be something more 
premium with proper surface treatment and combining it 
with beautifully finished aluminium. Browsing through 
solid wood samples at Bang & Olufsen material library 

made me more confident in this choice, and it seemed to 
match well with natural aluminium, with the layering 
highlighting the sandwich structure.

However, the later prototypes for both the Core and the 
loudspeaker grilles (fabricated by Heikkilä) made from 
plywood warped severely, and another prototype was cre-
ated from another material. 

Although the setback suspended any immediate plans 
to use wood as the bottom case material, using different 
types of solid wood could still be an interesting option 
to consider in combination with different colours of the 
aluminium top case.
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HI-MACS

Produced by LG Hausys87 and commonly used to manu-
facture kitchen or bathroom sinks, Hi-MACS is ther-
moplastic but also machines beautifully, and produces a 
crisp, satisfying clack when two pieces of the material are 
struck together. It is relatively heavy, which increases its 
appeal as a material for housing lightweight electronics, 
because the increased weight tends to contribute to the 
high-quality impression of a product.

The weight of the material is present in the Hi-MACS 
prototype of BeoCreate Core, as the material thicknesses 
of the model were not altered from the wood versions. As 
the original block consisted of multiple sheets and the 
glue was slightly visible, case parts were painted matte 
black. Hi-MACS is also available in black and as such 
could be used without painting, although sandblasting 
and clearcoating may be required to achieve a durable 
satin finish.

A more accessible alternative to Hi-MACS for creating a 
matte black BeoCreate Core could be black MDF, which 
created a surprisingly pleasing aesthetic in loudspeaker 
prototypes where the material was used.87 LG Hausys, http://himacs.eu/en/products#features
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ASSEMBLY & PLACEMENT

Although BeoCreate 4-Channel Amplifier attaches to 
the top case with M3 screws, I decided to not use screws 
for mating the two halves of the device, instead using 
neodymium magnets in both the top and the bottom case, 
making them snap together.

As the concept became a wall-mounted sound system, the 
way to fasten the Core to the wall had to be considered 
too. As the system was intended to be slightly sunken into 
the wall, the common way of having a ”hook” for the head 
of a wall-mounted screw to slot into for wall placement 
was not possible.

Had the dock connector been the chosen as the connec-
tivity approach for the Core, the connector itself would 
have been sufficient to hold the device on the wall, but as 
it was abandoned, another method needed to be devised.

The first prototype made using the magnetic snaps did 
not have holes all the way through the bottom case, and 
thus resulted in a very clean, completely screwless look. 
The next prototype, however, extended these pockets as 
holes, enabling two mounting options:

▪▪ FOR USE ON A WALL ,  the bottom case can be at-
tached directly to the wall with screws through the 
holes. The magnets in the top case will then be at-
tracted by the screw heads now residing in the pockets. 
It means BeoCreate Core is essentially assembled as it 
is installed on the wall.

▪▪ FOR TABLE PLACEMENT,  bolts are inserted into the 
holes through the bottom of the case, with the mag-
nets gripping their ends, holding them in place and 
effectively pulling the top and bottom cases together. 
The bolts have rubber pads on their heads to keep the 
device from sliding around and protect surfaces from 
scratches.

Different assembly options for the same BeoCreate 
Core, on a wall or on a table. Wall placement is 
possible in three orientations (see next page).
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LOGO

Bang & Olufsen ”main brand” or home products feature 
the fully spelled-out ”BANG & OLUFSEN” logotype, 
whilst the iconic, stylised ”B&O” glyph88 is currently 
reserved for the BeoPlay line of products.89

The logo typically appears laser-engraved on an anodised 
aluminium part, aligned with the centerline in a sym-
metrical product such as a loudspeaker. The engraving is 
usually subtle, and clearly visible only from some angles 
For BeoCreate Core, the top aluminium surface was a 
natural canvas for the logo.

Although the Core is symmetrical in shape and thus a 
symmetrically-placed logo would be a good fit for it, the 
multiple placement options for the product itself need to 
be factored into the decision.

The logo was placed sideways in the lower right corner 
of the device, when the connectors are facing up. This 
placement allows for three different orientations of the 
Core where the logo looks ”right”: connectors facing up, 
connectors facing down and connectors facing to the 
right, and works both on the wall and on the table. On the 

other hand, it makes the logo less dominant, almost like 
a signature on the product. Placed in the centre of the de-
vice, the logo would more strictly demand to be in upright 
orientation.

Bang & Olufsen are clearly not adverse towards display-
ing the logo sideways, as BeoLab 1790 has it this way when 
it is placed in ”portrait” orientation.

The top case for one of the prototypes was engraved in 
Factory 5 at Struer after anodising it, in the same way as 
it is done for the other products. As such, it is crisp, even 
and precise, exhibiting no banding or jagged edges. It puts 
the finishing touch to the aluminium part.

▲▲The two logos used in Bang & Olufsen products.
Image  33: Bang & Olufsen

▲▶Different possible placement options of 
BeoCreate Core with the logo in the corner.

88 Bang 2004. Bang & Olufsen, p. 104. The original B&O glyph was designed 
in 1932 by Henning Dahl Mikkelsen.
89 Thams 2016
90 Bang & Olufsen, https://www.bang-olufsen.com/en/collection/speakers/
beolab-17
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The top case being laser-engraved. The 
beam first draws the outlines of the letters 
and then fills them one by one. 



INDICATOR LIGHT

There was no display on BeoCreate Core as we imagined 
it to be an optional, external affair, but it was still decided 
to add some type of visual indication of the status of the 
system. It is not strictly required, but can be beneficial in 
situations such as troubleshooting the system in case of 
an issue.

A single RGB LED was connected to the expansion 
header on BeoCreate 4-Channel Amplifier for the pur-
pose. The system subtly animates changes in colour when 
it changes state, giving the light a slightly organic feel.

Two arrangements for the LED were devised for testing.

In the first, the LED is placed in a groove inside the front 
wall of the bottom case. It is visible in the gap between the 
top and bottom cases – an arrangement reminiscent of 
the indicator light in BeoLab 5.

In this arrangement the indicator is not visible at all 
when the Core is viewed perpendicular to the top case, 
but due to this it is very unobtrusive and can only be 
viewed when needed, to make sure the system is on, for 
example.

The second arrangement places the indicator as a small 
dot to the aluminium surface, in the corner before the 
Bang & Olufsen logo, similar to BeoLab 4000.91 Overall 
this creates a more precise and sophisticated appearance. 
The indicator fades out a number of seconds after the 
system changes state to preserve its unobtrusiveness in 
use, similar to the light ring in BeoLab 18.92

The latest version of the bottom case has the capability to 
install the LED in either of the described ways, depending 
on which variant of the top case is used.

Alternative indicator lights. Green indicates 
music playing, red system standby. The user 
does not manage the state of the system – 
it is always available to play.

91 Bang 2004, Bang & Olufsen, p. 461. BeoLab 4000 is the predecessor to 
BeoLab 17.
92 Bang & Olufsen, https://www.bang-olufsen.com/en/collection/speakers/
beolab-18
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04 DESIGNING BEOCREATE CORE

CONNECTIVITY

ESSENTIAL CONNECTIONS

The essential connections in a sound system built around 
BeoCreate 4-Channel Amplifier are to the loudspeak-
ers and the power supply, available via screw terminals. 
The system is fully functional with only these, as music 
streaming and control is wireless. 

At the other end of the board is an alternative, jack-type 
power connector and optical audio connectors. The at-
tached Raspberry Pi adds a complement of USB ports and 
an Ethernet port. 

Whilst the latter connectors were intended to be left 
accessible as is, I considered it important to abstract the 
screw connectors into something that would be more 
attractive, easier and quicker to use, as BeoCreate Core 
was envisioned as something that could be easily discon-
nected from the sound frames and connected to another, 
different type of frame.

Cable management was an important aspect from the 
beginning, as it too often appears to be an afterthought 
at best in many consumer electronics products. It is not 
uncommon to omit cables entirely from promotional pic-
tures, and in this regard Bang & Olufsen are not innocent.

ESSENTIAL

ADDITIONAL
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THE DOCK CONNECTOR

The first idea for a solution to the connector issue was to 
create a dock connector that could carry all required sig-
nals to and from BeoCreate Core over a single connection. 
Instead of being a proprietary connector, it would need to 
use standard, off-the-shelf parts, because one of the goals 
in the project is to make it easy for makers to build the 
product without special parts.

The apparent solution that came from nearby. The 40-pin 
header on Raspberry Pi is readily available from outlets 
that sell electronic components and matches the hole 
pitch (2,54 mm) of common prototyping circuit boards.

The pinout concept for the dock connector was designed 
to be as diverse and flexible as possible, to accommodate 
as many use cases as possible – visual and sound artists, 
designers and makers. Some of the pins could be served 
with an embedded microcontroller, such as a Teensy.

The robustness of the 40-pin connector also allowed it to 
be used not just for carrying signals, but to hold the Core 
to the sound frame.

