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Low-resolution lighting displays are commonplace in
internetof-things devices, wearable products and embedded

interfaces. However, pototyping such displays is
challenging and cumbersome as methagecific domain

knowledge and skills are only available to experts. In this ,
paper we present a novel toolkitassist with designing and

evaluating the characteristics of lewsolution lighting
displays as well as content variationssing different

materials We describe the components of the toolkit, which

include a tablet, a -custebuilt app and lowcost

prototyping materialsand its use within the context of a

design study The toolkit can easily beeplicated and
adopted byothersworking in this domainto prototype low

resolutionlighting displays without requiring angrevious
expertise in hardware prototyping
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Tangible LightingDesign, Embedded Low-resolution
displays Toolkit, Hybrid Prototyping.
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H.5.m. Information interfaces and pres¢ioa (e.g., HCI):
Design
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Innovations in lightemitting diode (LED) technology
enablegthe creation of newisual displaysthat areunique
in size, shapematerial, pixel arrangement ancesolution
Due to thegreat flexibility, designers from varioudomains
are using digital mediaas adesignmaterial: applications
range from wearable LED displagtsatfit into clothingand
lifestyle accessorigs wayfinding displays and digital
signage to largescale architectural structuresreatedof
individual pixel elementsThese displays areharacterized
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Figure 1. Examples of low-resolution lighting displays in
different contexts: (a) Nike+ FuelBand to track and display
physicial activities, (b) Ground-embedded traffic light
display. Photo credits: (a) © Peter Parkes (licensed under
https://creativecommons.org/licenses/by/2.0/) (b) © Biiro
North.

by theirlow resolutiors, in some cases featng a complex
pixel or three dimensional shape (3Pattern and their
lighting quality, which distinguishes them from
conventionalD rectangulascreeng6]. Depending on the
displayOsesolution and the contexh which they are
deployed contentcan beexplicit text-basedor abstrac{see
Figurel).

As with anydesign, sketching and creating early prototypes
is crucial forQettingthe right design and getting the design
rightO [3]. According to Buxton, sketches should be
plentiful and quick to makevhile prototypesare important

for the iterativerefinement ofan ideaHowever this is still

a challenge when it comes tothe creation and
representation of content in the designprocessof low-
resolution (lowres) lighting displays Due to the
characteristicsof low-res lighting displays prototyping
visual contenvia conventional digital medidisplaysis not
alwayssufficient An often underestimated parameter when
working with lighting includes designing lighting as
material: transparencys a materialOs property can be used
to filter or conceal ljht aimed atinfluencing the visual
experience of lowes lighting displayg5]. To achieve an
overall aesthetic result, the materialOs choice should be
included already in early prototyping stages to perform
more design iterations along with contentplexations.
Therefore, appropriate tools are needed to support designers
without having an expert knowledge imaterials and
engineering

The toolkit presented in this papeSketching-in-Light,
addresses the following limitations of current prototyping
approaches(1) Low-fidelity (low-fi) prototyping methods



and tools from related field§.e., graphical user interface
design)cannot beadoptedeasilydue tospecific properties,
including low resolutionandlighting quality. (2) Designers
working in this domaintherefore have toemploy high
fidelity prototyping alreadyarly in the design proceése.,
using thereal components of an eventual desidgrgfore
having conceptsevaluatedon a lowerlevel. (3) Doing so
results inincreased time and costspent on prototyping
especiallyif experts from other domairs, e.g. electrical
engineeringhave to bencludeddue toa lack of knowledge
in engineeringandprogrammingby the design team

Ourtoolkit enables:

* Sketchingwith light on the same level as sketching
with paper and pen taking into accoumtdisplayOs
specific characteristic

* Hybrid crafting of early designausing physical and
digital materials

* Performing more design iteratiorsstandat low-cost
before the actual implementation
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Creating prototypes as eadygsigninstantiations for future

the choice of material should be moreefally considered

for low-res lightng displays and reflected in prototypes,
which is not feasible when working solely with digital
artifacts as a simulation sourdeurther,we propose hanes

on crafting techniques in this domaimcorporating the
idea of @ybrid crafting”, defined by Goldsteijn et al. as
Oeveryday creative practice of using combinations of
physical and digital materials, techniques or t¢4]©.
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Our toolkit Sketching-in-Light is intended for building
mock-ups of lowreslighting displays It allows desgners
to create visual content using a large variety of physigel
digital materialswe refer to as tangible lighting design
(TLD). The prototyping steps include (a) Physical
Sketching, which involves painting and crafting with
translucent materials on tracipgper,(b) Configuring the
Display Mock-up using various physical overlays,
including the inserted sketch, (E)ybrid Prototyping by
attaching the display moelp orto a digital tabletseving
as a light source arehimatingthe sketch with configurable
light patternsFor overview purposes, the prototyping steps
are described in the abowaentioned order, however, the

products is a widely used practice in various designaciyal prototypingctivities reinforce each other and can be
disciplines.For graphical user interfaces (GUIs), designers carried it iteratively.

canchoose fron a wide rangef prototyping methods and
tools during differentfidelity stages of the design process
[8]. For example, aper prototyping as a lowfidelity
techniqueis often usedin early phaseso communicate
ideasin collaborative design teams or évaluate various
conceptswith userdn atime and coseffectivemanner 1].

