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INTRODUCTION:
This dissertation presents a piece of hardware developed to pursue ease of
use and an extended set of features for interaction design sketching.
It is also a survey into how different aspects and conditions influence the
laborious tasks involved in developing and designing sensor-based
technology for interaction.
The presentation will furthermore cover comparative research towards
similar types of systems.
Finally, the collaboratively exertions with technical experts will be
discussed.
The background for this particularly approach must be seen in the fact
that the development, design, and eventually this dissertation, is produced
by a person not educated or gifted with specific eminence in precise and
specific knowledge-based fields like programming, electronics
engineering or other hard knowledge professions. Therefore, negotiating
an attempt to develop something of highly technological complexity from
a designerly perspective was not easily overcomed.
One key-area is the communicational aspect involved when collaborating
with experts that have deep and narrowly defined know-how on the
technical objectives, yet idiosyncratic understanding of worldperspectives in relation to how laypersons navigate and understand and
memorize behavior in relation to the use of objects, in a world (overly)
equipped with objects and paraphernalia.
Similarly, limited understandings of a more specific kind in relation to
technical peculiarities when designing without profound and deep
competences related to electronic engineering can arguably prove an
obstacle from the technical engineers point of view.
All in all a completed product with an apparently unique feature set in
relation to comparative products, has however been the result of this
designerly approach based on soft knowledge implemented in a hard
knowledge world.
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ABSTRACT:
The dissertation consists in three parts.
1. A presentation of the background for and the conceiving, research and
development of a piece of hardware, the DUL Radio, a small wireless
hardware system for obtaining sensorial and behavioral data through the
use of sensors.
The objective for DUL Radio is easy access to sketching sensor-based
interaction for the technically novel or less experienced user.
Also, an examination of a terminological foundation for discussions
regarding DUL Radio, it´s functionality and certain point´s of view´s
regarding design-criteria of this and similar systems is presented.
2. A survey on comparative research has been conducted crossreferencing DUL Radio to related systems. How these related systems
can be classified and how the classification has been used in the design
and developing phase to solidify DUL Radio´s design-profile is also
presented.
3. A discussion of design-approaches in the developing process will be
presented. Likewise technical aspects concerning performance of such
systems and how these aspects potentially can affect and branch into the
perceived interaction-content where such systems are used, is also
discussed.
Conclusively it must be stated that the aim of this dissertation is not to
discuss or conclude on profound and complex matters within the
technical realms of the development of the system. As the dissertation
will show, the idea for the system was conceived on the basis of
experience with sensor-based hardware systems used from a designerly
and artistic point of view to develop interaction systems.
Therefore the primary approach has from the beginning aimed at taking
the users stand in the development of DUL Radio. And it is an
examination of the results of that stand as well as the consequences that is
brought forward.

	
  

4	
  

DISSERTATION BOUNDARIES:
The primary objective in the dissertation is to present the concept behind
DUL Radio, the product itself and the following areas of research:
Technical design perspectives on producing sensor-driven systems, userbased versus technically based design-approaches and applicational
adaption.
It is beyond the boundaries of this dissertation to go into discussions
dealing with specific technical hardware and software solutions at
production level. Also how features and innovative enhancements in
DUL Radio and other similar systems are actually implemented at
hardware and software level is not discussed. Software architecture and
hardware construction is addressed from the functional point of view, not
at actual construct level, because the focus is on the context of use when
addressing the topic, not on the context of production. The production
aspects are addressed from a design level point of view.
The definition of the dissertation boundaries here mentioned is first and
foremost based on two aspects;
Firstly: The fact that the actual system of DUL Radio was conceived
from a designerly point of view and a huge effort continuously has been
put into not solely leaving the actual technical development of the system
to the software and hardware engineers handling the actual production of
it.
And secondly; since the dissertation is grounded in a multimedia arts
program and not a technical program of sorts, I find it of outmost
importance to keep the focus on the key-areas here postulated as the
genuine conceptual approach behind DUL Radio. An approach this
dissertation will evaluate and discuss the validity off.
Also it is important to state that it is not within the expertise of this author
to thoroughly discuss specific hardware and software issues at
engineering and/or computer science level. My background is in the arts;
more specifically sound and interaction design development. And the
whole concept of DUL Radio is basically, as stated, conceived from the
users point of view and not from the technician point of view.
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CHAPTER 1.
BACKGROUND
The DUL Radio-prototype.
In 2006 I was asked to create the systems-design as well as sounddesign
for an interactive scenography used in a transcription of Hans Christian
Andersen´s 1845 fairytale "De Røde Sko" - "The Red Shoes" [1]. Setting
the scene in an old ballroom-like establishment at Fünen island (the
birthplace of H. C. Andersen), the fairytale was converted into an actorless theater-like installation evolving around the audience´s interaction
with a total of seven pairs of red dance-shoes positioned on the floor for
the audience to wear and use as they liked.
In the fairytale, a young girl´s vain desire for dressing up in her beautiful
- and as described in the fairytale -, ungodly improper red shoes, is
punished by what can be interpreted as the devil; an old bearded soldiersman, that bewitch her shoes.
At a crucial point in the fairytale, the young girl not withholding her
desire to attend a ball in her village, even with her stepmother lying in her
deathbed, starts dancing at the ball and realize that she is not in control of
her feet anymore, her red shoes are. The shoes makes her dance during
day and night, taking her to the forest, where she finally, upon dancing
past the executioners house, have him chop of her feet with the red shoes
on, leaving her with crutches and artificial wooden feet.
One of the main elements in the theater-installation transcription of the
fairytale, was the director/designers idea of having the audience interact
with several pairs of red dance shoes, thereby controlling a vital musical
part of the installation. So upon entering the installation the audience
experienced a soft static sounddesign not revealing many cues related to
the fairytale, but after putting on the shoes and when moving around in
the ballroom the audience would experience the music develop and
evolve in correspondence with the ways they used the shoes. The music
was primarily consisting of small snippets of mashed-up elements of
waltz-music and other pieces of musical sound sharing contemporary
elements with the era of the fairytale.
Another primary issue of concern for the director was that no visual cue
should reveal the embedded enhanced features of the red dance shoes.
The immediate experience addressing the audience upon entering the
ballroom should link to what in general would be expected based on
common knowledge regarding Hans Christian Andersen´s "The Red
Shoes"-fairytale; 1900-style chandeliers decorating a beautiful old stucco
ceiling, a parquetry floor made out of oak, a soft waltz-based (all though
modern-style static, "minimal" music and red lacquer traditional style
dance shoes.
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Apart from being invisible to the audience, certain other key elements
concerning demands on the technical solution should be stated here as
well:
1

-To be able to address the use of the shoes, the system should be fast .
-Interaction systems embedded in the design2 was not an option for varies
reasons:
First and foremost, the installation had to be mobile and had to be able to
adapt to other venues similar to the mentioned ballroom; pristine rooms
and locations in century old, sometimes preserved buildings. The option
of designing a interactive floor for tracking the shoes was considered.
Such a floor would however not have been a sufficient solution on its
own: The need was not to track where on the floor the shoes were active
the need was to track which shoes were active. Similarly, systems based
on different computer vision algorithms would prove difficult, again for a
variety of reasons; for instance no color-cues were present in the
scenography. But upon evaluation of pro´s and con´s on the mentioned
systems, it all fell back on the primary fact that any system based on an
Outside-In or an Inside-Out taxonomy [2] demands interior-destructive or
at the least added rigging of technology in or around the scenography,
and with the fore mentioned venues in mind all ideas concerning building
(complex) systems that in some way or another would have to interfere
with either the scenography or the venue or both were dumped.
The red shoes themselves, being at the center of attention, gave another
cue; The whole concept of the theater-installation was that anybody at
any given time (within opening hours) could enter the installation, but
only when putting on The Red Shoes would he or s he become part of the
installation! In essence indicating that other shoes stepping or dancing
around on that same parquetry oak floor, should not experience the
sensation of the shoes "taking over". So the final reasoning was that for
all practical but also experiential and psychological reasons, the invisible
enhanced features of The Red Shoes, only revealed when using them,
should be activated from the shoes themselves.
Coming from a music and arts background working with interaction
design focusing on artistic content in aesthetic context [3], only used to
address technical aspects through, and therefore primarily used to work
with, off-the-shelf products, my next concern was whether systems
controlling the above mentioned scheme were readily available at all.
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
1	
  Fast enough to track potential step-dance-like behavior.	
  
2	
  Based on what is sometimes known as Outside-In and Inside-Out taxonomies [2.
Mulder], i.e. systems embedded in the surroundings recording movement or similar
behavior: infrared, ultrasound, camera tracking or a variety of variable resistors. Or
systems positioned on the subject/object: GPS, head-mounted camera, compass,
monitored from the surroundings.	
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Figure 1: A small Red Shoe containing a, not visible, wireless transmissions system.

Bringing to mind that the shoes were of different sizes, the smallest pair
being approximately of the size a 4 year old would be wearing, that
concern was eventually taken into account.
As described above and in chapter 2, a vast array of systems capable of
tracking and interpreting the mentioned task in a multitude of ways are
and was (in 2006) available.
In relation to the here mentioned needs it can however be stated that it
was realized that a single system addressing those needs was not easily
met with off-the-shelf products. Having mobility, pervasiveness, and size
as key features, a system designed to address this and similar tasks was
not readily available.
So concludingly, preparations had to be met with the aim of creating a
customized system that could handle the here specified design task.
After teaming up with two hardware engineers, a solution based on
wireless FM (frequency modulation) transmission was build, using RF
Solutions RF650, a FM-transceiver with 50 separately programmable
frequencies for transmission [4]. This was hooked up with a small Atmel
168 processor with an analog to digital 8-bit converter [5], a battery
housing with a 3-volt lithium cell battery and one FSR (Force Sensitive
Resistor) sensor attached.
All together, standard components in a customized setting with the
purpose of solving one particularly task, presenting the way the average
technical engineer would normally conceive a task like the here
described.
The software running on the Atmel micro-controller was simple, only
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"sleep" and "awake" task algorithms3 were of a more elaborate design,
sustaining battery life when the shoes where not in use, so the transceiver
4
would "brown out" and save battery, thereby allowing an average battery
life of 4 days pr. shoe. Apart from that the data-transfer from the sensors
were raw ASCII, leaving it up to a computer program controlling all of
the interactive elements of the theater-installation to interpret and process
the sensor-data.
14 such sensor-transmitter systems were hand-build transmitting to a
central unit containing 7 similar RF650 transceivers set to receive from
two transmitters each (pairs of shoes). The dimensions of the assembled
sensor-system onboard a shoe was 2.5 * 2 * 0.8 cm plus the battery
housing being 3 cm in diameter and approx. 0.5 cm high.

Figure 2: Here is how the "invisible" wireless transmission system is housed in the
heel of a small Red Shoe. Facing down towards the ground is the RF650 Transceiver.
The red wire is the antenna. Under the gray piece of gaffa-tape, a FSR sensor is barely
visible.

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
3
Algorithms controlling the processors activity, making it save energy, when not in
use.
4
“Brown out”; a term used for a “faint”-like behavior in the processor in relation to
energy consumption. Related to “black out”.	
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Figure 3: On the flip-side of the RF650 is a small print containing the remaining
part of the circuit, primarily the Atmel processor.

The system here described was premiered in the summer of 2006, and
handled the task it was designed for quite well.
Thoughts Concerning an Idea of a Generalized System.
While working on the development of the system for the abovementioned production, several ideas where such small sensor units could
be of great use came to mind. But also indicated what actually could be
seen as a main objective; namely what had let us to build our own
solution for this specific task in the first place?
The system in mention was hard-wired, hard-coded and designed to full
fill one specific task. Exchanging the sensor with another standardized
passive sensor was easy for a person knowing how to solder. But all
ready the aspect of wanting to use more than one sensor in the same
physical context, -for example enhancing one shoe with not only one, but
several sensors, would prove a obstacle; several transmitters takes up a
lot of space, several batteries need to be changed etc. Also all data
filtering and handling would always have to be dealt with from a
centralized place i.e. from a central computer program.
Not having hardware engineering skills or experience, other than being
able to deal with issues like the fore mentioned soldering, and not having
skills in micro-controller programming, would eventually leave a person
like myself continuously dependent on electronic engineers to
continuously create new or altered or customized prototypes solving
whatever specific task different interaction design ideas would cater for.
-A situation not uncommon when interaction schemes in artistic settings
are being developed.
Now, commercial systems of a more standardized kind for solving related
tasks, is and was available.
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Equally, several designs as well as several expected levels of expertise in
how to operate those systems can be found. But as also mentioned; we
found none adaptable to our needs.
As will be argued for and referenced in chapter 2, a reason for this is
exposed through a categorizing model of the designs of the sensor
systems generally available [6]. It consists of 3 elements:
1. Designs for specialized tasks, often incorporating so-called
"Middleware", usually demanding a high level of hardware and/or
software expertise from the user, giving access to features like powersaving and adaptable wireless transmission, just to name a couple of the
features the before-mentioned custom-build system for "The Red Shoes"
needed.
2. Designs for the technical novel users, that are more or less plug & play,
usually produced with specific consumer target groups in mind, -could be
musicians, designers, science teachers at elementary school level or the
like. Usually these types of systems designs have great ease of use, but
are typically not equipped with feature sets similar to what middleware
products are hiding "under the hood" for the skilled user to benefit from.
Also, these designs are normally thought of as a uniform entity, with as
many sensor-inputs as possible packed into one and therefore usually
rather large unit, that also has the disadvantage of a net of wires
connecting each sensor to the unit, -wires that has to be dealt with in the
construction of the design-task.
3. One third category, -probably without any doubt the vast majority of
systems designs surrounding us all, is sensor systems build into all sorts
of products; cars, smartphones, heating/cooling systems, traffic control,
meteorological systems, industrial robots just to mention a few. Often
5
based on OEM components but also often totally integrated in the
technology surrounding that specific property in often complex and
intrigued industrial and technological designs created by the
manufactures themselves.
This third category will however not be taken into account, since the
initial focus and the focus of the product (the DUL Radio) that eventually
reached a level of realization is in the domain of systems that either aims
for immediate ease of use scenarios or as products that relative to the
third category must be considered semi-realized, meant for higher level
production schemes than the third category systems present.
Now, as earlier described, when creating the custom-build system, certain
features in software, but certainly mainly in hardware, were sought for. In
hindsight it was realized that what could be described as a system based
on readily access to features normally found only in Middleware
products, build into an almost-ease-of-use off-the-shelf hardware kit, was
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
5
OEM stands for ”Original Equipment Manufacturer”. It basically relates to hard and
software developed for implementation in higher level commercial products.
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what actually had been prototyped. And when bringing to mind the
obstacles mentioned regarding, first; the lack of adaptability in the
standard off-the-shelf product, secondly; the high level of diverse
hardware and software-knowledge needed when dealing with Middleware
products and thirdly; the need for destructive hardware alterations and
software-skills in micro-processor programming when customizing for
specific needs, I began to wonder why a product designed to meet what
actually could be described as a gap between the two categories; "off-theshelf" and "Middleware" was not readily available for commerce, and
whether such a product would have it´s niche.
Initial Research – Preparing the Foundation for an eventual
Production Scheme.
Coming from a sound arts background, nowadays occupying a position
with obligations split between audio engineering duties and teaching
duties dealing with audio-design and interaction design-issues,
formulating and designing specific hardware solutions was not an
obvious or immediate task to engage. But during 2008 an opportunity for
potential funding for such a task led to initial research seeking to
establish at what level and in what direction an eventual further
development of the original prototype would seem feasible, -if at all.
First of all it was of great importance to look into and verify whether the
previously mentioned gap between Middleware and Of-the-shelf systems,
in terms of systems available, was an actual fact, and if so, whether this
gap represented a potential niche within the branch of sensor-board
systems.
Also it was important to establish some kind of framework clarifying
what perspectives such a product would have to be defined on the basis
of.
It is obvious that, when having to come up with custom-build designs in
order to solve specific tasks, it is with those tasks in mind the designs are
being realized. Therefore the design perspective had to be elevated from
the usual focus on designing for specific tasks, to a more broad definition
encountering a generalized perspective on design as domain- rather than
task-specific. One way of doing this was to look at the above-mentioned
theater-installation from that perspective in order to try to establish a way
to describe a generalized system.
So, how would a generalized system designed to meet needs similar to
the needs of the "De Røde Sko"-project look like, what features would it
have available, what design-specifications would have been met and at
what level?
To get an idea of that, and more importantly; to get an idea whether it at
all made sense to see such a product in a broader more generalized
perspective, a number of parameters where sought out in order to survey
areas where any kind of sensor systems potentially could be at play,
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exposing common threads and references.
So the following parameters where defined:
-Potential areas of use (teaching, arts, design, gaming, research,
dissemination/presentation, prototyping in general…)
-Potential arenas of use (schools, academies, workshops, exhibitions,
shows, R&D facilities…)
-Potential types of users (teachers, researchers, designers, artists,
musicians, engineers…)
-Events and activities signifying potential use (design, music, art,
education, conferences, fairs, R&D, production…)
-Information flow (of any kind) regarding use in general (webpresentations, advertising, social media presentations, hype,
communities…)
-Types of systems involved (referencing the former mentioned
classification)
The survey itself is not within the boundaries of this dissertation to dive
further into. Apart from mentioning that the point was primarily to clarify
what kind of work and what amount of work it would prove feasible to
invest –if any, all ready at the initial research level, and secondly, to
generate a kind of "proof of concept" in regards to the validity of the
project in respect to eventually granted funds.
Also using this top-down approach made it fairly easy to generate quite a
substantial amount of material, basically through the use of the internet,
in the research of what up un till this point had been less of a fact and
more of a qualified guess concerning the gap between Middleware and
off-the-shelf products.
What the survey revealed in relation to potential use, users, areas and
markets, was basically that the assumption all ready established, -partly
through working with practical application of the technology in question,
partly through teaching issues concerning same and partly through
participations, on a relatively sparse but steady level, at conferences,
workshops, seminars, courses and projects as observer, presenter, coorganizer and/or co-operator) over (at that time) a period of 15 years
virtually all over the world, -was confirmed.
It became indeed very obvious that the area of interaction design seen as
a whole has been and is in rapid growth, also branching into areas which
only a few years ago did not consider this kind of technology as a prime
issue in educational programs (to mention a few: architecture, a variety of
design schools, traditional music education, the music industry in
general…).
Equally important, this second more thorough research of systems used in
this growing area (the first was when trying to find an Off-the-shelf
product for “De Røde Sko”), did certainly reveal other products, but none
based on the design-approach that originally had been sought for.