EXPERIENCES WITH THE DOCK 
CONNECTOR

A prototype with the dock connector was built, with the 
female connector at the backside of the Core, and its 
counterpart integrated into the sound frame.

Although the prototype dock connector was only partial-
ly wired for testing, its problems were already apparent.

The dock connector added considerable thickness to the 
overall hardware package that needed to fit inside the 
Core enclosure, as the pins of the male connector are rela-
tively long, and the female connector is sized to accom-
modate them. Practical issues when using the prototype 
included difficulty aligning the male and female parts 
properly due to the location and symmetry of the connec-
tor.

As the concept evolved away from interchangeable, 
standalone sound frames towards custom installations 
integrated with furniture and architecture, the dock con-
nector with all its issues did not serve the concept par-
ticularly well. Having to construct separate components 
just to attach the Core to a structure, or as we expressed it 
in our brainstorming sessions, to put stuff on the wall just 
to put stuff on the wall, seemed unnecessary. I was still 
intrigued by the idea of a universal ”one-stop shop” con-
nector, but not in this form, so cables were brought back 
into the concept.

BEOCREAT E  DOCK CONNECTOR

24V

GND

S1+

S1–

S2+

S2–

S3+

S3–

S4+

S4–

5V

GND

D1

D2

D3

D4

0

1

16

17

20

21

AO1

AO2

M+AI2

M–

AOG

AOGAIGAI1

AO3

AO4

POWER SUPP LY
Use to connect the power adapter 
that supplies main power to the 
system (for amplifiers and 
electronics).

Alternatively, use the barrel jack on 
the side of the device.

LOUDSP EAK ER OUTP UTS
The system has a class-D quad-channel 
amplifier built in, driven by a DSP and a 
DAC. Channels 1–2 provide up to 60 W (8 
Ω), channels 3–4 provide up to 30 W (8 
Ω).

WHAT IS  THE  DOCK CONNECTOR?
The Dock Connector combines the most commonly needed 
inputs and outputs into one, common 40-pin connector. It 
provides an elegant way to quickly attach the BeoCreate Core to 
a loudspeaker or sound system “frame”. Other connectors (such 
as Toslink and USB) in the BeoCreate Core can be used to 
augment the functionality of the Dock Connector as needed.

LOUDSP EAKER DETEC T
Optional, but greatly enhances user 
experience. Connect a resistor between 
these pins and ground. The resistor 
value will tell the system, what kind of 
loudspeaker drivers are connected to 
the outputs, if any, and it can 
automatically configure itself with the 
correct crossover filters.

A N A LOGUE IN
Standard unbalanced 
line-level two-channel 
audio input.

A N A LOGUE OUT
Quad-channel audio output. 
Same as the loudspeaker 
outputs, but line-level. 
Useful when using the 
system only as a DSP.

AUXIL IARY
Can be used to power 
small subsystems in the 
product. 500 mA max.

MIC ROPHON E
Connect a mono 
microphone here. It could be 
used for room measurement, 
for example.

FREE  USE
Free Use pins can be used in any way 
that’s needed in the specific product 
form factor or use case. All of them 
can be configured for digital input or 
output (3,3 V). In addition, some pins 
have special features.

Pins 0–1 can be used for a serial port 
(Rx and Tx, respectively). Useful if 
simple communication with other 
product components is required.
Pins 0–17 can be configured as touch 
sensors for user interaction. 
Pins 16–21 can be used for analogue 
input.

▲▲Mapping out pin 
assignments for the dock 
connector.

93 Partco, https://www.partco.fi/en/connectors/pin-header-connectors/pin-
headers-r254/16381-pr-2x20-n.html, for example
94 Partco, https://www.partco.fi/en/prototyping/stripboards/11618-kl-ll-1.
html, for example
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BACK TO CABLES

The rectangular shape of BeoCreate 4-Channel Ampli-
fier inside a square enclosure made it possible to shift the 
board to either side of the enclosure and leave some space 
for custom connectors next to the existing ones. The idea 
was to have all cables come out from one side of the de-
vice, and that the cables would be completely visible. Care 
was needed on how the cables and connectors looked.

The remaining area in the back panel of BeoCreate Core 
turned out to be too small for an adequate connector 
complement, forcing me to rethink the placement of the 
connectors.

Beosystem 500095 was one of the early inspirations for the 
project. Its components place the required connectors in-
side the devices, with a hinged hatch at the top for access. 
The cables flow out of the narrow slots in the back panel, 
maintaining a clean look all around. I was impressed by 
this and wanted to adapt the idea to BeoCreate Core.

THE CONNECTOR COMPARTMENT

The empty space inside BeoCreate Core enabled creating 
a similar compartment for the connectors as Beosystem 
5000, to the side of the device.

The search for a new connector came back full circle, as 
I again selected the generic 2,54 mm pin header for the 
purpose. I wanted to include the same, full set of 40 pins 
as in the dock connector approach to enable the same ca-
pabilities. Only this time these were split into two 20-pin 
connectors for space efficiency.

To allow access to the connector compartment, one 
side of the Core was made removable, and a 3D-printed 
wall with openings for the connectors was created. This 
was held in place by features in the top case. Another 
3D-printed part attached to the side wall served as an 
alignment guide. Magnets embedded in the prints held 
the removable side wall in place after the connections 
had been made. The side wall creates a cavity that opens 
to the back of the Core, allowing cables to flow out.

In the prototype the female sockets were built into the 
Core, whereas the male connector would be on the cable. 
Whilst the female connectors are fixed length, the male 
connectors are can be cut down to the desired amount of 
pins. This enabled either full or partial use of the 20-pin 
connector, depending on what is required. The two 20-
pin sockets in the Core were aligned with each other so 
that their distance would match the 2,54 mm pitch – this 
effectively enabled constructing a single 40-pin male 
connector by mounting the pins on a prototype circuit 
board.

▲▲A prototype with a dock connector. The 
connector is on the underside with the wires 
reaching around the amplifier.

▲▶The same prototype on a pegboard wall that 
was used to test different types of attachments 
for the loudspeakers.

95 Wiper 2015. The Art of Impossible, p. 177. A picture also on page 47 of 
this thesis.
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EXPERIENCES WITH CONNECTOR 
COMPARTMENT

Placing the connectors in a compartment at the side of 
BeoCreate Core was more useful and versatile than the 
original dock connector, but ultimately it was the same 
idea, only implemented differently: a universal connec-
tor for everything. It also exhibited some of the same 
downsides, such as the difficulty of properly aligning the 
connectors, especially in the case where the number of 
pins on the male connector didn’t match the number of 
pins in the socket.

BALANCING EFFORT & VALUE

Although both the connector compartment and the ear-
lier dock connector could be built in a maker space-like 
environment from universal parts, the truth is, neither of 
them was in line with the spirit of the project.

When designing a product to be manufactured by indi-
viduals themselves, the amount of work required to build 
it needs to be balanced with the functional and aesthetic 
requirements. It can be argued that the proposed connec-
tor variations create additional functional and aesthetic 
value, but the value is not great enough to offset the 
amount of time and effort needed to achieve it.

One of the subjects we interviewed at Underbroen during 
the project stated that the amount of time they would 
likely want to spend building a loudspeaker is between 5 

and 8 hours. Having to spend time soldering the con-
nectors is time that could be better spent working on 
other things, or better yet, enjoying the completed sound 
system.

There was simply too much custom ”infrastructure” that 
had to be built around BeoCreate 4-Channel Amplifier to 
make the proposed connector schemes functional, and 
the person building the system would still need to use the 
screw terminals on BeoCreate 4-Channel Amplifier to 
wire the connectors to the board or solder them on, in the 
hypothetical scenario where the board would be available 
for purchase without preinstalled screw terminals.

BeoCreate Core needed to be distilled back down to the 
essentials to make it worthwhile.

A solution like the connector compartment could be feasi-
ble in a hypothetical, commercially produced BeoCreate 
Core or a kit thereof. A purpose-built version of Beo-
Create 4-Channel Amplifier could integrate necessary 
connections on the main board at right locations. Precise, 
injection-moulded plastics would replace any 3D prints 
and CNC-cut parts where appropriate. It could be a logi-
cal way forward from the prototype, but it is altogether a 
different product and a different direction from what was 
needed in our project.
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SIMPLIFYING THE CORE

BeoCreate Core with connector compartment had 6 
parts in its enclosure. The main objective in simplifying 
the Core was to reduce this number as much as possible, 
effectively reducing the amount of steps to build the prod-
uct. This meant eliminating the detachable side panel 
that covered the connectors and integrating the panel to 
again be a permanent wall in the bottom case.

What worked well about the connector compartment was 
cable management, and I wanted to preserve as much of 
it as possible in the new iteration. The general layout did 
not significantly change for this reason. What used to be 
the connector compartment became a channel that was 
open to the back of the device.

The idea was that in tabletop use, the loudspeaker cables 
are routed through the back of the Core just as before for a 
clean setup, but without any special connectors, just bare 
wire. The screw terminals are now accessible through 
openings at the bottom of the enclosure. When the Core 
is installed to a wall, these openings can be used to route 
cables directly into the wall.

The new design reduces the amount of enclosure parts to 
three: the top case, bottom case and the acrylic mask for 
the connectors at the back, and is significantly less work 
to construct than the other options, with fewer opportu-
nities for error.

BeoCreate Core needed to 
be distilled back down to 
the essentials to make it 
worthwhile.

Comparison of BeoCreate Core 
enclosure parts. Upper row is the version 
with a connector compartment, lower 
row the simplified version.
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CONCLUSION

A large reason for why I was pushing towards the more 
complicated connector solutions in the first place was 
the potential for user interaction – BeoCreate Core could 
be connected to sensors and buttons integrated directly 
to the loudspeaker. That was something we thought was 
important to have, but as BeoSound Essence Remote was 
later chosen as the primary physical user interface for the 
concept, the need for these extra pathways available for 
buttons and sensors was reduced, as the remote commu-
nicates with a sound system over Bluetooth.

The use of the Essence Remote also creates synergy 
between BeoCreate and the main Bang & Olufsen brand 
products, subtly bridging the two very different worlds. 
The choice to use an existing remote also helped to nar-
row down the focus in the project.

Whilst the simplified BeoCreate Core may seem like the 
obvious answer in retrospect, having the explorative pro-
cess behind it is valuable – some of the ideas found in the 
final version may not exist had they not been ”invented” 
for a previous iteration (such as the channel for routing 
cables). We can more easily justify the choices we have 
made because we tried other approaches along the way – 
this concerns not just the Core, but BeoCreate Elements 
as a whole.
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AS EXPLAINED  in background research, software is a 
major part in a functional connected sound system, so 
attention needed to be paid on it. This chapter discusses 
my attemps to improve Wi-Fi setup, setup of sources and 
sound adjustments through both developing the back end 
and designing the user interface for them.

Project ReCreate was underway concurrently with 
BeoCreate Elements. A lot of the software work presented 
here was first implemented in ReCreate, beta-tested with 
end users, and brought back into our project for further 
development and use. As the two projects share so much, 
aspects of both are presented in the chapter.

What was created:

▪▪ A MOBILE WEB APPLICATION  for adjusting set-
tings and sound adjustments on the sound system.

▪▪ A COLLECTION OF SERVER SOFTWARE  that 
communicates with the application and performs the 
desired operations on the Raspberry Pi.

A complete, graphical overview of the system is included 
as appendix.

▲▼The first version of the 
companion application for BeoLab S 
was a simple volume control.

PREVIOUS WORK

BeoLab S, which was the concept loudspeaker I designed 
and built as part of LOUD, was also based on the Rasp-
berry Pi. For the minimum functionality, I started with a 
fresh installation of Raspbian and shairport-sync, so that 
the loudspeakers would work with AirPlay over Wi-Fi.

Having had some spare time in my hands, however, I 
decided to try creating a small mobile application for con-
trolling the loudspeakers. The origins for this were sim-
ple: I wanted a way to control volume of the loudspeakers 
remotely when my computer was being used as the source 
and I was not in front of it.

Getting the application operational with simple volume 
control functionality only took a few days. Later I added 
playback controls for iTunes, album artwork, support for 
multiple sources, Wi-Fi network setup and support for a 
Bang & Olufsen’s Beo4 remote control.

Not a lot of the actual code written for BeoLab S is direct-
ly reused in this work, but it served as a valuable learning 
experience for myself: during the 9 months, I lived with 
the loudspeakers and the application as I was developing 
it, learning what was good and worked, and what needed 
to be revised in the future.

All work towards user-customisable audio processing 
is new, as BeoLab S did not have a freely programmable 
DSP.
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PROCESS & TOOLS

The objective was to create a functional mobile applica-
tion to make the different features of the sound system 
accessible. To support the application, software needed to 
also be developed for the sound system itself. 

For BeoLab S, instead of trying to learn how to develop a 
fully native iOS application, I started with the web plat-
form as I had some background in website development. 
It worked well for the purposes of that project and the end 
result is in many ways indistinguishable from a native 
iOS application. I decided to use the same approach in 
BeoCreate Elements, as the requirements were similar.

The process of designing and developing an application 
for iOS often has three steps: mockup, prototype, develop. 
Mockups and prototypes are visual models of the applica-
tion that usually have some interactivity for user testing, 
but are not functional per se. Several tools exist for the 
purpose, such as Sketch or Figma. Development (code) 
takes place in Xcode, for example, where the prototyped 
interfaces are recreated as functional software.

Instead of using prototyping tools for mockups, I de-
signed directly in a text editor with HTML and CSS, 

previewing in real time. With sufficient fluency in these 
languages and graphical tools, the process of creating a 
static mockup or a design prototype can be very quick. 
The static mockup can be directly upgraded to be func-
tional by adding JavaScript logic. With design and code 
going hand in hand, the application exists in all of the 
three steps at once.

Although this approach allows rapid prototyping of 
functional software and interfaces, it should only be con-
sidered that: a rapid prototyping method. Native applica-
tions offer several benefits over web applications, such as 
improved performance and better integration with the 
system.

The text editor used was Espresso from MacRabbit.96 It 
features code completion, graphical tools for editing CSS 
and real-time previews. For creating graphical assets 
such as icons, Adobe Illustrator was used.

▲▲Screenshots from Espresso, showing CSS for the 
user interface being edited. The preview behind the 
main window is connected to the sound system, 
allowing continuous, live testing.

96 MacRabbit, https://www.espressoapp.com/
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FIELD TEST 
WITH RECREATE

BEOCREATE  4-Channel Amplifier was beta tested 
with users in November 2017, along with ReCreate. This 
included the guides and software required to upcycle and 
set up a Beovox CX50 or CX100.

The original plan was to equip the Bang & Olufsen ap-
plication97 with the capability of detecting and setting up 
the upcycled loudspeakers. The Bang & Olufsen applica-
tion is available on iOS and Android platforms and is used 
to set up and control the company’s commercially avail-
able loudspeakers and sound systems.

This was not possible due to scheduling constraints, and 
it was decided that an alternative solution for ReCre-
ate should be found. A clear set of required features was 
defined:

▲▲The Bang & Olufsen application is used to 
set up and control products. At the time of 
writing it did not support ReCreate.

97 Bang & Olufsen, https://www.bang-olufsen.com/en/collection/apps-and-
accessories/bang-olufsen-app
98 Bang & Olufsen, https://github.com/bang-olufsen/create

▪▪ Connect the loudspeaker to a Wi-Fi network.
▪▪ Apply a Bang & Olufsen-designed DSP program for the 

specific loudspeaker model.
▪▪ Allow the user to rename the loudspeaker.
▪▪ It should have a look and feel similar to the Bang & 

Olufsen application.

As I had already implemented a working version of Wi-Fi 
setup for BeoLab S and believed that it should be rela-
tively easy to adapt the code, I was assigned to design and 
build the software setup experience for ReCreate. There 
was about four weeks to complete it before beta testing, 
which was not a lot of time.

I set BeoCreate Elements aside for some time to focus on 
ReCreate, ultimately knowing that whatever was built for 
ReCreate, our project could later use for free.

Source code for ReCreate is available on GitHub with 
MIT licence.98
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SETUP FLOW

To set up an upcycled loudspeaker, the user first down-
loads a disk image that can be copied onto an SD card. 
The disk image contains the operating system with all 
necessary software specific to ReCreate pre-installed.

After the user has completed the physical upgrade pro-
cess of the loudspeaker and flashed the SD card for the 
Raspberry Pi with the correct software, the rest of the 
process happens in the setup tool, which is a special page 
on Bang & Olufsen website.99

The advantage of this is that instead of making the user 
type in an obscure IP address of the loudspeaker, the 
interface can be on screen all the time, instructing the 
user from the beginning to the end, instead of being only 
accessible when the user’s device can actually establish a 
connection with the loudspeaker. The setup tool will dis-
cover the loudspeaker on the local network by constantly 
calling its name, without having to know its IP address at 
all, which can dynamically change.

The setup flow of a ReCreate loudspeaker is illustrated 
above. Although not implemented during the thesis time-
line, a similar onboarding experience should take place in 
the case of BeoCreate Elements.

The user connects to the Wi-
Fi network created by the 
loudspeaker. On supported devices, 
the setup flow will automatically 
begin.

The setup tool has detected the 
loudspeaker and connected to it.

Available Wi-Fi networks are listed, 
and the user can select the one to 
connect the loudspeaker to.

99 Bang & Olufsen, http://www.bang-olufsen.com/recreate/setup/
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EXPERIENCES WITH RECREATE

The beta test period and the consequent public release 
provided valuable insight on how the essential software 
features worked with BeoCreate 4-Channel Amplifier 
and what needed to be improved. Even after the beta test I 
have been providing technical support and assistance for 
ReCreate customers.

The setup tool was generally well-received and users had 
no trouble operating it from the user interface point of 
view. All real issues that were reported concern the reli-
ability of the software.