	
  

13	
  

Concludingly, on the basis of the here described survey it was decided
that the center of DUL (Center for Digital Urban Living) [7]would grant
means for the development of a sensor-board system based on a
designerly approach, to a level potentially addressing a (so-called)
"version 1.0".
The project was to take place at The Alexandra Institute [8] and IMV
(Department of Information and Media Studies a Aarhus University) in a
joint cooperation. And the practical appliance of the project was to be
developed by engineers from Alexandra, the author (IMV) and eventually
a student-programmer from IMV.
Before going to depths with the design-approach itself and discussions of
perspectives on technological design in general, I will however firstly
bring into perspective a terminological view on terms related to the
principles of sensor systems technology in general.
Terminology.
To understand and evaluate how, where and if DUL Radio belongs in the
world, certain key terms in which the product can be seen in perspective
with will be defined and discussed.
The terms "Design", "Interaction" and "Cybernetics" have been chosen as
vehicles for setting the frame for such an understanding and evaluation.
It is not the intention to set DUL Radio up against these terms, to see
whether it “qualifies” or not.
Rather it is the intention that the term-definitions should act as an
underlying layer relating the discussed.
Specifically though, the discussion of the cybernetic term can be seen in
relation with chapter 2 and the discussion of the design term can be seen
in relation with chapter 3.
While the discussion of the interaction term must be considered in
accordance with the term´s bearing character in relation to the
development and use of such a system, thus this dissertation as a whole.
As shown in chapter 3 it is however an interesting, partly paradoxical fact
that, while a sensor hardware system – like DUL Radio, in itself does not
constitute interaction when in use. Digitally embedded physical
interaction design in general is not realizable without such systems.
Before discussing the terms it must be stated that it is the aim to trace
back the origins, if and when possible, and thereby defining a frame that
is based on what could be recognized as "first order" definitions of the
terms.
Arguments seeking to verify the validity of establishing a model of
perception based on the original (or primary or exactly first order) use of
these key terms, is thus as follows:
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DESIGN:
Firstly it has to be stated that no fully general definition of the term
"design" apparently exists according to the Cambridge English Dictionary
[9]. As we shall see several definitions on the term are offered, but
usually in relation to some context where the term is referred in a more
specialized or second or third order definition.
However, focusing on a potential first order definition of the term design
sets a precise, yet temerarious frame. Precise because, as we shall see, a
great variety of interpretations and perceptions on what design is, need
not be discussed, so instead of trying to establish relations between a
number of definitions and the DUL Radio. One single definition model is
chosen giving way to a more thorough evaluation. Temerarious for that
same reason actually; For the past 15-25 years a number of designdefinitions and models has been developed as vehicles for a deeper, more
refined and precise understand of what design is and can be seen as,
exactly and primarily, in the same digital domain that DUL Radio exists
in; Usability Design, Experience Design, Designing for Serendipity,
Ubiquitous Design, Designing Interaction, Designing for Exploration and
many more. In that way arguably justifying another perspective angle
than the one suggested here.
However keeping in mind that DUL Radio, even though being discussed
and evaluated as something designed, is also a tool for design. Therefore
the first order understanding of the term can be, and has to be, considered
as prime model, since the DUL Radio itself potentially can be seen as a
tool or vehicle for potentially all of the above-mentioned second and third
order definitions.
So with the risk of seeming quarrelsome, such a definition will be sought
for.
Looking into the origin of the term, might give a clue:
According to the Oxford English Dictionary [10]:
“Origin of the term: 16th century AD - (Latin: Désignäre - (to mark out))
in English, and French, where a 3-way split of form and meaning has
taken place:
Désigner: point out, designate, Dessein: plan, purpose, intention,
Dessin (dessiner): pattern, drawing
Only the last two correlates in modern English language with the term
design.”
So in current day de-facto Esperanto-lingo; namely the English language,
through it´s lending of terms like the discussed to virtually any other
language, the term design constitutes a dual definition:
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-On one hand, relating to the organization of given elements or parts of
such that when organized can be seen as a whole or as an element in
itself. In this sense the fashioning of, the reasoning of, the layout of, the
planning of, the structuring of, the devising of, the conceiving of, the
invention of, the formulation of, the contriving of, the creation of and the
making of any identifiable pattern defines a design-task. Even pre-active
conditions like "intention" and "assumed purpose" holds virtue of designpotential.
-On the other hand, the realization or extrapolation of such a plan or
scheme that is conceivable as a reasoned structure or frame defining the
unified element of elements as some kind of second to n-order
organization that gives purpose to, make sense, moves the unordered into
the ordered, gives it direction, gives it momentum, gives it dynamism,
giving it speed and thereby making it part of time thus giving it a past, a
present and a future, presents the initial plan in a way we can consider a
x-order realization. I.e. moving it from one dimension into x dimensions.
Accepting the above definitions (and understandings) of the term design,
produce thus two indications [11].
-One, hinting at why concepts like DUL Radio might not be seen
primarily in the context of a second or third-order definition of the
design-term.
-The other, pointing in the direction of the actual design of the object (the
hardware and software that constitutes the DUL Radio).
Regarding the first notion: In second and third order design-definitions it
could be stated that primarily the last of the two definitions is used.
Regarding the second notion; If DUL Radio are to be considered a tool
for designing; a design-tool for x-order design-purposes, the design of
DUL Radio should be seen in a first-order perspective of the design-term,
in order to discuss the ideas DUL Radio is based on, at correct level.
Another definition of the term, proposed by Ralph/Wand in the 2009
Design Requirements Workshop:

"…A specification of an object, manifested by an agent, intended to
accomplish goals, in a particular environment, using a set of primitive
components, satisfying a set of requirements, subject to constraints"
[12: Ralph, P. and Wand, Y., 2009, p. 109]
…Attracts attention when seen in relation with the term "Interaction".
Especially in defining the manifestation of a designed object to
specifications coming from an "agent", thus opening up the design-task
itself to something that potentially can come not only from a subject, a
human organism, but also from any system of any matter that given
certain conditions can or "will" full fill a design-task.
Therefore depending on how an item like DUL Radio is used or set up or
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prepared to interconnect in a given design-task, it can potentially become
an agent of design. That is, when understanding the term "Agent" as:
"Agency is the capacity of an agent (person or entity) to act in a world"
[12].
This given the fact that what actually establish an entity like DUL Radio
in the world is not the hardware itself. The hardware is in fact a virtual
"nothingness". It is "The Ghost in the Machine", the software, that
specifies what an item like DUL Radio is and/or can be.
This angle of perception will be more thoroughly pursued in the
paragraph on "interaction”.
INTUITION IN RELATION TO DESIGN:
Before an attempt in understanding the term "Interaction" is being dealt
with, a somewhat arbitrary "need" to get to grasp with matters not easily
described in relation to design, has to be considered.
Arbitrary because, with the focal point of this dissertation in mind;
namely the DUL Radio itself, originally intended as a down-to-earth
physical platform for hooking up sensors to computers, it can easily be
justified that considerations concerning the here spoken matter does not
have to be dealt with. However, in the course of trying to establish -and
to understand tracks and traces of how an item like DUL Radio is brought
to realization, it is certainly of the utmost importance to investigate what
lies beyond the physical realization. In other words: what constitutes the
design-process of this designed tool for design.
Therefore filing under "Design", one of several terms often addressed in
Design-writings, will be examined. Terms in this category could be
"Inspiration", "Creativity" and "Innovation". While these terms has been
offered definitions in relation to "Design" on several occasions, -all
though, mainly in relation to design-use, less in relation with designrealization [13], the term "Intuition" can be seen addressed on a
somewhat smaller scale, however, for example in [14].
Generally, “intuition” in relation to design refers to the use/userperspective of a given design: Is it intuitive in use? Etc.
However Nigel Cross6 for one, has offered a view on this and other
similar terms from, so to speak, "the other side of the table"; from the
designers, the creators, points of view.
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
6	
  Nigel Cross is Professor of Design Studies and Head of the Department of Design
and Innovation at the Faculty of Technology, The Open University, UK. An
acknowledged debater and writer on topics like Design Thinking, Design Processes
etc. Has among other places discussed the concept of Intuition in Design in his books:
“Designerly Ways of Knowing”, 2006, Springer Verlag + Business Media &
“Design Thinking: Understanding How Designers Think and Work”, 2011, Berg
Publishers
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When using intuition as a term in scientific research, one could first off
all argue that it is a somewhat unsteady road to set out on; when trying to
establish a solid understanding of what the term factually means, it is
difficult to find uniform and common ground descriptions.
According to the Oxford English Dictionary [10]:
"Intuition is the ability to acquire knowledge without inference or the use
of reason".
When trying to go beyond this, -if not shallow, then at least very general
definition, in the search of an established reference to the concept of
"intuition", it is observed that when consulting a philosophical dictionary,
at least seven definitions are classified, ranging from Platonian
epistemology to contemporary psychologically-based cognitive
knowledge definitions [15].
With this in mind, and considering the fact that it is not at all within the
realms or foci of this dissertation to dive into matters of extended
philosophies and certainly not the intention to raise opinionated debates
regarding this either, reflections based on observations regarding how the
term “intuition” is discussed are none or the less considered a topic of
interest, with the author also being the designer, in the case of DUL
Radio.
When trying to understand design, design-processes, the creative aspects
of creation - it is clear that something is at stake which is not easily
grasped and is not easily verifiable and thereby easy to describe and
establish as a model through or for research [16].
From a phenomenological point of view we as subjects can relate to what
terms like "intuition", "inspiration", "creativity" is and describes. We can
agree on the experiences they cover. But how and what lies behind the
labels is not easily shared as commons.
Therefore using them in relation with, -as we have seen, what can be
considered structured processes; namely the design-term itself, logically
addresses considerations of interpretation and analysis.
In "Natural Intelligence in Design", N. Cross, interprets "intuition" as of
being “abductive”, therefore as an inferential logic7:

"Given the apparently ad hoc and surprisingly nature of creative design
activity, it is not unusual for designers, when talking about design
thinking, to refer to the role of ‘intuition’ in their creational process.
For instance, the engineering product designer Jack Howe has
commented:
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I believe in intuition. I think that’s the difference between a designer and
an engineer... I make a distinction between engineers and engineering
designers... An engineering designer is just as creative as any other sort of
designer.
[14: Nigel Cross. 1999, p. 29],
This emphasis on ‘intuition’ is perhaps a bit surprising, coming from
someone with a reputation for rather severe, rational design work. But I
think that the concept of ‘intuition’ is a convenient, shorthand word for
what really happens in design thinking. The more useful concept that has
been used by design researchers in explaining the reasoning processes of
designers is that design is abductive: a type of reasoning different from
the more familiar concepts of inductive and deductive reasoning, but
which is the necessary logic of design—the necessary step from function
to form."
(Quoted from Davies in Cross. [17] in [14], 1999, p. 29)
As Cross states, abductive reasoning has been manifested as a means to
design by design researchers, but when he interprets "intuition" to be
abductive, he arguably interprets the term "intuition" in a way that quite
possible circumcise the actual meaning of Jack Howe´s statement.
The understanding of the term "intuition" is as stated, not uniform.
Cross´s definition is, as understood by this author, probably based on a
perceptual phenomenological ground. In the sense, that his interpretation
contains the need for inferential logic that is not deductive.
Now, it can be postulated that intuition as an inspirational vehicle comes
from somewhere else.
The dividing point is between the concept of phenomena and that of
noumena.
Noumena, is not perceptual sensed like phenomena. It is rather posited
through a hunch or through sensation. With no inherent cognitive activity
present, at the very moment of noumena.
As also seen in [15], this understanding dates back to Schoepenhauer.
In “Schoepenhauer & Husserl: Critiquing the 20th century
Phenomenological Tradition”, Marc Hanes - in accordance with
Schoepenhauer, links this to the concepts of “know” and “will”:

"On the other hand, the individual who considers the human as knower
conceives of reason as the source of motivation for intentions, and will
as the tool to put plans into motion. When Schopenhauer reconfigures the
human as a willer he reverses this hierarchy and views motivation not as
coming from the will, but as an observation of the will, the noumenal
within the human: “motivation is causality seen from within” (FR, 214).
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When one views oneself as a willer rather than a knower one understands
that there can be no “knowledge of knowing”" [18: Marc Hanes:
“Schoepenhauer & Husserl: 1994, p. 9]
This means that conceiving an intuition as something understood, in this
sense of the term, can not be reasoned. As extrapolated by Hanes:

Here we cannot help but intuit a suprasensual level of our being,
one beyond empirically based reason and science." [18]
The Schoepenhauer conception of “intuition” predates the
phenomenological conception as conceived by Husserl and later on
Merleau-Ponty. But as seen with Hanes as well as with present
psychological interpretations of the term “intuition”, it is also a
contemporary definition [19].
So, what Howe expresses can therefore just as well, given this view, plus
actually also in accordance with how the term is must commonly used by
laymen; i.e. as something before or beyond reasoning, be interpreted as
Howe´s way of defining what is not (necessarily) cognitively reasoned
but rather sensed through sensation when experiencing the design and the
interconnection with the design-process itself.
As seen in the design-definition paragraph the structuring and there after
realization is generally considered to be cognitive tasks. We understand
and build models of perception through cognition.
But as Howe hints there is something else at stake, something that he
even sees as a design-virtue; it is intuition that separates his work and the
work of the engineer.
Another argument for understanding the concept of "intuition" in Howe´s
statement in the suggested way can also be found in his linking to the
concept of "creativity".
In this respect a third indication (the other two generated from the
original definition of the term “Design”) of what also constitutes design
can eventually and potentially be established:
Namely non-cognitive, potential sensationally or otherwise perceived
notions and/or information from the design-task, and quite possible also a
similar communicative sort of correspondence between the design-task
and the designer during the processes of designing.
So when a designer like Howe uses the concept of "intuition" to describe
a part of his process of work it is quite possible not meant to be
understood as "design thinking" or as a "reasoning process", as Cross
states, but as something beyond that.
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In fact when looking into the term "Design", it is obvious that the needed
cognitive definition-, structuring- and realization-processes is postinitializing reflective processes based on something else. This something
else being an initializing hunch, observation or sensational recognition.
And more importantly; quite possibly these different elements of design
processes do not exist in a linear nor any hierarchical order, but crossreferences each other simultaneously, letting notions and/or sensory
perceived information inform each other, inform cognitive processes and
vice versa.
INTERACTION:
Interaction, when defined as "reciprocal action, effect, or influence of
persons or things on each other", relates very much to how the term is
typically used in media science and in design [10].
Therefore, interaction understood in a design-context relates less to form
or material/materialization and more to behavior in a reflective and/or
sensory manner. Underlying Interaction, some sort of communicative
level between subject (or potentially agent) and whatever object - virtual
or real - the subject/agent is relating to, must be set to action to constitute
interaction. [20]
In Interaction Design, more often than not, this communicative level
consists of state-elements being executed when certain conditions are met
and thereby typically establishing new sets of conditions that when met,
are ready to set the next state into action etc. etc. (See the Cybernetics
paragraph as well).
This is certainly the case when the designed interaction is digitally based.
The most common understanding of the two terms Design and Interaction
when inter-related, is as explained by Bill Verplank8 [21 + 22] sets of
stimuli/response dynamics between the subject and the object. As
mentioned it can be argued that this happens at a communicative level,
since the design of these stimuli/response dynamics have the mentioned
state/condition-sets built into them and thereby constitute some sort of, if
not "reflective" then certainly intelligible mechanism resembling what
potentially could be compared to elements of humanistic behavior.
In "What is Interaction? Are There Different Types?" [23], Dubberly
et.al. survey a variety of interaction-models, among others Verplank´s
"How do you…feel-know-do?" model.