The largest issue with the ReCreate setup experience was 
the specific requirements for the device used for setting 
up the loudspeaker, and discovering the loudspeaker in 
particular. It was found to work reliably on Apple prod-
ucts, spottily on Windows and not at all on Android. This 
is due to the limitations of the web platform.

Migrating the setup experience into the Bang & Olufsen 
application, as originally planned, is a viable solution to 
the problem, as it would allow users on iOS and Android 
devices to take advantage of a more integrated and robust 
setup experience, closer to the ”real” Bang & Olufsen 
products.

▲▲After the guided setup is complete, the 
user is presented with a main menu where any 
settings can be changed.

A list of loudspeaker models is 
presented. The user will select the 
model of their loudspeaker, so 
that the system installs the correct 
sound profile.

The user names the loudspeaker so 
that it is identifiable on their source 
devices and services.

The loudspeaker connects to the 
specified network, downloads the 
appropriate DSP program and 
renames itself. It becomes available 
to play within a couple of minutes.
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THIS SECTION  describes the evolution of the user inter-
face, primarily from visual point of view, through screen-
shots. The journey includes BeoLab S and ReCreate, as 
both of them inspired the design choices for Elements.

Specific parts of the interface are discussed later in the 
context of the features they are related to.

TARGET PLATFORM

Although the open web platform makes the client ap-
plication compatible with almost any device with a web 
browser, the primary environment that was targeted with 
the user interface was iOS on an Apple iPhone. This deci-
sion was mostly circumstantial, as I personally use Apple 
devices and it makes testing easier.

The choice to target primarily iOS means that the appli-
cation implements many user interface idioms familiar 
from native iOS applications and described in Apple’s 
Human Interface Guidelines100, such as the general layout, 
a swipe gesture to return to the previous menu, or the use 
of tab bars.

As the test device had a 4-inch display, the user interface 
was optimised for that size. No part of the interface could 
be compromised for the reason that it works or looks good 
only on a larger display.

▲▼An iPhone 5, the primary test device 
for the user interface. The robot stickers 
are part of the visual identity of Bang & 
Olufsen Create.

100 Apple, https://developer.apple.com/ios/human-interface-guidelines
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BEOLAB S

As the BeoLab S companion application evolved from a 
simple volume control into a more full-featured ”com-
mand center”, more effort was put into developing its user 
interface.

Track information, album art and playback controls were 
added. For these, the application adopted the frosted glass 
look that was popularised in 2013 by iOS 7101, and the 
mood of the whole interface changed as different music 
was played. White-on-black text and other elements were 
used throughout the interface, extending to the menus.

The volume wheel evolved into a multi-purpose control-
ler, eliminating the discrete playback controls. Tap on the 
center started or stopped music, with a horizontal swipe 
changing tracks. This interaction is similar to the touch-
sensitive wheels on BeoSound Moment.

As more features were added, a persistent tab bar at the 
bottom was introduced to allow quickly navigating be-
tween the different sections of the application.

To liven up the interface, I designed a set of small glyphs 
that were used throughout the menus. The glyphs lived on 
in the later interfaces, expanded and varied. A gallery of 
the glyphs is included in the appendices.

RECREATE

The whole user interface for ReCreate is the settings 
screen, there are no playback features as those were not 
deemed necessary at the time. 

Like most of the Bang & Olufsen application, it used a 
black-on-white colour scheme and the Gotham typeface. 
The inverted and expanded icon set from BeoLab S was 
used. Header images bring colour into the interface.

▲▲BeoLab S companion 
application in its present state. 
The album artwork colours the 
interface through translucent 
sheets.

Screenshots from ReCreate setup tool can be found else-
where in this chapter, such as on page 86.

101 Joutjärvi 2015. Skeuomorfismi ja flat design, p. 35
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DIMENSIONAL OR FLAT?

An ongoing debate in the user interface design circles has 
been the ”battle” between dimensional and flat design. 
Dimensional design is more commonly referred to as 
skeuomorphism, with intricate texturing and shad-
ing used to mimic aspects of real-life materials and 
objects.102 Flat design, on the other hand, eliminates 
textures and shading, using simple shapes, solid colours 
and sometimes only text to present functionality in the 
interface.103

Flat design has been adopted by all major mobile and 
desktop operating systems, and as of 2018 is still the 
prevalent visual style in these systems.

However, certain aspects of dimensional design seem to 
be experiencing a renaissance, with the reintroduction of 
rounded corners, shadows, gradients and subtle shad-
ing in the past few years.104 This is clearly visible when 
browsing Dribbble105: many designs feature some or all of 
the aforementioned cues.

The first designs of BeoCreate Elements compan-
ion application echoed this movement back towards 
more dimensional design, featuring shadows, gradient 
backgrounds and rounded corners. Many screens also 
included 3D-rendered visualisations. 

The next spread shows a series of screenshots from the evo-
lution of the interface. The story will continue after that.

BUTTON

BUTTON

BUTTON

102 Joutjärvi 2015. Skeuomorfismi ja flat design, p. 28
103 Joutjärvi 2015. Skeuomorfismi ja flat design, p. 41
104 Joutjärvi 2015. Skeuomorfismi ja flat design, p. 48
105 Dribbble, https://dribbble.com/shots
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All-light interface did not make 
another appearance after this 
version.

The dark equaliser interface was 
inspired by Apple’s Logic Pro X.

Different variants of a graphite 
background were tested 
extensively during the process.

...in favour of another 
wave of graphite.

Testing a background coloured 
by the album artwork, like 
BeoLab S. It did not work well 
with coloured interface elements.

The coloured boxes are sliders, 
but they are so far abstracted it 
is difficult to tell. The experiment 
proved unusable.

92



3D-rendered visualisation of 
loudspeaker connections.

Back to dual-tone interface, with 
hints of dimensionality.

Final interface style 
and colours.

The first appearance of a black-
and-white colour scheme. This 
was quickly backpedalled...
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CHANNEL D
30 W

CHANNEL C
30 W

CHANNEL B
60 W

CHANNEL A
60 W

This gave the interface a distinctive identity, but ul-
timately I decided that it did not convey the elegance 
and sharpness of Bang & Olufsen design. The look was 
evolved into the other extreme, with even sliders ab-
stracted to just filled rectangles, but this turned out to be 
too many steps too far, as it was frustratingly difficult to 
use even for myself.

With the learnings from the different approaches and in-
spired by the Bang & Olufsen application and website (as 
of 2017/2018), I arrived at a look that is easy to associate 
with these, but maintains its own identity.

I attempted to retain some of the vitality from the more 
dimensional approach. Buttons appear to slightly depress 
when touching them. Shadows appear under items that 
are dragged, such as icons and slider handles. None of this 
compromises the clean look, but adds just a little bit of fun 
to the user interface.

CONNECTION TO THE PHYSICAL 
WORLD

BeoCreate 4-Channel Amplifier has four loudspeaker 
outputs that are not specifically identified in hardware. 
The DSP sees them as outputs 17, 16, 0 and 1 from left to 
right with connectors facing the viewer.

As these designations are nonsensical for humans, I 
decided to name the outputs for the project purposes as A, 
B, C and D, respectively. In addition, I assigned colours to 
each of the channels to improve the distinction between 
them.

The choice of colours was deliberate. Channels A and B 
output 60 W of power, and can be thought of as the hot 
channels – as such they receive red and yellow as their 
colours. Channels C and D, outputting 30 W, are in turn 
the cold channels and represented by green and blue.

Ideally BeoCreate 4-Channel Amplifier would carry the 
same colouring and/or lettering in hardware, but as it 
does not, the user has the option to view a legend that 
illustrates the connections in relevant screens. These 
improvements could be added to future hardware.

▲▲Simplified loudspeaker channel 
designations for BeoCreate 4-Channel 
Amplifier.

1800 Hz
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INTERFACE COLOUR SCHEME

Choosing the overall colour scheme for the user interface 
turned to be much more difficult than initially antici-
pated. It is inherently connected to the visual style of the 
interface.

The screenshots (previous spread) show the DSP filter 
interface, as it is the most complex view in the application 
with most demanding requirements, such as the ability to 
distinguish four individual graphs from each other.

The starting point was a black-on-white interface, with a 
dark blue background for the graph, inspired by the equal-
iser in Apple’s Logic Pro X, but I quickly moved to trying 
out different shades of dark grey and blue, to associate the 
whole interface with professional audio editors.

Some testers found the all-dark colour scheme pleas-
ing, but after several variations, I decided that a brighter 
interface with adequate contrast between the graphs and 
the rest of the interface would help structure it, making it 
less chaotic and intimidating.

The final result is a dark grey header with a white content 
area and light grey tab bar. I decided to strictly reserve 
the use of colour to elements directly relating to a specific 
loudspeaker channel, possible warning labels and the 
now playing tab, otherwise maintaining a monochro-
matic look. The final hues for the loudspeaker channels 
were selected from the colour palette designed specifi-
cally for Bang & Olufsen Create by graphic designer Polly 
Bosworth.106

▲▲An abstract representation of the 
colour scheme evolution.