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
8	
  Bill Verplank, designer and researcher focusing on the Interaction between Humans
and Computers.
Together with Bill Moggridge he coined the term "Interaction Design".
Gained fame as one of the initial designers of the so called "WIMP" interface
(Windoes, Icons, Menus, Pointer), at Xeroc Park in the 1970´ties.	
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Figure 4: Bill Verplank´s Interaction Model (from Dubberly et.al.)

In trying to establish a refined and extended definition of the term,
Dubberly et.al. states, as pointed out by Meredith Davis [23: in
Dubberly et.al.] and Richard Buchanan [23: in Dubberly et.al.]
that;
"…Interaction is not the special province of computers alone".
Davis and Buchanan suggests that
"… Artifact-human interaction (could) be a criterion for evaluating the
reults of all design work". [23: in Dubberly et.al., 2009, p 69]
It is beyond the frame of this dissertation to discuss the further
consequences of this suggestion, -all though a pointer reflecting on how a
digitally-based system compared to any analog or other physical system
constitutes a major paradigmatic shift in the perception of the term
interaction, - as formulated by Dubberly et.al.:
"Is interaction with a static object different from interaction with a
dynamic system?”
-certainly put the matter into perspective.
Examining the models brought forth by Dubberly et.al. show how a timeline development can be tracked from simple self-correcting systems9,
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
9	
  What is termed first-order cybernetic systems - Wiener etc. ca. 1930 –see the
Cybernetic term discussion.	
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over models taking into account the ability of digital systems to not only
be self-correcting (not a digital virtue) but to evaluate conditions and
make decisions based on the evaluation using feedback loops (so-called
state machines [24]) to a suggestion by the authors regarding a "SystemsTheory View" :

Figure 5: Types of Systems (from Dubberly et.al.)

In this Systems-Theory View two elements will be pointed out here:
1. The incorporation of what is NOT to be (by the authors) considered
within the scope of the term "Interaction" but should however still be
considered to be classified together with the term. For example; one of
the authors, Usman Haque on reflecting on Web page-based "interaction"
typically consisting of hyperlinks, states that this is in fact not interaction,
since it is build from automated tasks, and should instead be coined
"Reaction"; there is no inter-reference constituted in the system:
Usman Haque: "In "reaction" the transfer function is fixed, in
"interaction" the transfer function is dynamic" [23: in Dubberly
et.al., 2009, p 70].
2. A definition and formulation of systems combinations incorporated in
the theory evaluates a number of possible combinations, giving a good
view on how potential intelligible conditioning can be managed in an
advanced interactive system. One refinement is how an expansion of the
cybernetics-model is extrapolated into the theory, showing how
potentially x-order learning systems that not only learn from the
interacting subject, but also from each other can branch over into what is
compared to "peer-to-peer conversation".
This is what Gordon Pask refers to as an "I/you-referenced interaction"
[25 in 23].
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Thereby the authors point out how the generic first-order cybernetic
model can be seen as a prime-element in an abstracted understanding of
the term interaction that relates more to conversation than to reaction or
the standard understanding of the term as one or a set of feedback loops
[26].
CYBERNETICS:

Figure 6: A Generalized Cybernetic model.

A sensor-based system can be evaluated from several perspectives. In
other words; a sensor-based system can be seen as a manifestation of a
number of models.
One primary model is the model of “Cybernetics”, where the sensory
analog values registered by the sensor are to be considered as the input.
In the development of the Cybernetic Model in “Cybernetics or Control
and Communication in the Animal and the Machine” [27], Norbert
Wiener states that the model precisely do not describe an entity in itself,
but both a set of elements with different properties (input, computation of
input, feedback, output etc.) and as something that is
cross-domain verified, as in his example describing an anesthetic
apparatus based on the monitoring of brainwaves.
The understanding and popularization of regulation systems involving
feedback was defined by the mathematician Norbert Wiener [28].
Cybernetics draw it´s model of a systems perception from two tracks;
One is the regulation technique directly traced to "the governor", -a
pendulum governor controlling the speed on steam engines developed by
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James Watt in 1788 [29 + 30]. The principle for this sort of dynamic
system; the principle of "proportional regulation", is in fact some
thousand years old, with the most cited example being the Greek inventor
Ctesibios self-regulating water clock [31].
The other track is the principle of "the automatic controlling machine" or
"the automatic computing machine" [28] as the basis for the so-called
feedback loop.
As expressed by Norbert Wiener:

"… it seemed to us a very hopeful thing to make an automatic
feedback control apparatus in which the feedback itself was carried out,
in large measure, by successive switching operations such as one find in
either the nervous system or in the computing machine" [28].
The former was based on knowledge concerning pathology of the
cerebellum (the small brain), known as purpose or cerebellar tremor:

"It was the fusion of these two ideas, each of which has a human or
animal side and has a machine side, which led to Cybernetics." [28]
In [28] Wiener gives special mention to the work of Claude Bernard and
Cannon, concerning the principle of "homeostatic mechanisms", an
understanding of organism based on a model of regulatory principles, that
through automated regulations based on an evaluated feedback loop
between the input (measured conditions in the organism) and the output
(responses from the organism that alters these same conditions in a
second order flow) continuously balance the organism.
Articulating the functions of the homeostatic mechanism in an organism,
-in the human body, and how these mechanisms can lead to the
Cybernetic Model, brings Wiener to discuss and exemplify how these
similar principles can be seen as unified systems bringing homeostatic
body functions to control machine-domain elements in a merged
cybernetics model.
Therefore the cybernetics model can be seen as a concept of machined
sensory perception and as something potentially integrated in larger
systems, and not a property to be evaluated singularly.
As established in Dubberly et.al.[23], the concept of the cybernetic
model can be seen as the basic element in a unified model of Interaction
Design since the Cybernetic Model can exist in any given number of
orders, regulated by it own internal conditions or by external conditions;
being that of homeostatics, i.e. human interference, or any other first
order cybernetic system.
Depending on the x-order and thereby complexity of any given
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cybernetic based system, simulations of intelligence can occur. As
expressed by Dubberly et.al., on the basis of Gordon Pask´s Conversation
Theory;

"…there is room for choice on the respondent´s part. Furthermore the
systems learn from each other, not just by discovering which actions can
maintain their goal under specific circumstances (as with a standalone
second-order system) but by exchanging information of common interest,
they may coordinate goals and actions. We might even say they are
capable of design…” [23: Dubberly et. al., 2009, p. 75]
It that respect it can be mentioned with interest that the Australian
philosopher Tim van Gelder in his work on Dynamical Systems Theory
argues that the James Watt governor is:

"… a better metaphorical description of the way humans think than a
Turing machine-style computer".
[32: van Gelder, T., 1995, p. 345-381.]
It should however be stated that van Gelder´s point of view has raised
considerable critique from among others Chris Eliasmith [33].
Interestingly enough though, Dubberly et.al., with their advanced model
of Interaction can be seen, potentially unknowingly, to bring substance to
van Gelder´s theory. Establishing connection between Pask´s view on
cybernetics and their own model, show how cybernetic based systems
indeed can be capable of intelligible decision-making, given the right
circumstances; the right software.
Summarizing.
When summing up the effort trying to establish a terminological frame
the creation of DUL Radio and the actual object itself can be evaluated
from, it can be noted that:
DUL Radio is a designed object as understood in the more prime
definition of the term. It´s design is based on 3 indications:
One of Intuition based on a notion or “feel” or sensation, that is
manifested in the aspects of DUL Radio that sets it aside similarly
classifiable systems.
One of a Structuring process and one of a Realizational process.
It is a designed object potentially capable of design. This potential is
based on the fact that DUL Radio can interact with it´s surroundings
depending on the complexity of the affinity between it´s external ability
to register and it´s internal ability to self-regulate and thereby affecting
it´s external ability to register as well as it´s internal ability to selfregulate…
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In other words; A unified system bringing homeostatic body functions to
control machine-domain elements in a merged cybernetics model.
-That, when complex enough can act as an input on itself as well as other
(similar) entities of “itself” and thereby form a network of pairs of
internal states and external inputs/outputs capable of “conversation” and
thereby potentially design.
Consequently; when designing interaction; the glue between the design
and what makes it interactive holds a cybernetic virtue.
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CHAPTER 2.
COMPARATIVE RESEARCH, A MODEL of CATEGORIZATION
A Historical note concerning the Technology involved.
First of all it should be noted that the categorization suggested in this chapter
focus on differences from an applicational point of view that seek to exemplify
why technologically similar systems should (also) be recognized in accordance
to difference.
One similarity of these systems, the prime identifier, is that they all fall under
one overall category; They all qualify to be Cybernetic Systems.
They do so in the sense that registration is possible typical via transduction of
phenomena - be it light waves, humidity, sound waves, pressure, a magnetic
field or other kinds of physical phenomena - to a measurable voltage that
ultimately are converted to digital formats, thereby constituting the input
element of the cybernetic model.
As we have seen, some sort of susceptible system that can change state also has
to be present.
And finally the result of the susceptible systems reaction to the measured inputs
constitutes the third element.
The description of the Watt governor as a cybernetic model indicates that the
susceptible element do not have to involve what we normally would assume to
be inherent in a decision-making system; namely some sort of ability to
calculate state-condition and therefore some sort of memory to handle the
calculation and the condition-variables.
As stated by John Steinbruner:

"The decision-making capacity of the Watt governor, it has been recognized,
exists in the fact that it sets up a structured feedback loop between the speed of
the engine and the degree of the throttle opening. It serves to focus decisions
about throttle openings on a single variable (speed), which is itself a function of
the throttle´s action. Obviously, in this decision mechanism there is no explicit
model calculating the effects of the engine speed and relating these to basic
preferences to derive an optimal speed. –
…The fact that the process of decisions can be embodied in a mechanical device
is tribute to the degree to which intelligence functions can be trimmed and still
yield successful decisions. The Watt governor is an extreme case of the simple
cybernetic decision maker, but as such illuminates the divergence in
assumptions." [34: Steinbruner, J.D. Chapter 3; The Cybernetic
Paradigm p. 52 1974]
As seen here; even though classifying to be a cybernetic system, that same
system has to engage certain types of complexity to become apt at doing what it
is supposed to. In the case of the Watt governor these types of complexities are
actually present, but not as part of the mentioned singular cybernetic system
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itself: It is the steam-machine engineer that does the "calculation" in regards to
the span of the mechanism that controls the speed of the steam-engine. Likewise
it is the engineer that register whether the steam-engine is fueled enough to keep
up speed at all.
As Steinbruner puts it:

"The simplest cybernetic mechanisms do not confront the issue of variety at all,
for they make no calculations on the environment"
[34: Steinbruner, J.D. Chapter 3; The Cybernetic Paradigm p. 52
1974]
So, either somebody –it could be the designer-, or something, has to calculate
the environment to make the system become efficient and produce valid and
useful state-based results. In the case of the Watt governor, the steam-machine
(the environment) is sensed by the engineer.
When looking into calculating ability, one realizes that machined calculations
are not of new origin.
Mechanical calculators date back several hundred years [35]. And with the
invention of an automated weaving machine by Jacquard as early as 1801 [36],
where wooden plates with holes arguably can be seen as substitutes for
memorized weaving-patterns that the machine "understands", therefore as some
sort of repository or "memory", it is clear that the considerations concerning the
ability to not only have artificial horse - or man - powers handy for humans, but
also the ability to equip these physical powers with some sort of artificial
intelligible power has been desired for many years.
However, not before well into the 20´th century these two powers where merged
in a manageable way.
First of all the memory needs to be "Randomly Accessible", one could say it
needs to be "active".
Passive or "Read Only Memory" extremely similar to the kind invented by
Jacquard more than 200 years ago has been used all the way up into the
1970´ties (at least), in the form of punch cards. But that kind of memory is not
readily accessible for calculation or computation.
Randomly Accessible Memory or active or dynamic memory is based on access
to electricity, it cannot be mechanically based.
From around 1930, a variety of systems to store patterns of electrical pulses that
could be retrieved by calculating or computational machines as variables or
algorithms from these memory systems for evaluation, and then writing the
results back into the memory system, were being developed at several places.
The most common; The Drum memory, was developed in several variations;
typically as metal drums coated with ferromagnetic material. Also magnetic
cores and different kinds of cathode tube-based systems has been developed and
used from the 1930´ties through to the 1960´ties, where finally, semi-conductor
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technology took over.
Nowadays the sizes, speeds, abilities and complexities of the systems are of
quite different proportions than the original computational machines of Zuse,
Atanasoff, Turing etc. But the principles remain the same: A mechanism that
executes the stored conditions based on inputs that basically can come from
everywhere and everything.
Small Computers.
One other similarity shared by the systems here looked upon, is that they are in
fact all small computers. Also therefore it is important to see and understand
them in a historical context.
The principles for the registrations, evaluations and reactions or interactions of
any modern electronic device, like an iPhone, for instance, are by no means
new. An accelerometer reading that turns the iPhone into a leveler is basically
similar to the Watt governor, with exactly the one difference that it actually has
an advanced susceptible system that calculates the environment!
Looking at the development of computer power and memory-size versus size of
hardware, it is evident and basic common knowledge that the technological
development during especially the last 30-40 years has made it possible to
incorporate calculative and computational power in a previously unpredicted
manner.
Likewise, with the ability to transfer collected data - the registrations of
phenomena for instance - or evaluated data, be it through wires or through
space. Also here the efficiency versus the amount of energy needed to execute
the transfer has technologically been increased multifold during the last decades.
10
And it has all been based on the development of semi-conductor technology.
One result of this, is that the concept of the generalized or "universal" computer
as we know it; firstly, from the "personal computer" [37] based on
microprocessors11, later on, from the mobile computer (laptop, notebook) and
eventually, from the used-to-be-cellphones-now-turned-computers like the
iPhone, has expanded and to a larger and larger degree includes types of
computing devices that, - like the cellphone, until recently were considered
specialized devices with specific computing task not in anyway related to the
generalized concept of the personal computer.
For obvious reasons like price and the physical sizes of hardware-elements, the
fusion of a generalized perspective and specialized systems, was not until
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  In 1965 in Electronics Magazine, Gordon Moore from Fairchild Semiconductor
predicts that transistor density, on integrated circuits will double every 12 month for
the next 10 years. -This has been evaluated to every 18 month in 1975.
From: http://www.islandnet.com/~kpolsson/comphist/	
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  The first microprocessors were developed around 1970.
[http://en.wikipedia.org/wiki/Microprocessor]	
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recently an option to evaluate or consider. However, this is changing fast.
Obviously very specialized computing devices or computational systems as well
as extremely specialized integrated circuits that are to only master one or a few
tasks is and will always be in demand. For example, in highly specialized
security and/or weapon systems.
Until recently, an obvious reason for limitations regarding more generalized
expansions in such systems, was that it would compromise resources like speed
(processing time) and memory. These concerns is actually not an issue now a
days, with the smallest operational GHz-processors approaching sizes measured
12
13
in nanometers and memory elements comparably small .
Another more important reason for maintaining a production of classified
specialist systems, is that the more tasks a system need to operate
simultaneously the higher is the statistically risk for programming-errors. Even
in self-organizing systems – i.e. self-correcting systems -, the first elements –
the basic algorithms and calculations -, are always created by man.
However the accessibility approaching virtually unlimited speed, memory and
space (because of the diminution of the physical components) for more and
more computational systems, continuously expand the possibilities in regards to
turning virtually any processor into a generalized system, not devised to handle
one specific task, but potentially many specific tasks in generalized lay-outs.
This also goes for sensor-based systems. Tasks that just a few years back
basically had to be based on highly specialized systems to be solved, because of
the limitations in technology, can nowadays easily be solved with systems not
necessarily build with a certain specified task in mind.
An obvious example is of course the tracking of the shoes in "De Røde Sko".
The more generalized DUL Radio system can, among other tasks, also solve this
task easily.
The DUL Radio predecessor was however developed with exactly that
task in mind. So another less personally biased example could be
"Dansedragten" (The DIEM Digital Dance Suit) [38], a highly
specialized wireless system to be mounted on dancers for movement and
gesture tracking. It was developed in Aarhus, Denmark between 19972000 at DIEM [39]. The initiator, composer Wayne Siegel, was
concerned with correct tracking of ballet dancers refined gestures, but did
not want to neither equip the dancers with awkward and restraining
wearable technologies nor having to mount exposed tracking systems in
the dance venues. After testing several systems he ended up devising his
own system, build by engineer Jens Jakobsen. The development of the
system received substantial funding from the Danish ministry of science,
and succeeded quite well. It was commercialized and sold a number of
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  http://www.itworld.com/hardware/153661/ibm-shows-smallest-fastest-grapheneprocessor	
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  http://lamp.tu-graz.ac.at/~hadley/nanoscience/week1/1.html	
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copies over the years, until becoming obsolete, precisely because of the
continuous technological development previously mentioned.
What is worth noticing here is, that a system like DUL Radio developed
between 7-9 years later for substantially fewer means, quite easily can
accomplish what the "Dansedragten" did, and with better performance results on
a number of parameters.
Also, not just one specific tracking method can be examined using DUL Radio.
The "Dansedragten" tracked gestures with flexible sensors that measured the
continuous bending of the dancers joints in six various areas of the body. This is
also possible with DUL Radio, it is however also possible to use other sensors,
for instance 3D accelerometers, or both at the same time, thereby extracting a
synchronous set of data revealing other aspects of movements and gestures
simultaneously.
What vaguely becomes apparent here is that when the accessibility to virtually
unlimited speed, memory and space becomes a reality, other kinds of
considerations are needed, when comparing with the creation and use of
specialized systems.
Considerations concerning, not the task itself, but rather an awareness and
attention concerning elements that constitute the type of task in mention, thereby
potentially addressing other tasks of similar type. Or maybe not even
considerations regarding the type of task but eventually (and perhaps ultimately)
generalized descriptions of the environment the system exists in and thereby
creating a (potentially) robust prediction of any kind of task and/or challenge
possible in that particular environment. Thereby in this manner preparing the
system for reaction or interaction through these more generalized means.
This leads to aspects concerning the design of systems. It also leads to aspects
concerning how to understand and categorize such systems.
What is of interest here, and will be examined in the following, is how the
differences between a still very dominant systems perception based on
specialization and these new possibilities based on technological development,
at the same time blurs and give way to a categorization of systems, that DUL
Radio can be compared to.
Aspects relating to this paradigm are also discussed in chapter 3.
Categories and Middle of the Road.
What fairly quickly become obvious when a novice starts to engage in sensory
technology, is that the background and the professional skills and knowledge,
defines at what level and what kind of system that person will end up using.
Interestingly, it is typically not through trying consciously to understand the
concept of sensor technology and the role of the computer in that context,
choices regarding what system to utilize are established.
More often than not, it is specialized systems that are configured to be
comprehensible from specific points of profession the market proposes a person

	
  

32	
  

wanting to obtain such a system14. Or it is by word of mouth or through
recommendations from learning-institutes etc.
One can argue that this is quite obvious. It makes absolutely sense that a
musician wanting to expand her performance through the use of interactive
sensor-based technology for hybrid instruments creation should not have to go
through the pains of, so to speak, specializing a generalized system, or, for that
matter, adapting a specialized system perhaps created and optimized for the carindustry to full fill her needs.
So not only systems designed for specific areas of tasks are needed, they often
also have to have an ease of use, to become satisfiable tools for the skilled
musician yet technological newbie.
This leads to fundamental differences in different systems. Differences, actually
not technologically inherent.