▲▲Screenshot of the parametric equaliser 
from Apple’s Logic Pro X.

106 Bosworth, http://bosworthstudio.space/beocreate
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VERBOSITY

Initially the screens had a few lines of text next to each 
feature explaining how it is operated, as I thought it 
would be helpful for the users. When people tested the 
interface, it was found that they did not actually read the 
texts, no matter how concise they were.

As a result, I decided to remove as much text from the 
interface as possible and instead place prominent ”help” 
buttons next to the different features. The buttons open a 
short guide explaining how to use the particular feature. 
Initially the help text appeared inline with the interface, 
but this was found confusing, so the guides open in a 
sheet on top of the interface.

The benefit for advanced users is that unnecessary, ”obvi-
ous” instructions do not clutter the user interface, leaving 
more of the precious space for controls, whilst a beginner 
gets a better experience to read about the feature from 
illustrated guides.

▲▲The lower help button will launch a guide 
for equaliser filters. Tapping the help button in 
the top right would instead show help for the 
graphs. Note that the guides are currently not 
illustrated.
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CUSTOMISABILITY

The tab bar allowed to add basic customisability to the 
application. The rightmost icon shows the main menu, 
but the other four icons can be chosen by the user from 
the features in BeoCreate Elements. 

The tab bar can be rearranged via drag and drop. To 
replace an icon, another can be dragged in from a menu. 
The icon can be either a top-level feature from the main 
menu, or a feature from one of the submenus. There is no 
separate ”edit mode” for the tab bar – the user can drag in 
the desired icon at any time.

As this feature is practically invisible, a short note is 
placed at the bottom of menus whose items can be added 
to the tab bar, an exception to the ”no text” policy de-
scribed earlier.

▲▲The user can grab on any icon in most 
top-level menus and drag it into the tab 
bar. For example, someone frequently using 
ToneTouch can set it up as a quick shortcut.
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INTRODUCTION TO NODE.JS

The choice to build a web application for BeoLab S was 
motivated by my familiarity with the platform. As the log-
ic for the web application was being written in JavaScript 
and I felt comfortable with the language, I had a strong 
desire to use it on the server side (loudspeaker) too, and 
through a quick web search for server-side JavaScript I 
discovered Node.

As an asynchronous event driven JavaScript 
runtime, Node is designed to build scalable network 
applications.107

For someone already familiar with JavaScript, the learn-
ing curve of Node is gentle, as most features found in web 
browsers are supported.

Node does not have the restrictions of the web browser 
sandbox, which makes it powerful. It has full access to 
the system it runs on: it can read and write files, access 
networking, access the GPIO on a Raspberry Pi and run 
system commands, for example.

Node is also extensible: npm is Node’s ”package ecosys-
tem” that has over 500 000 open-source packages, or 
modules, that can be installed and included in the server 
code. According to the project, it ”hosts the world’s largest 
collection of free, reusable code”.108

Summed up, these features made Node the perfect low-
barrier solution to implement the server for BeoLab S, 
and it was subsequently used for ReCreate and BeoCreate 
Elements as well.

▲▲Node.js project logo.
Image  34: Node.js Foundation

▲▲Running BeoCreate Elements 
Node server remotely from an 
SSH window.

107 Node.js, https://nodejs.org/en/about/
108 npm, https://npmjs.com/
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THE ESSENTIAL FEATURES

As ReCreate and BeoCreate Elements were parallel 
projects and needed many of the same features, writing 
all code into one file for one use case was not the right ap-
proach, because that would again result in wasted effort. 

To avoid this, my intention was to write a Node module 
to house all of the common features that are needed with 
BeoCreate 4-Channel Amplifier:

▪▪ DSP control
▪▪ Wi-Fi network setup
▪▪ Communication between the application and the 

sound system
▪▪ Installing and configuring sources
▪▪ Raspberry Pi system tools
▪▪ Indicator light control

Together these form BeoCreate Essentials. Whilst I 
wanted to incorporate as much functionality as possible 
into the modules to avoid having to ever write it again for 
another project, I also didn’t want to abstract everything 
to the point where that every project needs hook up to the 
features in exactly the same way, regardless if it makes 
sense for the particular project or not. In short, BeoCre-
ate Essentials should be a collection of tools, not neces-
sarily a workflow set in stone.

I found this balance difficult to maintain and if the Es-
sentials continue to live on in new projects, there’s likely 
going to be a need to adjust what’s included in Essentials 
and what’s up to each project to implement.

The Essentials would be used by the main server script, 
whose task is to act as the ”consciousness” of the loud-
speaker and interact with any of the lower-level, other-
wise independent Linux programs and components to 
orchestrate the experience through the tools included in 
BeoCreate Essentials.

The following sections will explain some of the inner work-
ings of BeoCreate Essentials. 

BEOCREATE 
ESSENTIALS

SERVER 
SCRIPT
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APPLICATION–LOUDSPEAKER 
COMMUNICATION

For communication between the application and BeoLab 
S, I chose to use WebSockets.109 It is easy to implement 
on the client side with JavaScript with just a few lines of 
code, and on the server side, a Node module provides the 
equivalent functionality.110

WebSockets enables simple and fast bi-directional com-
munication between a client and a server. When using a 
traditional HTTP protocol, the client typically needs to 
send a request to the server, which then responds with the 
requested data, such as a web page.111 With WebSockets 
this is not required, as the connection remains open in 
both directions and the parties can send each other data 
at any time, uninvited.

In BeoLab S, the client and server communicated purely 
with simple text messages, which was not very robust for 
transferring complex data types, such as Wi-Fi network 
listings.

05 DESIGNING THE SOFTWARE

BASIC 
FEATURES

For BeoCreate Essentials, JSON is the data transfer 
format between the server and the client. It is a stand-
ardised112, ”lightweight data-interchange format”, and is 
cited to be easy for humans to read and easy for machines 
to process.113 At the most basic level, JSON is plain text, 
making it ideal to transmit over a WebSocket. It can be 
parsed into JavaScript objects, making its data easy to 
access and manipulate in code. Conversely, a JavaScript 
object can be stringified back into JSON just as easily for 
storage and transfer.

To handle communications, there is a communications 
submodule in BeoCreate Essentials. It accepts and keeps 
track of new connections, relays received data to the main 
server script and sends data back to the application as 
needed. Everything is abstracted – the server can simply 
call to start accepting connections.

109 WHATWG, https://html.spec.whatwg.org/multipage/web-sockets.html
110 McKelvey, https://www.npmjs.com/package/websocket
111 Mozilla, https://developer.mozilla.org/en-US/docs/Web/HTTP/Overview
112 The JSON Data Interchange Syntax, ECMA-404, 2017
113 JSON, https://www.json.org
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WI-FI BACKEND

After the necessary software is installed on the Rasp-
berry Pi SD card, the next essential step is to establish a 
Wi-Fi connection. Several features depend on a working 
connection to the internet.

The Wi-Fi submodule has the largest amount of reused 
BeoLab S code in the whole project. It enables the crea-
tion of a graphical user interface for Wi-Fi setup. 

In BeoLab S, the Wi-Fi functions directly formatted 
any collected data, such as the list of saved or available 
networks, and sent it to the client. These functions were 
removed, as communications is now handled by other 
parts of BeoCreate Essentials.

The new submodule exposes simple commands, such 
as scan for available networks or add network x with 
password y. The main server script can call these func-
tions and get the requested data as a JavaScript object in 
response. This abstracts all of the complexity of manag-
ing Wi-Fi networks, allowing the main server script to 
remain clean and concentrate on sending the informa-
tion to the client, processing any commands it gets back. 
Leaving the minimum amount of work to the main server 
script should make the submodule almost a drop-in solu-
tion for managing Wi-Fi networks.

BEOCREATE 
ESSENTIALS

SERVER 
SCRIPT

WI-FI
SETUP

The system will automatically check for a network con-
nection, and if no connection is detected, it will broadcast 
a temporary hotspot that the user can connect to for 
adjusting settings.

In short, the Wi-Fi submodule uses the wireless-tools114 
module to interact with command line tools that help 
managing Wi-Fi connections in Raspbian Lite.

114 Baker, https://www.npmjs.com/package/wireless-tools

wifi.listAvailable(function(availableNetworks) {beoc

{header: ”wifi”, content: {type: ”available”, networks

[ssid: ”FLASH”, quality: 73, added: true, security: ”wp

{header: ”wifi”, content: {operation: ”listAvailable”}}

WIRELESS-TOOLS

WPA_CLIIWCONFIG IWLIST PING
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WI-FI SETUP INTERFACE

Examples of good Wi-Fi network setup experiences al-
ready exist. It made sense to draw inspiration from built-
in Wi-Fi settings screens in smartphones, as this was the 
target user interface paradigm for the BeoCreate setup 
tool as well, and users are familiar with these interfaces.

Screenshots show the Wi-Fi settings interface in Apple’s 
iOS. 

The screen shows the currently connected network as 
well as any other visible networks in range. Tapping a 
network allows the user to enter its password. A notably 
missing but useful feature is the ability to see, which 
networks the device has been configured to join auto-
matically.