Figure 7: A typical graphic figure of a sensor-node system.
Explanations: "DC-DC" is voltage rectifying of power, "ADC" is conversion of analog to
digital format, "MCU" is the micro-controller.
[Figure from: Sensor Networks: An Overview. Archana Bharathidasan et.al.,
Dept, of Computer Science, University of California.]

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
14	
  This is noticed when different professions are observed. In music professions,
products for sensory interaction present themselves compatible mainly through the
use of the MIDI protocol, instead of giving the user options to choose from. Options
as easily implemented in the systems. Same can be said in lightning design, where
DMX is the dominant protocol.	
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Figure 8: The actual hardware layout on the DUL Radio Sensor-board here presented, not
as a scheme, but with labels on the actual components:
Explanations: "Input 1" & "Input 2" is the analog sensor-ports for external sensors and
"Battery CR2032" is the DC-power battery housing mounted on one side. On the flip side is
mounted the “Microcontroller”; an integrated Atmel ATMega168 circuit (MCU)) containing
ADC´s, memory and processor. "Transceiver" & "Antenna" are the radioelements and finally
there is onboard (internal) digital sensors (for now only one 3D accelerometer) mounted as
well.

As seen in figure 7 and 8, even when not comparably schematized, it is easy to
see that the de facto elements of an integrated sensor-board, whether be it nodes
specialized to obtain data under harsh climatic conditions or a system for
tracking a dancers graceful gestures, basically are the same.
An easy but probably also obvious comparison could be to vehicles based on
explosive or internal-combustion engines. As versatile and/or highly specialized
they get, they principally are dependent on the same kind of energy-tomechanical-motion conversion. They might not even move using the same kind
of mechanism or in the same kind of element; a submarine, a snowmobile, an
airplane are all vehicles that (still) depend on similar engine-technology.
But as with engine-driven vehicles, the appliance of the technology can be quite
diverse. And as with engine-driven vehicles, it is typically the diversities that are
used as classifiers when categorizing.
The same approach will be conducted on this chapter; it is the differences in
appliance that justify a categorization.
Here the sensor systems exemplifying the differences are grouped in two
categories, with a third aspiring yet-to-be category.
It is certainly not all systems or types of systems that has been researched that
will be presented or categorized. For one, it is beyond the scope of this
dissertation to go to depths with such a task; at times it seems like the number of
different and/or new systems are multiplying with an exponential factor on a
time-scale.
Therefore certain criteria has been set in regards for systems to "qualify" for
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categorization:
1. Firstly, only systems that are in some way commercially available - or to the
best of the author´s knowledge are commercially available - has been
categorized.
Certainly, awareness of systems related to the categorized systems, for instance
systems created for research purpose, or - as in the case of the system originally
created for "De Røde Sko", systems custom created for narrowly defined task,
are present. However since the development of DUL Radio from the start has
been focused on whether the development of the system according to the
proposed descriptions would be commercial feasible or not, precisely this angle
of research has high priority, leaving out non-commercial custom systems.
2. Non-wireless systems are not included
3. Systems similar to "Dansedragten", that are technologically obsolete, whether
still commercially available or not are not included.
4. Systems, also similar to "Dansedragten", that have been created to solve
narrow and/or certain specific tasks in mind, whether commercially available or
not are not included.
5. Also not included are OEM-certified systems. Highly specialized systems for
weapons, pollution tracking etc. Typically developed by third party companies
for embedding or installation in products or equipment that base a certain
functionality on some kind of sensor feedback system.
A wireless car lock system typically embedded in the car-key, would qualify in
a potential OEM category.
As stated in in the paragraph "Comparison with related products" in the
TEI2011 Work-In-Progress-Paper "DUL Radio: A light-weight, wireless toolkit
for sketching in hardware" [6], as well as the later research mentioned in
chapter 1, reasons for categorization relates to the research that goes back to the
original custom-designed system that inspired the development of DUL Radio.
A research with the aim of tracking down a product commercially available that
could full fill the needs of the original task.
Yet another element that has been researched also used in the categorization, is
the clarification regarding the features realistically available for implementation
in the proposed system. This was done by seeking out what components and
what combination of components would seem feasible when trying to create a
product that focuses ease of use, comes cheap as well as having other similarly
consumer-oriented features, features that relates to the first category we shall
call "Off-the-Shelf Systems".
This combined with features that will qualify for the other category, that we
shall call "Middleware".
As well as features, such as onboard sensors, small size, time-out and other
power-saving algorithms as well as duplex communication. [40].
OFF-THE-SHELF SYSTEMS:
Off-the-Shelf systems are potentially Plug & Play solutions aimed at certain key
areas like interaction design, electronic music, installation art etc. Even today
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(as of summer 2011) there are still not many Off-the-Shelf Plug & Play systems
available that features seamless wireless transmission of data, not to mention
robust power-handling etc.
Basically all systems, known to the author at least, are centralized systems that
have all sensor inputs and eventual actuator outputs mounted together, which
typically adds substantially to the size of the system. More often than not, they
are based on older but cheaper technologies to favor robustness and perhaps
sales price, which also typically means that they are not wireless.
As mentioned previously, the systems discussed here are basically small,
specialized computer systems. Therefore the core software level is as important
as the hardware running that software. Code for microprocessors are not
necessarily (sometimes though [f.ex.: 41]) named, described as or considered
to be what is termed Operating Systems in generalized computers, as we know
them. But it is. On Off-the-Shelf products the operating system running on the
microprocessor is usually basic and not equipped with many pointers for
potential parameter interaction from user level, if at all. Typically there are also
no open software front-end for customization of the feature sets implemented in
systems. What they can do, they do well, with an ease of accessibility for the
user, but on the expense of adaptability, also at software level.
Systems that come closest to DUL Radio are:
-Company: Eowave: System: eobody2 hf [42]:
Wireless interface with 16 sensors per transmitter, 1 transmitter per 1 receiver.
12 bit,
Meets IEEE 802.15.4 (ZigBee) standard. Size: Large (pouch size: 105 x 95 x 10
mm, board size: 6.5 x 6 x 1 cm incl. battery). Battery lifetime: not estimated.
-Company: Eroktronix: System: MidiTron [43]:
Wireless Interface to MIDI. Up to 10 analog or 20 digital inputs, 10 bit
900 MHz FM (not ZigBee). Size: Transmitter ca. 6 x 3.8 x 3.8 cm (incl. battery).
Battery lifetime: not estimated.
-Company: Infusionsystems: System: Wi-microDig [44]:
Wireless Bluetooth interface, 8 analog inputs, 10 bit. Size: 2.5 x 2.5 x 8 cm
(incl. battery). Battery lifetime: estimated to 4 hours (9 V).
MIDDLEWARE SYSTEMS:
Wireless middleware systems are systems usually based on the IEEE 802.15
classifications of wireless personal area networks (WPAN) - primarily Bluetooth
(IEEE 802.15.1) [45] and Zigbee (IEEE 802.15.4) [46] Systems that often are
designed for potential implementation in OEM products, but generally have a
higher level of interfacing and therefore typically are used in prototyping
schemes and technical design schemes.
Features focusing on energy consumption optimization, scalability (small is
good), mobility, stability [47] is of great importance.
Unlike "true" OEM systems, some kind of software-interface is typically
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implemented in the micro-controllers, either proprietary-based or Open
Source [48, 49, 50 ]. This means that there is access to the operating
system at various levels, from the ability to set specific operational
parameters to writing completely new software to the system.
Therefore, adaptability and potential development of feature sets for certain
specific task not necessarily inherent in the software implemented by the
producer, as well as building up more generalized views on the software´s taskhandling, are given way.
But what then becomes obvious is that the ease-of-use and/or ease-of-access to
these features are non-existing. They are for soft- and hardware specialists to
tinker with, not the non-technical - yet in other fields competent - user.
The Middleware systems here mentioned are examples of systems inspiring the
adaptable essences inherent in the DUL Radio design:
-Company: TECO PARTiCLE: System: zPart (formerly Smart-Its) [51]
Prepared for add-on sensors,
Zigbee ready.
Size: 3.5 x 2.8 cm.
-Company: gumstix: System: Overo Wireless [52]:
Multifunctional Interface w. 6 analog inputs, 6 pwm outputs, camera input,
No direct connections; needs external modules for sensors etc.,
Based on the Overo Bluetooth or FM (900 MHz).
Size: 5.8 x 1.7 z 0.4 cm (without battery).
-Company: Phidgets: System: Phidgets SBC [53]:
8 analog inputs, 8 pwm outputs, 8 digital ports
Wireless connection based on 900 MHz FM
Fully functional single-board computer w. 64 MB RAM
Size: No measurements but relatively big.
IN-BETWEEN SYSTEMS:
As mentioned, a third aspiring category, which could be termed "In-between
Systems" will be discussed as well. A certain reluctance towards simply
addressing the systems in mind here as a third category, is grounded in the fact
that we basically have one system - or one branch of systems present:
The range of systems based on the Arduino platform [54, 55].
The Arduino platform is, as expressed in "Arduino: An Open Electronics
Prototyping Platform" exactly that:

"Arduino is a platform for prototyping interactive objects using electronics. It
consists of both hardware and software: a circuit board that can be purchased at
low cost or assembled from freely-available plans; and an open-source
development environment and library for writing code to control the board.
Arduino comes from a philosophy of learning by doing and strives to make it
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easy to work directly with the medium of interactivity. It extends the principles
of open source to the realm of hardware, supporting a community of people
working with and extending the platform." [55]
A number of issues set´s the Arduino platform apart from any other type of
sensor-board system. As stated, it has both open source soft- and hard-ware.
Anybody skilled with a soldering iron and with code-knowledge can essentially
produce an Arduino board.
Arduino is a grand concept with widely available and easily accessible online
capacities in regards to tutorials, code, schemes for development based on an
unprecedented huge worldwide community primarily connected via the central
website arduino.cc.
The community, nowadays both consist of independent developers of code and
hardware present in huge forums, as well as of educational institutes. Also
private companies producing a of number of different Arduino platforms with
quite diverse features [Fio, Nano, MiniPRO, LilyPad to mention a few]
under a Creative Commons Attribute License [56] are embraced - also by the
original Arduino developers, as part of that community.
Arduino´s development has from the beginning been based on the principles of
openness. As expressed in the following manner by some of the initiators of the
platform:

"Open source projects often gather strong communities of people working at
many levels: some work on the core code, others contribute small extensions,
still others write documentation or offer support, with the majority simply
making use of a quality product..." [55]
"…Can we apply the principles of open source to hardware and electronics?
What does it mean to make a circuit board, which is open and extensible, but
still usable with little effort? How can we make working with electronics easy,
cheap, and quick? These are some of the questions that led to the creation the
Arduino prototyping platform." [55]
The result of this idea and effort is quite obvious for everybody with just minor
relation to or knowledge of sensor-based systems. Arduino has become an
unprecedented global success.
Arduino boards are and has from the start been very cheap to obtain and the
freeware interface to code them in, present - at first sight - an easy way to do
whatever you feel like with a sensor-board platform.
As mentioned, a huge community not only supplies answers to basically any
question one might bring to the forums, it also give access to freely available
code to any task imaginable, gladly shared by skilled users with the rest of the
community.
The incongruity between the Arduino platform and the before mentioned
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categories, as well as the reason for the potential term "In-between Systems",
can be found in two concerns.
The first concern is that the Arduino platform in general attracts many kinds of
users with a diversity of backgrounds because of the above-mentioned reasons.
All though not meant to be a product aimed at users encompassed by the prime
target groups for the Off-the-Shelf category products - and the authors of
"Arduino: An Open Electronics Prototyping Platform" underline that in a
comparison with, among others, a couple of the systems mentioned in this
chapter. It is however, interestingly enough used to a wide extent by exactly
those target groups.
So while being popular it is at the same time obvious that Arduino is not
supposed to be easy to use. That is; easy to use in the Off-the-Shelf Plug & Play
sense.
When the authors express that it is their aim to:
"…Make it easy to work directly with the medium of interactivity”,
It must be seen in relation to other types of systems, for instance systems like
the ones mentioned in the Middleware category, systems that can be brought to
perform quite different and complex tasks compared to Off-the-Shelf systems.
Arduino can be brought to similar performances through the use of the unified
software coding platform known as “Processing”, an extended java compiler
that from a desktop user interface gives access to any level in the
microprocessor through communication with the onboard Operating System.
This represents a way of trying to both provide ease of access as well as full
flexibility and feature set parameters at core level. Potentially, - if this is what
one wants, letting the user implement features on Arduino boards like the ones
mentioned in relation to the Middleware category. But it obviously comes with a
price, the price of easy intuitive access to producing applications right away
with a focus on the design and the product one wants to use the sensor-board as
a tool for in the first place. And instead shifts focus of attention - at least in the
process of getting to grasps with the tool itself and while setting it up – to
coding it and to setting up the extended sensor hardware circuitry needed for
getting it to work. Not let alone; demanding the need for coding skills.
It should be stated here that this is exactly one of the prime purposes with the
way the whole Arduino platform is envisioned! As stated a number of times in
both [55] and [54], the initiators and designers of the Arduino platform wanted
to create an environment that led design students, interaction designers and
electronic music students (to name a few of the target groups) to engage in and
develop their electro engineering and computational coding skills:

"Dealing with education means making compromises concerning the language
to use when communicating, the depth of the contents, etc. Arduino’s
philosophy avoids removing all the complexity behind electronics as some other
platforms do. Electronics are made of components, which are physical devices
representing logical functions, and we believe that we should keep that as part of
the education process." [55]
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It is in no way the purpose of this dissertation to discuss philosophies on
learning let alone educational concerns. Arduino has certainly proven itself to be
an extremely valuable tool, not the least in educational schemes; this alone can
be seen by the fact of the amount of schools, colleges, universities etc.
embracing the platform.
The purpose of this here deduction is to extract and point out what sets Arduino
apart from not only other systems available as well as of course from the DUL
Radio system.
But lets get back to the reasons for categorization and the discussion of this
potentially third category.
This leads to the other concern:
This other concern has to do with the hardware. Arduino could arguably be
described not as a hardware platform, but as a scheme for several types of
hardware platforms. As mentioned, there are a variety of different Arduino
hardware platforms available nowadays, with huge varieties in size, shapes and
hardware functionalities. What mainly divides them all from the Off-the-Shell
products is that there is not per se any full fledge Plug & Play wireless Arduino
board available. Some are package boards that need no other components, but
they are wired. Some relates more to Middleware products; they are small and
must be set up in a variety of ways, sometimes with external hardware as well to
be able to perform.
This goes by example for the Arduino Fio [57]:
The Fio is a controller equipped with 8 (10bit) analog inputs, 14 digital inputs
(of which 2 can be flipped to pwm-outputs).
To become wireless Fio requires a radio unit. An Xbee Zigbee transceiver
module would be an obvious choice. Size then becomes 6.8 x 2.8 cm (not
including battery).
Beside that, another Xbee must be used to transfer communicated data either to
or fro the Fio from the central computer.
Similarly the Seeeduino Film is another candidate. It combines industrial
FPC (Flexible Printed Circuit) Film with Arduino compatibility [58].
It is a unique product in the sense that it is not only small it is also elastic and
flexible.
But as exemplified with Fio; what becomes generally obvious with the Arduino
platform´s conceptual point of view is that things fairly quickly becomes
complex and complicated, involving relatively steep learning curves either in
software, in hardware or both.
For instance; to create wireless Arduino; knowledge on how to connect the radio
unit and potentially the sensor units (in the case of the Seeeduino) correctly, not
let alone install the protocols for communication in the software to make it
work, is called for.
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The DUL Radio Philosophy.
Having elucidated the premises for what perspectives the DUL Radio should be
seen in, through the attempt of a categorization dealing with certain
classification parameters, DUL Radio´s own feature sets will now be discussed.
Whether or not DUL Radio qualifies to any of the 3 potential categories is
actually hard to say. Envisioning a system can happen on the account of an urge
for "so ein Ding müssen wir auch haben”, but does not necessarily do so. It can
certainly also happen, as have all ready been thoroughly discussed, -and as seen
with the Arduino - on the basis of need.
But before discussing potential categorization of the DUL Radio system, it´s
philosophy and feature set will be laid out:
As revealed in chapter 1, the predecessor to DUL Radio was conceived out of
need, directly optimized to perform a specific task.
It was a specialized piece of hardware with a rudimentary software system.
All together a system that had three key features based on the task it was build
to full fill:
1. Size - A predefined volume were as mentioned defined on the basis of the
smallest pair of shoes the system had to fit in.
2. Centralized recognition of several communal independent data-streams in
pairs - Each pair of shoes obviously had to be treated as an interlinked unity yet
with each shoe physically autonomous, catering for the idea of an interlinked,
yet atomized system. Each pair of shoes actually had it´s own receiver unit that
would perform independently of the other systems. The receivers were however
prepared for communication with up to four transmitters, thus making it possible
to track two pairs of shoes. A lucky decision given the fact that the manual
production of the systems proved prone to errors with two receiver failing to
operate after a period of time. Making it readily possible to address the data
streams from the shoes involved to some of the other receivers.
3. Stay alive as long as possible - The second of only two advanced softwarebased solutions (the former being the just mentioned ability to set transmissionaddresses) was the power-handling algorithms implemented, facilitating certain
thresholds regarding recognition of data-activity (whether the sensor attached,
measured activity or not). Thus providing sustained battery life. If and when the
shoes were not used, the system would "brown out" after a period of time
reducing battery consumption to a minimum. If and when one shoe were moved,
the activity would wake up the transmitter, and when the receiver paired with
that transmitter, registered data it would wake up the other shoe involved. Only
minor problem here was that when the mentioned receivers failed to operate,
and four transmitters had to share one receiver, the two other transmitters,
belonging to another pair of shoes, would also receive a "wake-up call".
Later when clarifying what premises a further pursue regarding a generalized
version would be based on, the original three key features were used as a basic
frame to extrapolate a design scheme from:
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Ad 1. The downsizing of the system was still of concern.
Ad 2. At the time of the funding-proposal it was clear that the idea of having
several autonomous yet interlinked transmitters of sensor-data addressing the
same receiver in real-time was still pregnant. One reason is - as seen with the
shoes; synchronous tracking does not necessarily mean tracking from one point.
In the case of the "Dansedragten", the problem with having to track data from
several independently moving joints on a human body was solved through the
use of one centralized transmitter mounted on the back of the person tracked,
holding several (8) inputs for sensors. Therefore the wires connection the
sensors to the transmitter would have to be taped to the body, or -as the final
solution was; the sensors where sewn into a kind of suit (hence the name) with
the wires running in separate channels in the suit. A refined, complex and
expensive solution.
The reasons behind the "Dansedragten" solution are not known to this author,
but with the date of development of the system in mind (1997-99), it is obvious
that alone the cost of having down to one transmitter per track-point with it´s
own power-supply and it´s own processor, probably would have proven way to
costly for a to-be commercial system.
Ad 3. And finally having access to not only power-handling features of the
system, but a whole range of possible parameters creating access to a variety of
software feature sets, where seen as an import part of the software development.
What constituted the transformation of these 3 prime elements into the set of
features now making up the DUL Radio board was however not based on the
idea of simply trying to create yet another system with a few key features
potentially setting it apart from other systems.
The philosophy behind DUL Radio is based on two concerns.
The first have to do with the realization of the two categories discussed
previously. Generally speaking it seems quite clear that whatever system in
whatever category one chooses to look at, a concern with specific application or
areas of application in mind are quite dominant. Seeing the system as a vehicle
for something specific, rather than a generalized, potentially universal tool.
It became more and more apparent that what actually was at stake in the original
"De Røde Sko" system was a possible hybrid, linking elements from the two
categories, if developed further. And it became clear that if balanced in a proper
manner, feature sets normally accessible only through advanced degrees of
knowledge, especially in regards to coding micro-controllers, but also in relation
to hardware construction could be potentially accessible within the realms of an
ease-of-use system.
This leads to the second concern. Having experience, not only as user of sensor
systems, but also with teaching, having taught for a number of years at various
levels on how to use such systems. An awareness regarding a balancing of
several key conditions were present.
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These conditions comprise of:
-The field of study the students taught specializes in.
-Their focus; be it theoretical, portfolio-based or a mix.
-Their level of expertise in a variety of areas at course-start and last but not
least; -How do they consider the topic of concern; the understanding and use of
sensor systems? - As a prime, secondary or maybe even marginal area in
relation to their field of specialization?
In what way these conditions are present and in what way mixed at a given
course, is of great relevance in relation to how the area of concern should be
addressed.
It so happens, that the condition levels in the courses I teach are usually - some
times unfortunately - quite mixed.
In general the students are expected to produce. That is; design, using the
systems taught as components in various kinds of interaction design schemes.
Their level of expertise is usually diverse, often with a greater degree of codingknowledge, rarely with knowledge in hardware construction. While a focus on
aesthetic, designerly and/or artistic theory are quite dominant in accordance with
their general curriculum, the technical aspects are seen as vehicles to produce
content and context.
Similarly, it should be stated, that having an artistic rather than technological
background myself, my main interest and concern will always be on how
systems act as agents in a contextual setting, not on what these agents consist of.
That is; it is obvious that, what the agents consists of, is of great importance to
the contextual setting; wrong agent or malfunctioning agent and the premises for
the contextual setting is gone.
However, if focus is less on the contextual setting and more on understanding
the agents, it can prove problematic for a deeper understanding of how those
agents constituting the contextual setting in fact exists as elements therein.
Or put in a different way;
Is the concern with how the details can be brought to operate; what elements
constitutes the agent and how do we operate those elements. In practice: how do
we build and code, from a technical point of view, that agent?
Or is the concern with the contextual setting itself, that is, the design and how it
operates, instead?
These matters have nothing to do with discussing a potential "right" or "wrong",
it has to do with what should be brought to the center of attention in relation to
the specific topic taught.
Simply put; given a certain amount of time and, in general, technologically
unskilled students, whom instead have theoretical and/or designerly and/or
artistically backgrounds, it can prove a task starting a course-introduction with a
soldering iron and some code.
As stated in "DUL Radio: A lightweight, wireless toolkit for sketching in
hardware":

	
  

43	
  

"One of the main obstacles in tangible and embedded interaction design is the
complexity of tools and competences required for sketching and casual
prototyping. Whether for educational, designerly, or artistic purposes."
Therefore this second prime concern can be said to underlie the actual measures
that were taken to further develop and bridge what has been expressed in the
first concern.
As stated in "DUL Radio: A lightweight, wireless toolkit for sketching in
hardware":

"DUL Radio is a concrete attempt to develop a platform for sensor-based
interaction design that is both (a) easy to use and (b) has a specific feature set
not typically present in a single, unified system."
And further:

"Ease of use applies to the point of view of the prospective interaction designer
(whether formally trained or not): no steep learning curve, easy initialization and
set-up, require no or minimal programming skills or hardware experience."
The DUL Radio Feature Set.
The development of what elements shall constitute a certain feature set soon
makes a prioritized trade-off relevant.
The components chosen to make up DUL Radio, is a result of such a trade-off.
For instance; limiting the space for power is demanded when scale is of
relevance. Limited power-access on the other hand also limits what type of
sensors and how many available.
So the following outline of the feature set, must be seen in that light.
Another major issue that has influenced the feature set substantially was the
wish for a hardware platform that, if thoroughly planned, would last for several
software versions before becoming obsolete. This shall be seen in conjunction
with the experience of constantly having to shift system when designing.
This cannot be fully avoidable, standards in software systems as well as in
hardware gets updated. New standards in connectors, in drivers and in
processor-speed, to name a few, will evidently margin older ones. Still, it was
considered that if effort where put into mappings regarding the lay out of the
hardware in relation to the software as best possible, it would allow for a higher
level updating of features, through software developing only.
HARDWARE:
Size:
The original size of 2.5 x 2.5 x 0.8 cm was seen as a reference of great
relevance. As seen on figure 2, the battery housing and the antenna is not
included in these measures (the battery housing representing a diameter of 3.0
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cm x 0.5 cm in height).
A final compromise of slightly bigger proportions - 2.5 x 4.3 x 0.6 cm - was
accepted since it included all components on an integrated circuit-board instead
of 2 sandwiched print-boards with external battery housing etc.

Atomization:
Originally it was intended that 5 transmitters should be able to simultaneously
communicate with one receiver.
Because of a trade-off between numbers of transmission pipes available on the
preferred transceiver chosen (See "Transceiver" further down), it was decided to
downscale that to 4 transmitters per receiver.
Number of external sensors:
The processor used on the board holds 6 ADC´s (Analog to Digital Converters)
giving way to 6 analog sensor-inputs. For reasons of size it was decided that
each transmitter has 2 external analog sensor inputs. Thus allowing for
simultaneous data-transmission from a total of 8 analog sensors to one receiver.
Internal sensors:
A variety of on board sensor possibilities were discussed. Potentially several on
board sensors can be mounted. For matters of among other things battery
consumption, it was decided that a Analog Devices ADXL345 3D digital
accelerometer (3D Acc) is housed on the board, thus allowing for simultaneous
data-transmission of a total of 4 3D accelerometers to one receiver for now. On
eventual future print-up´s, the blueprint has been prepared for a compass
housing as well.
Power:
For reasons of size, a 3 Volt lithium cell (3202) powers the board. Standard
passive analog sensors; variable resistance transducers such as FSR´s (Force
Sensitive Resistors) LDR´s (Light Dependent Resistors), Potentiometers etc. has
no problems operating on that current.
Active, circuit-based sensors like IR´s (Infra-Red distance measuring) and
Ultrasound distance measuring sensors, often need a higher voltage and also
consumes much more power, so they can not operate on the onboard power
supply. It is however possible to add external power source for those kind of
sensors. This will however add to size of the system.
Processor:
Quite a lot of features are implemented in the integrated circuit; the Atmel
ATMega 168 [59]. Features, where some has been activated on the sensorboard:
-Digital bus-ports for internal data transfer can be used with components like the
3D Acc sensor all ready mounted on the board.
-As mentioned, several ADC`s are integrated in the circuit, with one of the ports
used on the sensor-board being software switchable to perform PWM (Pulse
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Wide Modulation), in effect switching the input port to an output port that can
run variable speed dc motors, fade LED´s and the like. Again, if only internal
power supply is used this would probably use up to much power, but as
mentioned external power supply is an option.

Transceiver:
The radio unit on the board is a Nordic nRF24L01 transceiver [60]. It was
primarily chosen because it supports transmission standards like Zigbee and
Bluetooth.
The Zigbee standard is not fully implemented in the current version of the
board. But as mentioned, the hardware is there for it to be.
The fact that it is a full duplex transceiver allowing it to send and receive
simultaneously, open up for a whole range of potential features not yet
implemented. If wished for, the DUL Radio system can be turned into highly
specialized sensor node systems that can operate as WSN´s (Wireless Sensor
Networks), as good as any Middleware system. It is all up to the software
running on the boards. A multitude of scenarios are possible where the node´s
use the on board 3D Acc, does intelligent evaluation of the data and through
rule-based criteria decide whether and how to share data, including doing their
own power-controlling etc. etc.
More possible scenarios are discussed in the "DUL-Radio-as-of-june2011"
status report appendix (notable article 5) [See: Appendix1_ DUL-Radioas-of-june2011].
For now the only use of the receiver-feature on the board is related to the
configuration level; The so called "bootloader mode" [Appendix1] (See also
“Configuration Scheme”).
Hardware connections:
For the moment, the DUL Radio communicates solely with a standard Type A
USB receiver that can be attached to a computer. This receiver hosts the same
Nordic rf radio unit as DUL Radio does.
As mentioned in "DUL-Radio-as-of-june2011", a number of receiver scenarios
are possible without having to change nothing but software on the platform, -and
potentially; the receivers platform.
SOFTWARE:
Operating System:
Also mentioned in "DUL-Radio-as-of-june2011", the software is all though
stable in performance, i.e. in "normal mode", considered a prototype version.

Configuration Scheme:
One of the key features has from the start been the ability to address
performance parameters normally not accessible in Plug & Play sensor systems
in an easy manner. Given the full duplex feature, this is principally possible
even while the board is transmitting sensor data. For the moment however, the
board needs to enter a special mode, the bootloader mode, for the user to
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perform configuration set-up´s. (This is described in further detail in "DULRadio-as-of-june2011").
The bootloader mode gives access to 18 parameters that operate several features
in the system; set up, transmission performance, control of the ADC ports and
the 3D Acc and more general performance.
The power-control consists of several interdependently related parameters
concerned with thresholds of sensor activity, timing, various sets of parameters
for sleep and wake up etc. Making it possible to create very specific settings for
what conditions the board should operate under, thereby sustaining battery life
substantially.
All accessible parameters are described and explained in the "Configurationmanual" [Appendix2_Configuration-manual].

Modes:
A number of parameters dealing with other types of data handling modes are
considered for implementation as well.
These modes are described in "DUL-Radio-as-of-june2011".
Data-filtering:
As of now, no onboard data filtering is implemented. This is obviously also
relevant when wanting to prolong the performance of the board. As well as
meeting the Zigbee specifications [61], and will eventually be implemented.
Finally, a future challenge could be the implementation of an
Arduino/Processing compatible level on the platform that can be distributed in
Open Source format, thus making the DUL Radio board compatible with the
Arduino platform.
A DUL Radio comparison.
As we have seen, the attempt with the way DUL Radio has been designed is also
to bridge the two categories "Off-the-Shelf" and "Middleware" systems.
This is done through favoring ease-of-access features like down-scaling the need
for hardware knowledge in terms of soldering etc. I.e., if the sensors have been
set up with the right wiring and connector attached, it simply plugs onto the
board.
Likewise with the software; Here it has also been the goal to provide ease-ofaccess. For now this ease-of-access is not full-fledged. The software is, as
mentioned, in a prototyping-stage. However, the learning curve is pretty flat in
terms of getting the system to work in a centralized standard way, with
communication between the system and a computer running software that can
handle the sensor-data transferred (for now: Max5 [62]).
The access to more specialized features has been lifted to a higher level than
general "Middleware" access accounts for. Though, the utilization of the full
duplex potential giving the user directly seamless access to that level of the
system is not full-fledged as of now. Access here provided is currently limited

	
  

47	
  

and is done through the "Configuration-app”.
Also,the exact implications on the board, when setting the configurationparameters is not intuitively understood, guidance is needed. The guidance is
provided directly in the Configuration-app in terms of an online manual.
Setting up and using the Configuration-app is however of limited complexity.
The manual guiding through procedures lets the user get access to the
configuration-level fairly easy.
It has been clarified that the DUL Radio approach is based on trade-offs. As
opposed to the Arduino approach it has been a deliberate goal to hide both
hardware and software complexity under the hood, so to speak, but without
limiting to many potential features. While still leaving open the option of
eventually setting free the access to hidden complexities at some later stage.
Since it has the same Atmel processor class as the Arduino, and since protocol
libraries for running Arduino compatible boards together with the Nordic
transceiver class that is used on DUL Radio are accessible at arduino.cc, it
basically is a question of importing and optimizing the code for the DUL Radio
to make it an Arduino compatible platform.
What sets it apart from any compatible wireless Arduino board - seen so far at
least, is a number of features:
1. The transceiver is integrated on the board.
2. The board has sensor-sockets mounted on it.
3. A 3D accelerometer is mounted on the board.
4. Power access is mounted on the board.
5. The atomization feature that can have a variety of configurations.
With these differences in mind, let´s take an Arduino-board example: The
Arduino Pro Mini [63]. It measures 3.3 cm x 1.8 cm and exemplifies the
Arduino philosophy nicely: The processor that the Pro Mini design is based on
is similar to the DUL Radio processor, the Atmel ATMega168 (There is a
"bigger" version of the Pro Mini as well, mounted with the ATMega328
processor).
The ProMini is basically a board where virtually all features on the processor is
channeled for easy access when creating electronic prototyping, that is: the
number of ADC`s, digital ports etc.

	
  

48	
  

Figure 9: An Arduino PRO Mini.

However, access to communication whether, wireless or wired requires external
circuitry:

Figure 10: An Arduino PRO Mini hooked with a USB Breakout board for USB
communication with a computer.

Figure 11: An Arduino PRO Mini hooked with an XBee wireless transceiver.

Also, some sort of circuit base for sensor attachment most be considered; a
breadboard, or depending on the amount of sensors attached, direct soldering on
the Pro Mini board.
If the Mini should be used as a wireless unit, not only an external breakout
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board like the XBee above but also an external battery supply would be needed,
since when wired to a USB source, the power for running the board is provided
that way.
All in all it can be said that depending on view, this show that size is relative.
All though being small, the Mini relies on external components, therefore for
most applications will demand more space.
Looking at the DUL Radio once again, what we see is basically a different
approach.

Figure 12: A DUL Radio with battery housing facing up.

It is a question of view. The DUL Radio is a result of wanting to shortcut certain
work processes when working on interaction design projects using sensor
technologies.
On the hardware side, certain elements of freedom has been sacrificed;
Compared to the Mini, only a limited amount of the features on the Atmel
processor are directly accessible. On the other hand we have an integrated
circuit board featuring no need for external circuitry, all in all a simple, robust,
small unit.
On the software side, some of the limitations on the hardware side are
compensated for. That is; several DUL Radio´s can perform as one system,
thereby enhancing the features and number of sensor points accessible.
But the freedom of choice when setting up circuitry and code like on the
Arduino´s has been sacrificed. It can, however, be argued that this freedom of
choice often basically equals a fair amount of work that does not leave the user
with a larger feature set, but instead with a less elegant bundle of electronics:
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Figure 13: The example
here includes: The Arduino
ProMini, an XBee, DEV08165 (breakout board for
USB), ds1620
(thermometer sensor), TEMPT6000
(light sensor), MMA7260Q (3D
accelerometer), HMC6352 (digital
compass), DEV-08772 (basic
breakout board for serial
communication).

Even without the compass, the USB and serial boards and the thermometer thereby limiting the setup to represent a circuit that potentially could be
simulated by the DUL Radio - this would still be a not so handy little bundle.
Also notice, the power supply has not been established yet.
Now at this point, it is of importance to point out that it is certainly not an issue
in this discussion to bring forward opinionated arguments.
The above example can easily represent something beyond the scope for a
practical implementation of a DUL Radio. It all comes down to the application
in focus.
Another point is that precisely when developing and prototyping for interaction
design projects, it is highly valuable and useful to have single components to
build circuitry from, it is often needed for a special purpose.
The issue here is to discuss how different needs are met by different tools.
The different Arduino certified boards are all highly useful and present
innovative designs in a variety of ways, exactly focusing on solving specific
tasks through advocating specific solutions.
And the Arduino platform as a whole has made things a whole lot easier through
the creation of a common platform.
So basically it can be stated that the DUL Radio in no way are supposed to
represent a substitution for any sensor system available. It is solely supposed to
represent another way to look at task-solutions, and in doing so brings forward a
set of features configured in the way described in this chapter.
In relation to the categorization and the Arduino platform it is this authors
suggestion that DUL Radio could full fill the role as a potential other example in
the third category.
If flashed with the proper code, the board would basically be Arduino
compatible, being able to share the same coding-environments etc. Thereby
virtually being integrated under the Arduino platform, that might in the end
constitute the third category as a whole.
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Whether qualifying to become an Arduino board or not, is of no concern. As
mentioned it is potentially Arduino compatible, it is only a matter of code.
But when considering a potential further development of the hardware, it is easy
to envision several ways that bridge into the Arduino world:
-Keeping the set of features now implemented while bringing forward the other
ports available on the processor is but one way.
-Allowing for break out board attachment could be another.
All though, -and this actually being the whole point: on the account of trade-offs
and potential sacrifice of other features.
-If only to name one: size.
Arduino and DUL Radio are, from the author´s point of view, two distinctly
different approaches, challenging some of the same concerns, and they are both
consciously, but in very different ways, trying to bring solutions to what at
educational, design-studio and general interaction practitioner levels are clearly
formulated issues.
So what essentially has been at stake here (in this chapter), is focus. Focus
bound on an attempt of conspectus or overview, a focused overview suggesting
that developing systems to solve technological tasks obviously has an
overwhelmingly technological complexity to it. But not only that; it is not the
single components´ virtues and features that solve the tasks. It is how these
components are brought together - on hardware as well as software level.
Similarly; the more the task is seen in perspective, the more it is understood in
relation with other tasks of same kind; what generalizes it and what sets it apart.
The more it can be thematized.
In other words, an intimate understanding of what constitutes the content and
context levels in general in interaction design, or more precisely; in interaction
design schemes, can be seen as much as a qualifying knowledge in the process
of designing a technological systems, as the technological knowledge needed to
create that same system.
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CHAPTER 3.
A TECHNICAL ENGINEERING APPROACH ON DESIGN
vs.
A DESIGNERLY APPROACH ON TECHNICAL
ENGINEERING
Basic Principles for Sensor-Based IxD Tools.
As we have seen, sketching sensor-based interaction and creating
embodied interaction design usually means introducing and incorporating
a fair amount of technology.
It has also been clarified that the design of the technology in question is
of great importance. If this matter is not considered it can sometimes
prove surprise to the ill-prepared designer using it. If the technology
behave unexpectedly or impose, -sometimes irrational and annoying constraints on the design, it maybe even sidetrack the original foci of
design concepts.
It is however important to distinguish between wrongly adapted
technology and the interaction design itself. In this section I will argue
that the concern of design of the design-tool must be seen in the right
context, certain elements related to the design of a system are not systemdependent whereas certain elements indeed are.
As an example, it can be argued that hardware layout and feature set has
no significance in relation to the interaction context a given system
provides meaningful content to. E.g., a binary switch would normally be
considered to provide what has been termed “reaction” in an interaction
context [23 + 64], e.g. turning the light on/off etc. However, a number
of factors can be measured: For how long is the switch depressed, how
often is it activated etc. In that way a simple binary switch can be
extended with meta-features, thereby developing it to resemble a
conversational system [23 + 64] e.g. for a system deciphering Morse
code.
Similarly a much more complex continuous multi-parametric measurable
data generator like a 3D accelerometer in itself basically provides nothing
but reaction as well. It simply gives back data in relation to what
movements it detects. As seen in a later described case where a 3D
accelerometer is fitted to a guitar, it is not the complexity of the hardware
system that brings significance. From the systems point of view, there is
no difference between 3 potentiometers and a 3D accelerometer. Not until
one or more conditional cybernetic models measure and react on how
much the accelerometer-equipped guitar is swung, how fast and in which
angle, and the cybernetic model-outputs are mapped to whatever
performance the systems designer thinks makes sense, can the haptic
behavior be said to provide meaning of a more complex type than simple
reaction [65 + 66].
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So basically, it cannot be said that a certain sensor technology, with
whatever features, constraints or trade-offs it embeds, constitutes certain
types of interaction, or even whether interaction is possible or not.
Another notion of consideration is that when using a sensor-based
interaction system, more often than not we as users are not concerned
with the system itself. It is not evident that the user interacts with a
certain type of system bearing certain features or constraints. This is not
to say that the user do not experience the context in which the system is
contained, and/or the content provided, as constrained, featured, complex,
simple, stupid, refined etc. etc. But it is exactly the content in context, not
the system these reflections are aimed at.
Likewise it can be argued that from the designers point of view, the
interaction system being used seems often to be considered in a manner
similar to the nuts and bolts and cogwheels constituting a vehicle engine:
not as entities in their own right, but as parts constituting an entity, in this
case the engine itself, in the case of the guitar; a feature-set allowing the
guitarist control over the sound, in ways not possible before.
What is considered and of concern, is the aforementioned mapping, that
is, the sensors as connections between the context and the code providing
content [67].
In all fairness, focusing and reflecting on the sensor system itself as a
designable entity is often not necessary at all. In many types of embedded
and embodied designs, the sensor-system often is specifically developed
by engineers to fulfill narrowly defined needs and tasks, so that the
design of the system itself provides no impact on performance and/or user
experience in relation to the context the system is embedded in.
It is arguably what could be termed second and third -order layers above
the system that has significant impact here: I.e. the interpretation of the
code, the design-methodology used and the designers’ ability to balance a
variety of parameters both from the system, from the environment it
inhabits and from the user [26].
The embedded accelerometer in the guitar can provide an example.
Because, as we shall see, the whole concept of sensor-system thinking
and layout, can be based on literally opposite ideas and views, but from
the users point of view behave exactly alike.
“So what is the problem?” one might ask. Well, if embedded systems
were always comparable to how engines are embedded in vehicles, the
problem would at least have a different flavor to it. However, with
common everyday systems like automobiles, that are widely distributed, a
contract between the specialist (the mechanic repairs-man) and the user is
well established. This we also observe in a whole range of other complex
systems and products we engage in our everyday life. This contract is
certainly also a valid path with certain interaction systems, for instance
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the interactive guitar just mentioned.
A Systems Approach.
But what happens when the designer of things interactive are delivered
solely at the mercy of the engineer? When the designer who sees herself
as a professional, from the engineer´s point of view is considered a user?
Judging from the sheer amount and multitude of different kinds of sensorsystems, as described in the two categories “Off-the-shelf” and
“Middleware” systems, it is obvious that the demand for some sort of
negotiation between, at one end of the scale the deep profound and
specialized knowledge needed to develop hard and software user expertsystems, and at the other end of the scale, the understanding and
consideration of appliance of complex yet adaptable, intuitive and
flexible technologies into real world and real life situations is mandatory.
In relation to the two categories it can be said that the “Middleware”
category generally requiring engineering expert knowledge at varying
degree as well as the OEM systems mentioned in chapter 2, are systems
for embedding “under the hood” with, as mentioned, no or next-to-none
usability element.
Whereas the other category, “off-the-shelf”, is concerned with presenting
an interface to and for the user, but at the same time do not provide a
hood to lift, so to speak, for access to other levels of the system.
Put differently: The first mentioned systems are open-ended but leave the
designer with no other choice but to become an engineering expert
herself, thereby easily becoming distracted from the original intention;
namely designing interaction where the system is but the “engine”
therein. Or, be dependent on and at the mercy of an engineer, who might,
or might not, be capable of transforming the designer’s wishes into
machine code. Either this, or the systems are closed off, creating, often
annoying constraints and limitation.
In either case, the following question must be asked:
Do design considerations have a role in development of these tools for
design?
Often, the answer to the question is obviously “Yes”. But as e.g. Don
Norman [68] states; the problem of consideration can be conveyed to
what he describe as;
"…The state of engineering design educations being bad."
The problem is, following Norman, that the detailed, deep and narrow,
specialized knowledge may be blocking for another kind of knowledge, a
more generalized knowledge, with a broader perspective, bringing in
more of an overview, balancing the users, the environment etc. in what
Norman describe as a “systems approach”.
DUL Radio can be said to be an attempt to design a tool for design that
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tries to incorporate the two kinds of knowledge’s Norman refers to; an
attempt to let the technical design element accommodate a more
generalized perspective.
Knowledge vs. Competence.
This approach can be seen in a larger context as an attempt to bridge the
paradigmatic gap, investigated by Donald A. Schön:
"While I do not accept your view of knowledge, I cannot describe my
own."
[69: Schön, D. A., 1983, Preface p. VIII]
The above statement is a short interpretation on observation, that Donald
A. Schön forwards in his 1983-book, on the counter-reflection some
professional practitioners advocate towards what they see as a rigorous
theoretical analysis often projected on their profession from the academic
world.
Schön also states:
"…The question of the relationship between the kinds of knowledge
honored by academia and the kinds of competence valued in professional
practice has emerged for me not only as an intellectual puzzle… I have
become convinced that universities are not devoted to the production and
distribution of fundamental knowledge in general. They are institutions
committed for the most part to a particular epistemology, a view of
knowledge that fosters selective inattention to practical competence and
professional artistry."
[69: Schön, D. A., 1983, Preface p. VII]
It is beside the boundaries of this dissertation to go in depths with the
institutional development of teaching practice at higher educational levels
within the last 25 or so years. But what seems observable based on
several years of contact with the higher educational systems in Denmark
and briefly abroad (in Anglo Saxon countries), - as a student, employee
and visitor, is that beside having great variations, based partly on the
difference of tradition, there are similarities to reflect upon as well. In
relation to the observations Schön presents, it seems that while the
awareness of the separation of and gap between taught knowledge and
applied competence is certainly known, actions trying to consider this at
educational level is extremely varied, and might often not even be of
consideration. It seems that in the traditional "hard" knowledge of science
(as Schön puts is), especially in higher educational science professions
like engineering and computer science, there is next to none care or
catering for a linkage towards the "soft" knowledge represented by
professionals implementing the hard knowledge into the world - such as
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designers. This does not mean that there is no concern relating to a
implementation of hard knowledge into the world in general. There
certainly are! Big time! But there is an expectation that rests upon the
firm believe that the world must fit the system and not vice versa
.
What I mean by that can probably be described more concisely when
inverting or turning the first quotation in this section, upside/down or
inside/out:
"While I do not consider your view of knowledge, I expect you to
understand mine".
The assumption that these boundaries are still present with relative
dominance at higher education level is also based on the historical facts
Schön outline very thoroughly regarding the educational and academic
history during a period of approximately hundred years (ca. 1860 - 1960).
15
In doing so, he clarifies and describe how Positivism has basically
conditioned the shape of the modern development of the university
system generally know in the western hemisphere:
"According to the model of Technical Rationality; professional activity
consist in instrumental problem solving made rigorous by the application
of scientific theory and technique"
[69: Schön, D. A., 1983, From Technical Rationality to
Reflection-in-Action, p. 21]
And also according to Schön; this model of Technical Rationality is
"…The view of professional knowledge which most powerfully shaped
both our thinking about the professions and the institutional relations of
research, education and practice in the 20´th century."
[69: Schön, D. A., 1983, From Technical Rationality to
Reflection-in-Action, p. 21]
According to Wilbert Moore [Wilbert Moore 1970 in Schön, 1983,
p 22],
Profession,
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  Positivism; a philosophy or conviction, that all knowledge can be organized in clear
and general manner. That through cognitive investigation and logic reflection a "best
way" can be deduced in any area of science and thereby in technology and in society.
Originated as a philosophical discussion by Auguste Comte in the beginning of the
19´th century, but later on, in the beginning of the 20´th century established as a
dominant approach in the sciences.	
  
	
  