The Wi-Fi setup interface for BeoCreate was made to 
look and behave similarly, down to the signal strength in-
dicators for networks that are in range. Compared to the 
example, it will also list the previously configured net-
works, allowing the user to easily delete them if desired.

▲▲Wi-Fi setup interface in 
BeoCreate Elements. Note the 
appearance of previously saved 
networks, missing from iOS.

▲▲Wi-Fi setup interface 
in Apple’s iOS.
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SOURCE SETUP

For ReCreate, it was decided to focus on making it easy 
for the users to stream music from their mobile devices, 
so that the user does not need to interact with the system. 
The services included with the software are Bluetooth, 
AirPlay and Spotify Connect, which should cover most 
use cases.

Bluetooth is preinstalled, but to avoid licensing issues, 
AirPlay and Spotify Connect need to be installed by 
the user. To make this easy, a menu is provided with 
one-touch options to download and install them. On the 
Raspberry Pi, a script runs, downloading, installing and 
configuring the required software.

BeoCreate Essentials will interact with the sources: to 
set them up with correct names and sound settings. In 
BeoCreate Elements, it will also receive status updates to 
control the indicator light. Later it is possible to expand 
this integration to include track information and play-
back controls, which is required for BeoSound Essence 
Remote to work with the system.

▲▼Source installation screen 
in ReCreate setup tool.

▲▲Recreated icons for different 
sources of the sound system.
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05 DESIGNING THE SOFTWARE

DSP ADJUSTMENTS 
THROUGH 

RASPBERRY PI

AS STATED BEFORE , one of the most important fea-
tures of BeoCreate 4-Channel Amplifier is its built-in 
DSP. It is fully programmable, making it extremely flex-
ible for different types of projects.

INTRODUCTION TO SIGMASTUDIO

The default means of programming the DSP is SigmaStu-
dio. It is a piece of software developed by Analog Devices, 
and although not open source, it is freely available for 
download from their website.115 It features a graphical en-
vironment for designing the sound processing flow for the 
DSP, and works on PCs running Windows, but can also be 
used in a virtual machine, which enables it to be used on a 
Mac computer, for example.

SigmaStudio is primarily targeted towards manufactur-
ers who develop loudspeakers and sound systems that 
contain Analog Devices DSPs. Whilst it is graphical and 
its use doesn’t necessitate writing code, its feature set is 
extensive and there is a learning curve that makes it less 
suitable for casual users. Subjectively speaking, its visual 
design is also not very attractive.

115 Analog Devices, http://www.analog.com/en/design-center/processors-
and-dsp/evaluation-and-development-software/ss_sigst_02.html

Quick overview of the SigmaStudio user interface is pre-
sented on the next page.
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CAPTURE WINDOW

TOOLBOX

SCHEMATIC VIEW

TOOLBAR

▲▼The toolbar. Its most important function in basic 
use is Link Compile Download, which sends the 
currently open program into the connected DSP for 
real-time testing.

▲▲The capture window logs the registers 
that are being written as parameters of 
the DSP program are changed. Registers 
store the information in the DSP.

▲▲The schematic view. Algorithms dragged in from the toolbox 
appear as blocks in the schematic. Blocks have input and output 
pins, with generally a single pin representing a single audio channel. 
Blocks can be connected to each other by dragging a line from one 
block to another, to create a continuous path for the audio signal to 
travel through the program. Blocks can be grouped into boards, to 
make complex programs easier to understand and manage.

▲▼The toolbox contains all available signal processing 
algorithms that are supported by the selected DSP. The 
vast amount of them occasionally makes it difficult to 
find the desired one. Commonly used algorithms include 
filters, volume controls, switches and mixers.

QUICK ANATOMY OF SIGMASTUDIO
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STEPS TOWARDS USER-ACCESSIBLE 
DSP

SigmaStudio is overwhelmingly powerful and not partic-
ularly easy to use for a novice, it was necessary to develop 
alternative ways of interacting with the DSP. The process 
can be roughly described in four steps.

Each of the steps builds on the work done for the previous 
steps, bringing into the system new functionality that in 
itself caters to a different use case.

1

2

3

4

Connecting and loading programs 
wirelessly to the DSP from 
SigmaStudio.

Adjusting basic settings of a running 
DSP program in real time from the 
setup tool.

Loading predefined programs to the 
DSP from the Raspberry Pi without 
SigmaStudio.

For BeoCreate Elements, advanced 
real-time DSP adjustments, such as 
the crossover and equaliser filters, 
with an attractive and easy-to-use 
user interface.

CONNECTING TO THE DSP 
WIRELESSLY

Wireless connectivity with the DSP was achieved with 
a program called SigmaTCPDaemon, running on the at-
tached Raspberry Pi. All subsequent work to control the 
DSP leverages this daemon. It was developed by Casper 
Larsen, software engineer at Bang & Olufsen, and acts 
as a link between the DSP itself and any software on the 
network that wants to read or write data to it. Source code 
is freely available on GitHub for those interested. 116

Larsen also developed a command line program for com-
municating with the daemon, and this I rewrote in JavaS-
cript to achieve DSP communication from Node.

The daemon was made to launch automatically when the 
Raspberry Pi starts up, immediately making the DSP 
available on the network.

SigmaStudio supports connecting to a DSP over the 
network by entering the IP address of the system where 
the daemon is running. This worked very well in test-
ing, although the experience is sometimes frustrating, 
as the application does not appear to indicate a succesful 
connection in any way, and a failed connection is usu-
ally indicated by the application freezing for a number of 
seconds before an error message is displayed. When the 
connection is made, Link Compile Download function can 
be used to send the currently open program to the DSP 
over network.

Achieving connectivity with SigmaStudio was the first 
step in the development process. It allowed to rapidly 
start testing loudspeaker prototypes for BeoCreate Ele-
ments and to prepare ReCreate demo units for display in 
in events, before the rest of the software was operational. 
From the user’s perspective, SigmaStudio is the ultimate 
tool in the toolbox, as it is the most advanced method to 
control signal processing with BeoCreate 4-Channel 
Amplifier.116 Bang & Olufsen, https://github.com/bang-olufsen/create
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LOADING PREDEFINED PROGRAMS

Each of the loudspeaker models in ReCreate would have 
its own DSP program, or sound profile, custom-designed 
by Bang & Olufsen acousticians. Making it easy for the 
user to select and install these profiles was the headlin-
ing feature of ReCreate and its setup experience.

When the program is written into the permanent memory 
of BeoCreate 4-Channel Amplifier through SigmaStudio, 
the whole DSP program is logged to the capture window 
and saved to an XML file. The daemon program running 
on the Raspberry Pi can essentially ”play back” the se-
quence of events from the XML file and this way write the 
complete program to the memory on its own.

From the user interface point of view, the programs are 
displayed as a list of loudspeaker models, and the user 
never has to interact with the XML files. Upon selecting 
a model, the corresponding XML file is downloaded from 
the internet and the DSP is automatically programmed.

beovox-cx50.xml

“Install sound profile 
for Beovox CX50”

A simplified flow of events that take 
place when the user requests the 
installation of a sound profile.
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REAL-TIME SOUND ADJUSTMENTS

The benefit of using SigmaStudio for sound adjustments 
is that it automatically maintains a link between the 
on-screen user interface and the registers in the DSP that 
actually control the sound. It knows what to write and 
into which registers for the desired effect.

Without SigmaStudio, the DSP is practically a black box. 
Although it is possible to read and write values from its 
registers, it is impossible to predict what the returned 
values mean or what kind of effect a write will have on 
the sound, without precisely knowing what is stored and 
where.

Fortunately SigmaStudio creates a directory of the 
different registers and their addresses as it compiles a 
program, allowing them to be looked up. For ReCreate, 
special metadata is added to the XML files that tells the 
server on the loudspeaker, which registers control the 
volume limit or change which channels the loudspeaker 
will play, for example.

Finally, the user interface is wired to send values to 
the loudspeaker, and the server makes the adjustment 
through the daemon in real time.

For simple adjustments, such as volume or a switch in the 
program, the value is simply a decimal number from 0 to 1 
or the index of the switch position.

More complex adjustments, such as equaliser filters, 
require the coefficients of the filter to be calculated first 
from the filter parameters, as the DSP itself does not 
perform those calculations. SigmaStudio performs these 
calculations automatically behind the scenes.

The equations for different types of biquadratic filters, 
typically used for crossovers and equalisers, are all listed 
in SigmaStudio manual117 and simple to implement as 
JavaScript functions, even without knowing precisely 
how the equations actually work. The functions take filter 
parameters, such as frequency, gain and filter sharpness 
as input and return the coefficients, which the server will 
again write to the DSP through the daemon.

117 Analog Devices, https://wiki.analog.com/resources/tools-software/sig-
mastudio/toolbox/algorithminformation/general2ndorderfilters
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THE DSP FEATURES  described so far are shared be-
tween ReCreate and BeoCreate Elements. Next, I will de-
scribe the sound adjustment features unique to Elements.

As the major focus in the project has been to make it 
easier to customise the sound of a loudspeaker, it was 
extremely important to implement the previously men-
tioned advanced, real-time sound adjustments in a user-
friendly way.

BeoCreate Elements includes multiple sound adjustment 
features in the Sound menu. The features are organised 
from top to bottom by their level of advancement.

▪▪ SOUND PRESETS  allows the user to save and recall a 
complete (or partial) set of sound adjustments at once.

▪▪ LOUDSPEAKER DIMENSIONS  creates sound adjust-
ments specifically for the loudspeaker designed by 
Heikkilä in the project, based on its dimensions. It only 
appears when BeoCreate Elements is selected as the 
sound preset.

▪▪ SPEAKER TYPE & ROLE  selects which type of 
loudspeaker drivers are present and which channels 
(mono, left or right) they play.

▪▪ TONETOUCH  is familiar from the BeoPlay applica-
tion, and enables one-touch control of bass and treble.

▪▪ ROOM COMPENSATION , once implemented, would 
allow adapting the loudspeaker to the room with 
acoustical measurements.

▪▪ CROSSOVER & FILTERS  contains manual crossover 
and equaliser controls.

▪▪ CUSTOM DSP PROGRAM  gives instructions on how 
to set up SigmaStudio for projects that are not served 
by the other sound adjustment screens.

▲▲The Sound menu in BeoCreate 
Elements lists all the different 
available sound adjustments.

Parametric equalisers and crossovers are used in ReCre-
ate loudspeakers, and I personally use them most when 
tuning a loudspeaker with SigmaStudio, so I decided to 
focus my efforts on crafting a functional user interface 
around them, above everything else. In addition to the 
interface itself, the process involved designing a general-
purpose DSP program that incorporates the actual filters 
that can be adjusted via the interface.

This section takes a closer look at some of the mentioned 
sound adjustment screens.
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VISUALISING FILTERS

Magnitude response is commonly visualised as a graph, 
with frequency on horizontal axis and loudness on the 
vertical axis. This type of graph can be found in loud-
speaker driver datasheets and technical specifications of 
audio equipment.

I sought to recreate this graph in the Crossover & Filters 
screen for visualising the equaliser and crossover set-
tings.

Inspired by an online frequency response grapher118, I 
used Flotr2 JavaScript library119 for drawing the graph 
from the calculated filter coefficients. The graph was 
heavily customised to make it more visually appealing 
and consistent with the rest of the interface.

Instead of plotting one filter at a time like the example, 
the graph shows all filters of all four loudspeaker chan-
nels at the same time, with the different plots coloured 
according to the colour scheme described on page 95. 
This allows viewing the entire filter setup at a glance.

–15 dB

15 dB

10 Hz 100 1k 10k

▲▲Filter responses for a small 4-channel 
loudspeaker prototype. Only two channels are 
shown, because the two others are indentical.

BASS MIDRANGE TREBLE

118 Redmon, http://www.earlevel.com/main/2016/12/08/filter-frequency-
response-grapher/
119 Humble Software Development, http://www.humblesoftware.com/
flotr2/index

▲▲How graphs drawn with Flotr2 looked 
like without any customisation.
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–15 dB

15 dB

10 Hz 100 1k 10k

The frequency response graph immediately became the 
dominant element in the Crossover & Filters screen and 
changed relatively little, whilst other elements around it 
saw more significant evolution.

To be able to access settings for individual channels, a 
horizontal channel selector was added. Initially this was 
located at the top of the screen below the header, but was 
moved below the graph as the graph and the header were 
unified to better utilise screen space.

▲▼Final filter interface. Note how unifying 
the graph with the title bar has freed a lot 
of screen space for controls. The dual-
tone colour scheme also creates a clear 
distinction between the different parts of 
the interface.

▲▲An early example of the filter interface, 
with channel selector at the top and a 
separate title bar.

ALL A B C D
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FLEXIBLE CROSSOVER

As explained in the research, the crossover is a vital com-
ponent in a loudspeaker with multiple frequency bands, 
splitting the sound between the drivers and protecting 
them from the frequencies they are not designed to play. 

At first I sought to map out all of the different loudspeaker 
configurations that would be possible to create with 
BeoCreate 4-Channel Amplifier, to provide a set of fixed 
sound processing flows in the DSP and present these as 
options in the interface.

This turned out to be cumbersome and inflexible. The 
amount of configurations that were mapped out was sig-
nificant which made the DSP program complicated, but 
it was impossible to account for all potential edge cases, 
where the user creates something that does not conform 
to the predefined flows.

I decided to approach the idea of a crossover not as a set 
of predefined signal flows, but instead as four individual 
channels, whose frequency ranges can be adjusted inde-
pendently. This makes the crossover very flexible, as it 
can support virtually any driver configuration, all of them 
equally easy to set up. The decision also simplified the 
integration of equalisers into the program.

▲▲Fine adjustment sheet. It is used for 
crossovers as well as equaliser filters 
for precise control of the values.

▲▶How a hypothetical four-way 
crossover setup could look like with 
the slider interface.

The crossover interface in Crossover & Filters became 
a set of sliders, each with two handles. Dragging the left 
handle will set the low-frequency cutoff (high-pass filter) 
for the channel, whilst the right handle will set the high-
frequency cutoff (low-pass filter), leaving the audible 
frequencies between them. An active filter is indicated 
by the frequency value above the slider handle, and the 
slopes created into the frequency response will also ap-
pear on the graph in real time.

To make it easier to match the cutoff frequencies of differ-
ent channels, the slider handle that is being dragged will 
briefly ”snap” to the values of the other sliders.

In case the resolution of the slider is not sufficient to set 
the desired frequency precisely, the high-pass and low-
pass symbols below the sliders open a fine adjustment 
sheet, allowing the user to increment or decrement the 
value by specific amounts.

▲▲Adjusting the low-pass filter of a 
channel with the slider interface.



EXPRESS CROSSOVER

Whilst the flexible crossover interface is a powerful tool 
and simple to use, it still requires some basic knowledge 
on what a crossover is and why it is used.

To assist users in setting up crossover filters for their 
loudspeakers, Speaker Type & Role functions as a quick 
crossover interface. The user can visually select what 
kind of drivers are connected to the system, and the soft-
ware will apply predefined crossover filters based on the 
driver type.

The ”automatic” crossover will almost never perfectly 
suit the actual drivers that are used, but it should provide 
a good starting point and at the very least will protect the 
drivers from harmful signals.

The choices made in Speaker Type & Role will be re-
flected in the sliders in Crossover & Filters screen, and 
vice versa.

2000 Hz

700 Hz 2000 Hz

700 Hz80 Hz

80 Hz
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50 110 200EQUALISER INTERFACE

The crossover controls are located in the All Channels 
section of the Crossover & Filters screen. Selecting any of 
the individual channels from below the graph will show 
the equaliser interface for that channel. The graphs for 
other channels will slightly dim to help the selected chan-
nel to stand out.

Below the channel selector, the available filters are dis-
played horizontally. Filters are labelled from 1 to 10 and 
show their center frequency to aid in identification, and 
the selection colour will change based on the loudspeaker 
channel. Currently selected filter can be disabled or re-
enabled by tapping it again in the filter selector. A cross 
will appear in front of it to indicate the disabled state.

Initially the equaliser interface was based on sliders that 
manipulate the three main properties of the filters: center 
frequency, gain and sharpness. In testing it was found 
unintuitive, as the slider movement, particularly in the 
case of gain, did not match the movement of the graph. It 
also did not fit on screen all at once.

To improve the experience, the graph was made interac-
tive. The user can move their finger on the graph to set 
the center frequency and gain of the selected filter. In 
addition, they can use the ”zoom” gesture to adjust the 
sharpness of the filter. When the equaliser interface is 
activated, a ”Move and scale” prompt will briefly appear 
on the graph to indicate this capability, similarly to the 
wallpaper interface in iOS.120

Sliders were replaced with buttons that show the current 
parameter values for the filter. Tapping one of the buttons 
will open a fine adjustment sheet identical to the one in 
the crossover screen.

▲▲Equaliser control interface 
with sliders.

▲▶Revised equaliser control 
interface with an interactive 
graph. “Move and scale” fades 
out after a number of seconds.

120 Apple, https://support.apple.com/en-gb/HT200285
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An equaliser filter being adjusted. A simple 
drag anywhere on the graph will adjust the 
frequency and gain of the filter.
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COPY & PASTE

In some loudspeaker configurations the same filter set-
tings are used on multiple channels.

Initially I considered implementing a way to ”link” multi-
ple channels together so that their settings would update 
synchronously as changes were made on one of them. 
This idea was abandoned, as there were too many ques-
tions that needed to be answered – possibly translating 
to complexity in the user interface and mental overhead. 
How does the user make or break the link? How is the 
linked state communicated? Can channels be linked in 
pairs? How are conflicts handled?

▲▼Alternative copy and paste 
interfaces. The final design (right) 
behaves like the system copy and 
paste feature in iOS.