57	
  

"…involves the application of general principles to specific problems".
This statement was published almost 100 years after the founding of the
John Hopkins University, exemplifying
"…The new concept of the university as a multidisciplinary research
institute… forming the model that other universities began to mold
themselves around"16
[69: Schön, D. A., 1983, From Technical Rationality to
Reflection-in-Action, p. 35]
So;
"…With the coming of the new model of the university, the Positivist
epistemology found expression in normative ideas about the proper
division of labor between the university and the professions."
[69: Schön, D. A., 1983, From Technical Rationality to
Reflection-in-Action, p. 35]
And as seen, still in 1970, it is considered a prime model in understanding
profession as a knowledge-based OR competence-based labor.
Concludingly, it is therefore considered that, while there are forces
striving to break down this archaic barrier - maybe this can be witnessed
most prominently in architectural professions - and there are highly
conscious aims in many university programs as well, it is still in many
ways a dominant aspect in a variety of educational areas.
Quite so for obvious reasons though; shifting perspective on almost
century old foundations of knowledge is a slow process.
With this in mind, it is also the intention of this chapter to bring forward
examples, with the DUL Radio as a benchmark, on how this paradigmatic
gap between two knowledge cultures still can prove problematic when
addressing knowledge implementation in practice.
In Schön´s 1983 laborious endeavor on trying to establish a model for
integration, he (among other concerns) does so through pointing out that
the rationale for what he terms "reflective practice", is all ready there; That is; that virtually all professional practitioners in their everyday taskoperations do reflect and come up with solutions in ways that resolve
situations the academic fundamental knowledge distribution do not
counter for at all, he forwards the notion that;
"An epistemology of practice is needed",
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  This quotation is basically related to American universities - however: Positivism
has European roots [15].	
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[69: Schön, D. A., 1983]
Because,
"…Competent practitioners usually know more that they can say - they
exhibit a knowing-in-practice, most of which is tacit."
[69: Schön, D. A., 1983]
In short, it can be argued that while certain parts of university based
teaching programs since 1983 has recognized that, and does seek to
counter for it [70], it does, as mentioned, not seem to be the case at
general academic level.
So when "soft" knowledge professionals (sometimes) trained in
articulation of a, "Reflective Practitioner Epistemology" cooperates with
"hard" knowledge professionals lacking that training, certain issues can
still be of concern.
Another notion also touched upon, is that as long as the hard knowledge
professional are only capable of articulating task-solving at a
professionally self-referential level using a rigorous technical
terminology, we basically have another version of professional inarticulation.
Knowledge Gaps.
How these knowledge gaps, - gaps that the lack of an "epistemology of
practice" and the inability to articulate rigorous technical rationale in
broader terms as well as the lack of training in seeing the specific and the
specialized in a broader more worldly perspective, - influence complex
professional application in an attempted teamwork are of concern here.
It can be argued that with the technological development growing more
complex day by day, especially since the prevalence of information
technologies has gained speed, a potential exponential rise in the
complexity of information technology-based systems are seen. This also
goes for sensor-based systems, and especially the multitude of ways in
which they can integrate with other types of information technology.
As seen in a number of examples [26 + 68 + 69] complexity often
counter for a need for more simplicity and seamlessness when it comes to
learning how to deal with and use that same complexity.
What distinguishes the user from the technician and the engineer is that
the user are dependent on the design of a given system, the engineer is
not. This can be related to what Norman term; "knowledge in the head"
vs. "knowledge in the world" [26].
Using a design is not always a regular activity. There can be various
time-spans between the uses of designs. As shown [68], there certainly
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are limitations to how much the general person can remember of
knowledge that has short-term characteristics, i.e. knowledge containing
detailed data on how to do things specific.
What is argued in this chapter is that another knowledge-gap than the one
presented in "The Design of Everyday Things", a knowledge-gap that can
actually better be described more as a kind of reflective barrier, is also at
stake in the process of designing and engineering systems of the type in
concern here. The designing engineer is as described in [68 + 69]
professionally concerned with elements of the production of things and to
a lesser degree with the adaption and/or incorporation and
implementation of things into the world or towards the user.
Sometimes this can be said of the designer as well.
What Norman describes in [26 + 68] can arguably be interpreted as a
lack of reflections - perhaps lack of knowledge related to how we
function in the world.
As we will see in the next section, the designer of DUL Radio (the
author) and the soft and hard -ware engineers equally experienced these
kinds of knowledge gaps, albeit from different angles.
For instance, agreeing on the concept of "ease-of-use" was certainly not
an easy task.
What is ease-of-use? What does “easy” means?
Well to put it in a simple but effective perspective: For the trained
professional mathematician, math is predominantly a lot easier than it is
to most laymen. First of all, since being a professional, a fair amount of
talent was probably all ready there to begin with. On top of that, years
and years of everyday practice dealing with algebra and algorithms
maintain the knowledge needed, and create more knowledge on the
subject.
This goes for all professions basically.
But what the trained expert has not been taught, has not had the chance to
develop, is the skill of a generalized view on his/hers own profession, a
view from the outside looking in. Certainly many professionals in all
professions exercise this view. -It could be argued that if not, a program
of education would be hard to establish. However paradoxically this
might seem then; it has not been formalized as a model for study.
Since "The Reflective Practitioner", there has, as mentioned, certainly
been focus on these issues. In his book, Schön exemplifies and states
precisely how the above-described exponential technical complexity
[Moore´s Law: Chapter2, Footnote 8, Page 30] of the world is not
countered for in the Technical Rationality and does not present students
with solutions to the issue of concern. The focus is there, but is still in
general not established as an integrated part of for instance the electronic
engineering education the Chief engineer on the DUL Radio project had
graduated from, 4 years earlier.
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What research and heuristic approaches also has shown is that preparing
and planning how to facilitate the needed simplicity for operating the
complexity hidden under the hood, in other words; how to design the way
a given system is supposed to be interacted with, is certainly no simple
task. And most of all demands a thorough recognition and understanding
of behavioral aspects of human interaction with objects as well as their
psychological implications [68].
This is however neither a topic, -or skill, exercised or trained as an
integral part of experts-educations in general.
Communication. -And Technicality vs. Functionality.

Figure 14: Technical Design - not self-explanatory.
“The apparatus that prevents one from oversleeping, and thereby missing the train.

A time-piece A., with an extended slowhand B. At around 7:30 AM, the slowhand
will turn over the decanter C. into the funnel D. and out of E. into the fish-tank G.
The water then rises and the fish F. becomes visible above the screen H., hence the
cat I., will move towards the fish-tank, and move the seesaw J., so that K will pull the
string L. that has been connected to the clog N. by means of the noose M. N. is set to
motion thereby smashing the cheese-dome O., where a refined and extra delicate
Limburger cheese is placed - The pieces of glass will fall into the basket P. and the
cheese will slowly jog up along the plank Q. till it reaches the point R., where the
slumbering gentleman observes the smell from the cheese through his nostrils and
immediately wake up. Thereby pushing the spring-device T., with the back of his
neck, pulling the string U. twisting the whistle V. positioned on an image depicting a
train. The gentleman will immediately be aware of the situation and haste towards the
train-station."	
  (Translation	
  by	
  the	
  author	
  from	
  the	
  original	
  drawing	
  by	
  Robert	
  
Storm	
  Petersen	
  –Publisher	
  unknown,	
  origin:	
  1920´s,	
  Denmark.)	
  

	
  

61	
  

Figure 15: Functional Design - self-explanatory.

	
  

“A practical improvement, implementing full utilization of floor-sweeping.
A string is attached to the broom, so that the house-wife when sweeping the floor
simultaneously rocks the baby to sleep, pads and soothes the dog and eventually
scrubs Dad on the back.” (Translation	
  by	
  the	
  author	
  from	
  the	
  original	
  drawing	
  by	
  
Robert	
  Storm	
  Petersen	
  –Publisher	
  unknown,	
  origin:	
  1920´s,	
  Denmark.).)	
  
	
  
(Also	
  notice,	
  the	
  functional	
  design	
  scheme	
  has	
  no	
  need	
  for	
  profound	
  manuals	
  ;-‐)	
  )

As we have seen, the idea with DUL Radio was, beside forwarding
certain features of novelty, to integrate elements from two categories of
sensor-based systems: complex functions and immediacy of use. So the
design can be said to rest on two layers; a technical design layer and a
user-based layer of functionality.
The approach has been to integrate the two layers, in such a way that the
technical layer was attempted adaptation towards the layer of
functionality.
As it turned out, the actual technical obstacles; the technical
implementation of feature sets and so forth, did not prove overly
problematic during the development process.
It was by far the, sometimes, communicational bewilderment between the
engineers working on the system and the conceptual designer of the
system (the author), where issues regarding misunderstandings and
reciprocal confusion of concepts as well as a lack of understanding of
issues relating to diverging knowledge’s sometimes proved problematic.
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One thing that in retrospect has been clarified is that translating a concept
into a shared document of design can have several meanings. Shifting
specialized task solving to a level of generalized task solving proved
extremely difficult - as mentioned, not at the technical level, but at the
communicative level.
Seen from the designer/author´s point of view the chief engineers
apparent inability to exercise some level of abstraction was an issue.
Seen from the chief engineer´s point of view the designers lack in ability
to be technical concise was certainly an issue as well. This was
exemplified in the number of times the engineer asked for case-specific
references on how to implement a variety of features and/or systemspecific parameter-handling etc. It was certainly an element of frustration
that case-specific references were not granted. What became clear was
that it did not seem possible from the engineering perspective to operate
with a generalized perspective when no specifically defined task to solve,
was present.
The reason for the designers almost stubbornly rejections, was based on
observations and experiences in manners concerning how and what
makes these types of systems become obsolete for use. Often it is not
only general development and invention that outdate older systems, like
for instance with “Dansedragten” mentioned in chapter 2. It can also be
ascribed to narrowness of design; close-ended decisions based on what
protocols to use for data communication, no preparatory foundations for
making accessible features that a given system would be able to handle in
future application and not making accessible, various ways to customize
and/or upgrade at software level for activation of new features.
Certain elements of narrowly defined technical design aspects is however
present in the first version of the DUL Radio hardware and the betaversion of the software.
These elements arguably, from the author and designers point of view,
exemplify the paradigmatic gap that both Schön and Norman reflect on,
because they presents examples where it become apparent what happens
when the before mentioned adaption of the technical design level towards
the functional design level is not working or has not been consciously and
thoroughly implemented.
There are several examples, both at software and hardware level. Here
two are presented.
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The first one relates to the hardware layout of the board:
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• 512 bytes EEPROM
where it is possible to set how the DUL Radio should act in
• Operating voltage 1.8 – 5.5 V
specific situations. It is possible to setup the platform for

head" paradigm instead of utilizing a "knowledge in the world" paradigm.
The second example relates to the software handling of the parameters
accessible in the so-called bootloader mode referred to in chapter 2. Here
it is, as mentioned, possible to address and utilize features that normally
are non-accessible on Plug & Play systems.
As seen in the Configuration manual [Appendix2], having an ease-ofaccess to the parameters does not necessarily counter for an actual
understanding of and thus sensible interaction with the parameters…
For instance: Setting one of the more basic parameters is quite a task on
the DUL Radio:
The parameter of concern is the sample rate for the analog inputs (the
ADC´s), which is a common-based feature on all systems and therefore
also presents - under normal conditions, a fairly common-based syntax in
terms of measurement - sample rate is typically measured in time
(milliseconds) or in frequency (hertz).
First of all, the generic parameter-name: "sample_interval" actually gives
a fairly clear indication on what the parameter does. However, setting the
sample-rate on the internal 3D accelerometer on the board (the ACC), which is an identical parameter that for good reason can be set
individually, obscures the linear deduction. For some reason, the ACC
parameter is labeled; "acc_freq"…
Secondly, setting the sample rate intervals really obscures things.
There are labels indicating that the measurement interval must be
between "(1-970)” on the ADC´s and that the measurement interval for
the ACC is "(0-13))”!… -1-970 what? -0-13 what?
Well, as it is stated in the manual:

"ADC sample rate in approximated Hz (1.000.000/1024*sample_interval)
= number of milliseconds between samples. This means that 1 = approx
sr 1Hz (samples every 976.56 ms) and 970 = approx sr 1 Khz (samples
every 1.006 ms)".
So actually it is not that far fetched, except that one has to read through
the manual first, in order to understand something that is basically not at
all as complex as presented to be!
One hacker way - that is actually seen practiced, could have been simply
to state that "sample rate is set in Hertz", not revealing that it would be a
close-to of-quantized setting.
Another obvious way is to integrate an algorithmic layer in the code that
does the conversion, so it is possible to set the sample rate in proper
measurements, -be it hertz or milliseconds.
This is a good example of one of many issues that of course will be seen
to in future versions of the DUL Radio software.
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But it is also a good example on how simplicity under the hood can turn
into complexity at interface level. What is actually happening here is that;
Because of laziness, lack of time, forgetfulness or precisely as a
consequence of the paradigmatic gap, Schön observed and gave words to,
the software engineer has simply lifted the way he has to address the
parameter in mention at processor level, up to interface level - more or
less. The small formula; “(1.000.000/1024*sample_interval)=number of
milliseconds between samples”, reveals that the code running on the
processor, are constrained to the protocol the processor-manufacturer
(Atmel) has designed for it. Constrains that probably have perfectly good
explanations to them - I have no reason to question this, nor the
knowledge required to investigate it. But users certainly do not easily
understand them - not even the expert-ones - before they have read the
manual!
So what is forwarded here then, is precisely the need for the refined and
specialized expert-knowledge required in the developing and construction
process of such a system (being able to code to the processor), but
certainly also the lack of understanding of the necessary interfacing with
the surrounding world. Because it is quite certain that if this example had
been verified by the designer ahead of the hand-over process, and
notified, it would have taken the engineer in question 5-10 minutes to
incorporate an interpretation-layer that would have brought forward a
completely different level of self-explanation to the particularly
parameter in question.
For good measurement, the mentioned ACC sample rate parameter
presents the exact same problem. The code addressing the sample rate on
the ACC has the exact same type of constrains to deal with. Only based
on a different protocol:

"Accelerometer sample rate. Where 0 is 0.1 Hz sr or an accelerometer
reading every 10 seconds, and 13 is 800 Hz or an accelerometer reading
every 1.25 millisecond. So the acc_freq is quantized and has the
following sample rates: 0: 0.1 Hz/10 sec, 1: 0.2 Hz/5 sec, 2: 0.39 Hz/2.56
sec, 3: 0.78 Hz/1.28 sec, 4: 1.56 Hz/641 ms, 5: 3.13 Hz/319 ms, 6: 6.25
Hz/160 ms, 7: 12.5 Hz/80 ms, 8: 25 Hz/40 ms, 9: 50 Hz/ 20 ms, 10: 100
Hz/10 ms, 11: 200 Hz/5 ms, 12: 400 Hz/2.5 ms, 13: 800 Hz/1.25 ms"
Obviously this parameter should also have had an interpretive layer of
conversion between core hardware code-level and the user interface
setting, only here the heavy quantization, leaving the user with only 13
sample rates to choose from, - unlike the ADC´s that have basically
continuous numbers sample rates, - should be handled in a different
manner at user-interface level. This could however be dealt with easily;
Where the ADC sample rate could be presented as a dial or scroll number
box, constrained between 1-1000 (be it hertz or milliseconds). The ACC
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sample rate could be presented as a pop-up menu with 13 items to choose
from.
These are but two examples of arbitrary interfacing, making basically
simple and logical functions and features appear overly complex.
Basically because a practiced level of reflection has not been exercised.
Examining the Configuration manual reveals several more.
So, as it has been shown, a number of issues has to be addressed in order
for the DUL Radio to become the full featured, versatile and adaptable
yet easily configurative Plug & Play sensor-board system originally
envisioned. However, all the major concerns are actually addressable at
software level, thus making it both manageable and cheap to realize new
versions of the board with other feature sets.
A number of the novel differences that sets it apart from other systems
have however all ready proven valuable when addressing ease-of-use in
an interaction design context. The final section will describe an example
of a generic design objective and compare it to another system that
addresses the same objective in a fundamental different manner.
Extending Guitar Performance using Gestural Behavior
Tracking with Accelerometers.
In spring 2011, a student project was conceived where the students
wanted to track the gestures of an electrical guitarist with the objective to
extend the control of sonic manipulations with other means than the
traditional standard foot or stomp-pedals [71].

Figure 17: The hardware approach was really basic. A DUL Radio transmitter
simply strapped to the stock head of a guitar with a couple of rubber bands.
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The focus of the project was on the sonic element; the resulting output of
the guitarist’s interaction with the 3D accelerometer. A software system
was devised containing several elements, most notably a sonic effects
palette. And in relation to the accelerometer; software-calibration, scaling
and mapping algorithms where programmed.
As mentioned, the main objective in the project was to extend multiparameter control over a palette of sonic effects. So the main effort in this
project was certainly put here. It is however beyond the scope of this
dissertation to go to detail with that part of the project, the focus will rest
solely on the hardware implementation.
Wanting to access non-standard means of real-time control of the sound
while playing an instrument is by no means a new desire.
Also, using accelerometers for that is if not a common then at least a
well-known technique.
However, when examining other examples for comparison, it becomes
obvious how the design perspective DUL Radio is based on, can help
shift focus from, tinkering with hardware – let alone getting it to work, to
the content in mind – the interaction design that the technology in the first
place were only meant to be a tool for achieving.
To illustrate this, an example of another approach on extending
performance-capabilities on guitars through the use of accelerometers, by
electronics engineer J.P. Carrascal [72] can be seen here:

Figure 18: A 3D accelerometer transmitter system consisting of an Arduino Mini,
an Xbee transmitter, a voltage control circuit, an external 3D accelerometer and a 9
volt battery.
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Carrascal´s project objectives was:
"…Since I´m very new in the micro-controller´ business, I wanted to
learn how to wirelessly connect Arduino´s. I also wanted to do something
that in the end could be open and very easy to use with any platform".
[72]
So what should be emphasized here is that, what we see is two very
different hardware approaches. But also, two very different objectives!
The students using the DUL Radio are audio design students with limited
hardware knowledge.
Whereas, Mr. Carrascal´s profession is electronics engineering.
Again it can be stated that different objectives cater for different needs.
However, in the case of the audio design students, solving this task for
their project would certainly have been steep if they would have had to
consider and implement a concept based on the complexity of Mr.
Carrascal’s system.
As seen on Figure 18, a complex mesh of components, basically cater for
the same behavioral interfacing as the DUL Radio pictured in Figure 17.
Again using a motorized vehicle metaphor, it can be said that the first
concept has to rely on a predefined engine to make things work, whereas
the last concept allows freedom of construction variations but also
demands a completely different level of technological hard knowledge,
potentially demanding focus-shift from an integration of the concept of
concern into the world, towards technological problem solving.
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CONCLUSION
It has been the goal of this dissertation to seek to verify how different
aspects of systems design and realization, that from the point of view of
professions constitute independent elements, when examined more
closely are irremediably interconnected on a number of levels.
At the very concrete level a physical object, the DUL Radio, has been the
focal point and center for analysis.
Being developed and produced in a variety of fields, these kinds of
objects, where DUL Radio is but only one of many, facilitate the
development and physical realization of products and applications for
artistic practice as well as for a wide range of scientific, industrial,
entertainment and media utilizations. Seen in this perspective objects like
DUL Radio is to compare to the hammer used by the carpenter; a tool for
solving a concrete job.
In trying to bring forward the interconnection with this tools level and at
least two other levels: 1. What constitutes the design of a tool and 2. How
should the design of such a tool relate to the world. A number of terms
has been addressed.
Likewise it has been sought to establish a perspective on how these kinds
of tools - computer controlled small systems with inputs and outputs and
primarily; the ability to calculate and make decisions based on these same
in and outputs in what is termed Cybernetic Systems, - differs from other
electronic tools and systems in the way they have to be perceived, not
only as technological items, but as items with the ability to calculate,
intersect and eventually change the environment they inhabit.
What consequences these matters potentially can and should have in
relation to designing and developing these types of systems as well as in
designing and developing with them, has been investigated.
Apart from researching and laying out differences and similarities of
systems. And in doing so, defining a platform from which to generalize
from. A discrepancy in how the general type of systems that DUL Radio
is comparable with has been noticed and debated.
It is recognized that knowledge-gaps and terminological mis-, or biinterpretations between soft and hard knowledge can prove obstacles in
the development and design of systems like the DUL Radio. It is also
recognized that another set of obstacles met in trying to bridge those gaps
are deeply grounded in formalized knowledge traditions. -And in lack
there-of in the sense that awareness of the deep vs. the generalized
knowledge paradigm is definitely present, but does not yet seem to have
established itself as a new standard pointing in the way of a sort of
middle-of-the-road approach, that both the soft knowledge disciplines as
well as the hard knowledge disciplines would benefit immensely from.
An approach branching into and merging the soft and the hard, where an
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acceptance of an ecological adaptability of the hard technology towards
the soft, ever-changing and shifting world that we humans inhabit is
needed. A world that despite constant flux is immediately and intuitively
sensory perceived on a continuous basis - an ability that the hard
technology paradoxically enough has never been more capable of
imitating than at present, thereby making this adaptability potentially
possible.
One thing that could be concluded is, that apart from focusing on how
different kinds of knowledge can interact, understand and inform each
other, a need for a profoundly deep understanding of how technology
should adapt to the surrounding world and it´s inhabitants and not vice
versa, is more present than ever.
As technology grows more complex and simultaneously becomes more
and more integrated into the surrounding environment, it needs to become
simpler and more adaptable towards that same environment for it to
become of service to the world and it´s inhabitants instead of setting
limits and constraints.
Limits and constraints that are based on a lack of knowledge on how
environmental behavioral attitude should be implemented in technology
rather than a want for the world to exercise according to a technological
regime.
If nothing else, the sometimes tire-some work with developing DUL
Radio, has at least brought a dawning awareness of these complex
matters to the author.
As for the actual item, DUL Radio itself, it has now been presented in a
number of fora. Among other places, at two TEI-conferences:
( http://www.tei-conf.org/11/hm/ http://www.tei-conf.org/12/ ) since it´s
unofficial beta-release in January 2011.
Presenting it in international fora has proven A. That such a system is still
not commercially available. B. That the model of categorization showing
a gap between the general standardized systems is correct, and C. That
there seem to be a potential for a system like DUL Radio: DUL Radio is
still not commercially available. It has been produced in a limited number
of 130, for use at Aarhus University in teaching and research and for
researchers and users at other institutions around the world to benefit
from.
Despite obvious flaws, notably in the beta-software, there is a growing
interest in it, as the word is spread, so far approximately 10 institutes,
researchers and university-projects are using it besides the number of
projects that has been conducted locally. Wishes for purchase are
common, unfortunately these cannot as of yet be granted.
Obviously, a systematized production scheme will have to be organized
in order to establish an actual commercial distribution. Whether the
university will play an active role in this is doubtful though.
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[Appendix1_DUL-Radio-as-of-june2011].
By Lasse Vestergaard and Rasmus Lunding.

1. Hardware limits.
-Antenna:
The current hardware-version of DUL-Radio has a (small) integrated antenna,
not replaceable, this limits the communication distance between transmitters
and receiver in indoor facilities to approx. 7-20 meters, depending on
construction materials (lots of concrete and steel-framing = bad) and the
amount of wireless communication all ready in the area.
-Number of transmitters simultaneously addressing the receiver:
The transceiver used on the current version of the platform (Nordic nRF24L01) has
a limited six communication pipes. Since two pipes are used to address
specialized tasks, only four DUL-Radio´s can simultaneously transmit data to
the receiver, limiting the total number of independent sensor data-streams to
four 3D accelerometers and eight analog sensors.
-Number of ADC´s on board:
The processor used on the current version of the platform (Atmel ATMega168) has
several ADC and PWM channels. For practical and performance vs size
considerations only two ADC channels are accessible on the hardware
platform. One of these channels can however be software-flipped to perform
PWM.

2. Interaction between the USB-Stick and the board.
There are two modes of communication, one called "normal mode", and one
called "bootloader mode".
2.1. In normal mode the USB-stick is plugged into the USB-socket on the
external device (for now; a computer), 1 to 4 boards are turned on and the
connection between the stick and the boards are established at once. The
data-streams from the boards can now be read out in a terminal or a software
program. For the moment the only "plug&play" software is Max5.
2.2 To access bootloader mode, the DUL-Radio board need to be manually
configured. This is done through pressing the two small buttons on the board
simultaneously and then depressing the right button while keeping the left
button pressed. The two LED´s on the board will now light up. If the USB-stick
is plugged into the USB-socket on the computer, the two LED´s should now
start to blink. The board is now in bootloader mode and can be configured
according to the instructions and the available parameters in the
configurations software (See 4.3).
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3. Performance.
A number of performance-tests have been conducted. These show some of
the limits in the current software version on the platform.
Tests where the two ADC-ports for analog sensors are being polled
continuously at first 25 Hz and later at 50 Hz, shows that the boards will
transmit for 5 days at both samples rates. The reason why there is no
difference for how long the ADC´s work with different sample rates are due to
the way the micro-controller and the transceiver is addressed in the current
software version on the board. (See "Current challenges" and "Future
challenges" sections for a further description of a number of issues relevant to
these tests and other related issues).
ADC sample rates can be set in bootloader mode and range between approx.
1 Hz to 1 KHz.
Tests on the onboard digital 3D accelerometers shows that the voltage draw
is really limited, especially when the accelerometers-only option is chosen in
bootloader mode. This means that a DUL-Radio board only transmitting
accelerometer-data can transmit for weeks. Again, there is a number of issues
relating to this test further discussed in the ""Current challenges" and "Future
challenges" sections. Issues, that currently makes it hard to deliver a precise
estimate concerning ACC-performance.
As mentioned, the limits relating to the wireless data-transmissions vary. But
on the average the indoor limits are 12 meters and the outdoor limits are 56.5
meters averaged (ranging from 34 meters up to 79 meters).

4. Current challenges.
A number of development challenges are directly present in the current
version of DUL-Radio.
At an overall level, the hardware with the limits addressed previously in this
status rapport, could be considered a satisfactory version 1.0 at this stage in
the project.
Therefore this section addresses solely software or "non-destructive"
development issues.
4.1 For the moment, the beta-version of the on-board software do not meet
certain features accessible in the Atmel processor to a satisfactory level and
therefore do not address, in a sufficient manner, the goals in the project
concerning an optimized relational balance between power consumption and
data-rate speeds (See 4.2). This issue does not as such present a problem in
terms of general use of the current version of the platform. But represents one
of a number of issues that a full flying version of the controller-software must
address.
Other issues relating to this are: Optimal use of the processor clock when it
comes to dealing with data-rate speed of the onboard accelerometer, more
refined sleep and wake-up algorithms and better verification of generic
connection activity in plug&play use.
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4.2. When the DUL-Radio was handed over from the Alexandra Institute (the
technical development partner in the project), the software level was at a
prototype stage, and therefore the code is rather limited.
Certain performance parameters do not work entirely as supposed. For
instance the previously mentioned issue concerning power consumption vs
variable sample rates. Since the micro-controller itself is not put to sleep at
interrupt level, the sample rate setting does not affect the power consumption
the way it is supposed to. Also the processor is operating, even when it has
nothing to do -actually, in the current version of the software the processor
can stand in idle loop-mode for up to 100 ms at a time, for no reason - a
waste of energy.
To address these issues, the data handling should be based on interrupt-calls
rather than idle looping, to meet better power-use criteria. This is what Lasse
is looking into for the moment; a new version of the on board code. This
obviously also affects the fore mentioned sleep and wake-up algorithms.
Also, hardware-sync issues between the processor, the accelerometer and
the transceiver has to be addressed. If this issue is met, the use of the board
in ACC-only mode will make the performance in terms of power consumption
vs data-speed even more efficient.
4.3. The small java-app that has been developed to address and bring the
bootloader mode into use must also be optimized in a number of areas:
-Certainly a better and more generic handling of the bootloader mode itself.
For the moment the amount of time it takes the app to verify whether a
connection was established or not is up to 60 seconds.
-A more intuitive and user-friendly interface will eventually be needed.
-Also a number of modes addressing not yet developed features in the board
should be accessible from the app. These modes will be discussed later in the
report.
-Finally addressing the bootloader mode from within a software host (like
Max5), should be considered, for flexible and immediate use.
4.4. An effort in making the bootloader mode more stable should be
considered. For the moment, establishing connection at bootloader mode (not
anormal mode! -Here the connection seems really stable!) tend to be shaky.
The problem is that the different modes share the same serial port, and the
current beta-version of the on board code does not handle this to a
satisfactory level. Concurrent inquiry threads handling data transmissions and
configuration, has to be dealt with.

5. Future challenges.
Key features that are accessible via software-only developments. A variety of
modes utilizing extended use of the board are available when being
addressed at software development level.
5.1. The mentioned PWM-mode for one of the analog ports.
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5.2. Hooking up DUL-Radio with smartphones is an considered options.
Notably the Nokia N8 is of interest, being all ready equipped with a USBinterface that makes it readily accessible for data-reception without hardware
destructive requirements neither on the DUL-Radio side, nor the N8 side.
5.3. Using the receiver-feature of the DUL-Radio. An obvious development
would be to address a variety of network options using the DUL-Radio
hardware. Node-entities that simply forward received data, and thereby
extend the range-capacities of transmission considerable, storing and
evaluation of shared data, use of the DUL-radio not only as a sensing device
but also as a sensing device that transmits the data to whatever mobile
receiver is in its transmission-field. Applications like these and others would
benefit from an extended use of the transceiver all ready available on the
platform.
5.4. A beacon-based mode where the sensorboard do not stream data, but
only transmits when asked or locates possible receivers in it´s field, could be
used to set up clusters of boards for use in a node-network. Data-processing
available on the board would be an option in such a mode, where intelligent
filtering and evaluation of received as well as sampled data on the single
board could be relevant before transmission.
5.5. A final future challenge could be the implementation of an
Arduino/Processing compatible level on the platform, that can be distributed in
Open Source format.

6. What now.
Development of software-features as well as modes, are not only a question
of implementation. Cases and Application-ideas are valuable instruments for
developing new features and combinations of features (modes) as well as
new uses of the platform.
So apart from the above issues addressed, another next-level key challenge
is developing new cases with potential for the platform.
However, obviously the main focus for now is implementation of a software
level that meets the current hardware level.
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[Appendix2_Configuration-Manual].
By Rasmus Lunding

The hardware board:
If the two ADC-sockets are pointing upwards, the small black square button
on your RIGHT is the "start board operation" button. The small black square
button on your LEFT is the "stop board operation" button!
The onboard 3D accelerometer:
"The ADXL345 is a small, thin, low power, 3-axis accelerometer with high
resolution (13-bit) measurement at up to ±16 g.
It measures the static acceleration of gravity, as well as dynamic acceleration
resulting from motion or shock.
Its high resolution (4 mg/LSB) enables measurement of inclination changes
less than 1.0°."

For practical application the static acceleration feature means that the DULboard via the accelerometer senses or "knows" how it is positioned in the
world. Not where it is in the world, but each dimension knows its angular
position relative to how the board is faced in a given setting.
The Configuration application:
To install the Configuration application; unzip the
"DULRadioCrossPlatform.zip"-file.
When the folder is unzipped, go to the Finder-menu "Go", and choose "Go to
Folder". In the dropdown-menu write; "/var/" and click "Go". Now create a
folder with the name "lock".
Configuration mode:
To access configuration mode:
1. Make sure the USB stick is in the USB-socket on the computer.
2. Start the "Sensorboard.jar" application.
3. Press both buttons on the DUL-Radio board simultaneously. Let go of the
right button, while keeping the left button pressed. Now two LED´s on the
board should light up.
4. Press the reset button (The small square button furthest away from the
USB-socket) on the USB stick while the LED´s on the DUL board lights
continuously. After a short while the LED´s on the board will start to flash with
1 sec intervals.
5. You might have to repeat # 3-4, if the flashing does not start.
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6. Now click "connect" in the Sensorboard-application. If connection is
established a red LED will light continuously on the USB stick! If it does´nt,
repeat the above.
After up to 60 seconds, an interface with access to the various configurationparameters will show on your screen.
NOTE!: It is important that only one board is turned on when accessing
configuration mode! If more than one board is turned on, the USB stick
can not access configuration mode!

Configuration Parameters:
Radio and general parameters:
id (1-15):
Each DUL-Radio board has an id that can be set. It is an internally unique id,
which means that boards (max 4) communicating with the same receiver
(USB stick), must have different id´s.
rf_channel (0-125):
Radio frequency channel. To establish communication between x number of
boards and a receiver, they need to share the same rf channel. Potentially up
to 126 systems can operate simultaneously in the same transmission area. If
more than one system operates in the same area, make sure that they do not
share rf-channel.
The integer in fact indirectly expresses the chosen frequency: (rf_channel +
2400) MHz.
rf_retransmits (0-15 times):
Number of times retransmission of not-received or inconsistent data parcels is
allowed. The more times, the more stable the signal and the slower the
transmission in general is.
pipe_address (4 different pipes accessible):
There are 4 pipes allocated to data-transmission, meaning that up to 4 boards
can communicate with one receiver simultaneously. Each board
communicating with the same receiver need to have a unique pipe-address.
use_adc:
Toggles reading of the analog converters on/off.
If the board is used for accelerometer-only applications, switching the ADC´s
off benefits power-use.
use_accel:
Toggles reading of the 3D accelerometer on/off.
"Enable ACC and piggyback ADC" lets the accelerometer control the ADC´s
activity, so the ADC´s only transmit when the acc is active.
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ascii_out:
If ascii-out is un-toggled, the board transmit data in binary format. If on it
transmits in ascii format.
When used with the Max5 java-object, ascii_out must be toggled on.
Accelerometer parameters:
thresh_act (1-?):
Wake up threshold for the accelerometer. A threshold based on how much
movement of the board the accelerometer needs to detect before waking up.
The integer is a function of the mass acceleration gravity (mg) with a
resolution of 62.5 mg pr. unit (thresh_act * 62.5 mg). The lower the integer the
lesser the movement waking the accelerometer.
In other words: High integer: small sensitivity, low integer: high sensitivity.
thresh_inact (1-?):
The thresh-inact parameter must be seen in conjunction with the time-inact
parameter. It expresses a threshold where only movement above that
threshold can keep the accelerometer awake.
The integer is a function of the mass acceleration gravity (mg) with a
resolution of 62.5 mg (thresh_inact * 62.5 mg).
Is usually set lower than thresh_act.
time_inact (1-? seconds):
The amount of time expressed in seconds that the accelerometer must detect
movement below the thresh_inact threshold, before the accelerometer goes to
sleep.
acc_freq (0-13):
Accelerometer sample rate. Where 0 is 0.1 Hz sr or an accelerometer reading
every 10 seconds, and 13 is 800 Hz or an accelerometer reading every 1.25
millisecond.
So the acc_freq is quantized and has the following sample rates:
0: 0.1 Hz/10 sec, 1: 0.2 Hz/5 sec, 2: 0.39 Hz/2.56 sec, 3: 0.78 Hz/1.28 sec, 4:
1.56 Hz/641 ms, 5: 3.13 Hz/319 ms, 6: 6.25 Hz/160 ms, 7: 12.5 Hz/80 ms, 8:
25 Hz/40 ms, 9: 50 Hz/ 20 ms, 10: 100 Hz/10 ms, 11: 200 Hz/5 ms, 12: 400
Hz/2.5 ms, 13: 800 Hz/1.25 ms
ADC parameters:
input1_wake:
If ADC1 (the right analog sensor input when the input sockets are pointing
upwards) measure any activity (relative to the parameter-settings below), this
will wake up the processor.
input2_wake:
If ADC2 (the left analog sensor input when the input sockets are pointing
upwards) measure any activity (relative to the parameter-settings below), this
will wake up the processor.
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sleep_check_time(>0):
How often the processor wakes up to check the ADC´s for changes when they
are inactive (see sleep_time below). The number represents a fraction of a
second, and must be higher than 0.
F.x.: 32 = 1/32 = 1000 ms/32 = 31.25ms, the processor wakes up every 31
ms to check for changes.
sleep_time (seconds):
Number of seconds the ADC´s must be inactive before the processor goes to
sleep.
noise_interval:
An integer that sets the threshold for how small variations on the ADC inputs
has to be, to be considered noise. F.x.: If 10, variations that does not vary
beyond this interval for the number of sleep_time seconds are to be
considered noise, so the processor goes to sleep.
wakeup_interval:
ADC measurements on the analog inputs bigger than the wakeup_interval will
wake up the processor.
Is usually set higher than noise_interval.
sample_interval (1 - 970):
ADC sample rate in approximated Hz (1.000.000/1024*sample_interval) =
number of milliseconds between samples.
This means that 1 = approx sr 1Hz (samples every 976.56 ms) and 970 =
approx sr 1 Khz (samples every 1.006 ms).
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