Instead I added copy and paste functionality for filter set-
tings. Whilst the drawback compared to the link concept 
is that settings do not update across channels in real 
time, copy and paste as a concept is already familiar to 
many if not most users.

The system is also more flexible than an ”all or nothing” 
link between channels: the user can copy either a single 
filter or all filters on a channel and paste it to another 
filter on the same channel, or to another channel.

The option was at first located in the Tools section of the 
equaliser interface, below the filter controls. Whilst the 
benefit was discoverability, the arrangement necessitated 
a lot of scrolling between the filter selector and the copy 
and paste controls.

The feature was redesigned to mimic the standard copy 
and paste feature on iOS: press and hold on an item, and 
choose an option.

To copy or paste a single filter, the user holds down on a 
filter in the filter selector and chooses Copy This Filter. 
To copy or paste all filters of a channel, the user holds 
down on a channel in the channel selector, selecting Copy 
10 Filters. The wording of the paste command will change 
similarly to indicate what is being pasted.
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LOUDSPEAKER DIMENSIONS

The features described so far are primarily targeted 
towards custom loudspeaker projects. For BeoCreate 
Elements, we envisioned a simple, automated process for 
tuning the loudspeaker by simply supplying its width and 
height. This is possible because almost everything else 
about the loudspeaker is known: general shape, construc-
tion and the drivers used.

This process takes place in the Loudspeaker Dimensions 
screen. As Heikkilä designed the automated 3D-model-
ling process for the loudspeaker to work within certain 
constraints, it was important to respect the same logic 
and constraints.

For setting the dimensions, a 2D representation of the 
loudspeaker is shown, with drag handles at its edges, 
allowing the user to adjust width and height. BeoCreate 
Core and BeoSound Essence Remote are shown next to it 
for scale.

As the user drags the handles, the buttons update with 
the current dimensions and cabinet volume. If the maxi-
mum or minimum value for a dimension is exceeded, the 
other will be adjusted automatically to compensate.

Unfortunately, the interface remains on the level of a 
mockup as of the time of writing. Based on the discus-
sions with Jakob Dyreby, acoustical engineer at Bang & 
Olufsen, it is possible to automatically tune a loudspeaker 
in this fashion without acoustical measurements, but it is 
more difficult than I originally anticipated – not a simple 
interpolation from the largest loudspeaker to the small-
est.

Complex calculations and mathematical models are 
required for the feature to perform well. The algorithm 
needs to coordinate not only the design of the filters, 
but also the physical design of the loudspeaker, to place 
the drivers in appropriate locations and ensure a stable 
construction.121 Needless to say, this requires the skills of 
a trained acoustician and signal processing engineer.

Due to this, the prototypes of BeoCreate Elements are 
tuned using the manual DSP tools described earlier.121 Dyreby 2017, 2018

▲▲To tune the BeoCreate Elements 
loudspeaker, the user has to simply supply its 
width and height using the drag handles.
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The now playing screen resembles that 
of BeoLab S, with the circular controller 
and blurred album artwork. The colour 
scheme of the tab bar inverts to give the 
centre stage to the other elements.
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BEOCREATE ELEMENTS  was chosen as the name to 
reflect the project from multiple angles. It represents 
the visual composition of the concept sound system: the 
essential elements – the loudspeaker, the Core and the 
interface – everything clearly and understandably laid 
out. Below the surface, Elements is the technical basis 
of a powerful, custom-designed sound system. On the 
software level, Elements combines with BeoCreate Es-
sentials to harness the power of the hardware and give it 
to the user.







Elements
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CONTRIBUTION

Although I framed the thesis as a personal learning ex-
perience (in sound) and the design process of an artifact 
(BeoCreate Core and its software), I believe it contributes 
new knowledge and ideas in a few ways.

The main research question was this:

How can open-source audio hardware and software 
be combined into a Bang & Olufsen-like system for 
designers and makers?

It is a very practical question that demands practical an-
swers. The work presents aspects of the experience that 
are presently suboptimal, suggesting and demonstrating 
practical ways in which they can be improved. Have they 
resulted in something that embodies the Bang & Olufsen 
ideal of moving you with enduring magical experiences? 
Not yet, but I see a promise of a future where that can be 
true.

BeoCreate 4-Channel Amplifier is a capable and ver-
satile hardware platform for a sound system. To bring 
out its best for as many creative individuals as possible, 
powerful and easy to use software is essential. Whilst 
the software designed and built during this project is not 
production-ready, it is a beginning that can inspire the 
innovation and exploration that can flourish around the 
hardware. Releasing the work as open source to the crea-
tive community, available for anyone to dissect, use and 
improve, I consider the most important contribution from 
my side of the project.122

As a whole, the project is a practical and succesful dem-
onstration of open innovation platforms in established 
companies such as Bang & Olufsen. The company benefits 
from the fresh ideas and talent brought in by the exter-
nal innovators (us), whilst the innovators can benefit 
from the resources and expertise that the company has 
brought to their reach. The greater creative community 
benefits from sharing the new established knowledge and 
technologies.

06 BEOCREATE ELEMENTS

CONCLUSIONS

BeoCreate Elements, ReCreate and Bang & Olufsen 
Create as a whole are also halo products. During the 
time where Bang & Olufsen is competing of mindshare 
particularly among younger customers, projects that 
have values such as openness and sustainability in their 
core are a valuable asset to the company in differentiating 
themselves from the mass. It can draw in new potential 
customers. It says something that the introduction video 
for ReCreate is the most-watched video of all time on 
Bang & Olufsen’ social media channels.123

122 Hämäläinen, https://github.com/tuomashamalainen/beocreate-elements
123 Clarke 2018
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REFLECTIONS

I placed a large emphasis on making the prototype func-
tional to at least some degree. It would have been easy to 
show screenshots created in Illustrator, but I am always 
interested in taking my concepts to the next level so that 
the product’s functionality can be tested. This meant 
writing code.

Whilst I do not believe I’m capable of crafting clean code 
like a trained programmer could, I do not think it means 
a designer should not ever write code. In the best case 
it results in something that whilst not perfect, is good 
enough to serve as a proof of concept. In the worst case 
it is still a learning experience, and this project has been 
both for me.

When it comes down to the technical implementation 
of the suggested software improvements, I do not think 
there necessarily are right answers. I chose to lean heav-
ily on web technologies, but someone else with a different 
skill set could have chosen to use something else entirely.

There have been failures and points of frustration along 
the way, all of which are to be learned from. Project 
management from my side is one – the list of features I 
wanted to include was too long compared to my ability to 
build them, and although the list grew shorter as we more 
clearly focused BeoCreate Elements, many of the essen-
tial features are missing: a real, user-friendly onboard-
ing experience and BeoSound Essence Remote support 
among them.

A lot of this can be attributed to simply overestimating 
skills in relation to the available time. Preparing ReCre-
ate for release also took a considerable amount of time 
away from Elements.

It has been incredibly rewarding to hear the encourag-
ing feedback from within Bang & Olufsen on BeoCreate 
Elements as a whole, on the sound adjustment features 
implemented so far, and also to see ReCreate out in the 
world. Nothing else I have personally worked on has yet 
travelled so far, which is exciting but also brings with it a 
sense of responsibility.

FUTURE POSSIBILITIES

The work on automatic loudspeaker tuning based on 
dimensions is underway at Bang & Olufsen, adding the 
most important missing piece to BeoCreate Elements. 
The concept has the possibility of graduating from the 
labs into the world.

The user interface for sound adjustments can potentially 
become an official part of BeoCreate ”ecosystem”. There’s 
room to not only improve the existing features, but also 
to add better automatic and wizard-type features, more 
of that magic guiding the user towards the best possible 
sound.

Beyond the software tools themselves, I see value in a 
written and illustrated guide, a cookbook that comple-
ments the tools, helping people in understanding the 
essentials and possibilities of designing and building 
their own sound systems, before any of the software even 
comes to play.

Nevertheless: the world of sound and design keeps fasci-
nating me every day, and I hope to continue on this excit-
ing journey.
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ICONS



SYSTEM OVERVIEW

The graphic shows the functional 
relationships between the different parts of 
BeoCreate Elements and its “accessories” 
in a simplified way.





QUICK LOUDSPEAKER PROTOTYPES

Over the course of the project, I built several quick and dirty 
prototype loudspeakers that were not at all related to the 
concept, but allowed me to test DSP and other software 
features at times when a proper, on-concept prototype was 
not available. This can also be seen from the angle of testing 
the sound adjustment features for custom loudspeakers.
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DSP PROGRAM OVERVIEW

The graphic is a simplified view of the DSP program 
that the sound adjustment user interfaces in BeoCreate 
Elements operate behind the scenes, as of early 2018. 
This section is the main schematic.

CHANNEL SELECT

This board is operated by Speaker Type & 
Role and ToneTouch screens.

FILTERING

This board contains the crossover and 
equaliser filters.



ALTERNATIVE RENDERINGS OF 
BEOCREATE CORE
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Topaz grey & black 
(prototype)
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