However since the prototypesOnaterial influences the
designaspectsthat can be manifested by a prototyjgg
conventional paper prototyping techniques cannbie
simply appliedto any contextResearchers and designers
have therefoe begunto develop methods tadaptlow-fi
prototyping techniquesfor novel interface domains
Wiethoff et al. created Sketcha-TUI for prototyping
tangible user interfaces (TUIgpingphysical djectsmade
of cardboardon a capacitive touchscreefi2]. Broy et al.
developed a prototyping toolkit for stereoscopic 3D
displaysusing different depth layeifuminatedvia atablet
computeras a backlighsource[2]. Ullmer et. al presented a
physical overlay oto digital pads to create tangible Uls fast
and at low costl1]. In the domain of dynamidnteractive
lighting design Wiethoff et al. presented LightBd43], a
miniature lighting lakto explore contenproposalsfor low-
res lightng displays however, they did not include lighting
variaions affected by the choice afateriality aspects, as
highlighted in our work. In this contexGriffiths stresses
the importance of traditional materialis lighting design
since Otexture, color and patina of materials txd
productOs charactemmething that technology is unable to
replicate [5]O. Within the broader field of interaction

Figure 2. Hybrid prototyping environment including a digital
tablet augmenting a display mock-up with dynamic lighting
patterns.
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Drawing and sketching by hand is a powet&dhnique that
is widely used by interaction desigrs to express and
discuss early ideas [1]. However, dgital painting
applications provide only a limited number of input
devices such as mouse or stylus comparison, there is a
large variety ofmaterials and toolshat can be used for
making thingsin the physical world q]. For Sketching-in-
Light, we therefore augment the digital sketching canvas
with physical materials creating ahybrid prototyping
environment. The use of physicalmaterials allows
designers to experiment witkarioustangible materials that
offer transparenor translucengualities such asvatercolor
paints, water based ink, colored sifkaperand cellophane
foil which have not yet been included in lighting design

design, Robles and Wiberg argue to focus on the materialityr hese tangible materials further enable a wide range of
of both, the digital and physical, referring to a Omaterialcrafting activities, such as painting with a brush, drawing
turnO in interaction desigad]. In this vein, we argue that and sketching witta pen as well ascreating acollage by



overlays aimto stimulate designers to experiment with
O Q O materials (e.g. translucent textiles feearableyalong with
clear - diffuse  textie content while keeping in mind that they do not necessarily
represent the actual light quality of the finished product
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ek In thefinal prototypingstep,designerscan useour toolkit
Pixel Pattern e to illuminate the physicaldisplay mockup (see Figure2).
ST - Q Similar to 2], we use an iPad as a background light,
however, with additional user interface (Ukjontrol
pivel patterms elements(see Figure 4Yo augment the display moclp
with lighting effects and ther digital medige.g.images.
Therefore, the toolkit apg is divided intoa background
lighting areaon top ofwhich the display moclup is placed
= (see Figure 4andcontrol elements below and on the right
= hand site The virtual pixel grid is aligneavith the pixel
pattern sheet described in sectibn For aher display
configurations the grid must be edited within the catigh
Figure 3. Example configuration of the display mock-up. the controlson the righthand side(see Figure 4b)users
) . can choose from a ti®f i) predefinedighting patternsand
cutting out and assembling shap8s support material we jj) options for customizableontent With the controlsin
usedDINA4 Canson Tracing Paper Pads with 90gsm papefihe |owerleft-handsection(see Figurelc), users camdjust
weight. Due to thenon-opaqueproperties of all materials  hye and brightness as well as playbaektings(e.g. speed,
used,the sketch can be illuminateahdanimatedhrough a  forward/backward, fadingetc). In the lower righthand
digital tabletas abacklight sourcédescribed in step cyo section (see Fige 4d), users can find contesgénsitive

see the final effect of the illuminated display, the sketch cancontrols when a customizable content option is selected.
be directly desiged on top of a digital tablet, similar to

commercially available tracing boards. (
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As any low-res lightng displaycomes with unique features
in terms of resolution, pixel configuratiorsd materials
we createdphysical overlays to simulate different pixe!
patterns and lighting qualities. The lasercut overlays are
all freely-available as templase consising of a baseplate,
pixel pattern sheets, spacers and diffuser sh{setsFigure
3). All templates measure 209x144 millimeteasljustedor
the usewith an Apple iPad Pro (12.9 inchedjor the
baseplatg3mm black acrylic), nylon screws (M2 x 16mm)
are bolted onto the plateao stackup the perforatedsketch

and overlag. For a better alignmentvith the topleft corner l
of theiPad(see Figure?), the baseplate has three tabs with
nylon screws facing downTo simulate various pixel
configurations and shapes, wdesigned pixel pattern

Diffuser

Spacers ==

Sketch

Baseplate | ——

—_—— —8

e —

Figure 4. Sketching-in-Light toolkit application: (a) area for
placing the display mock-up, (b) list to select from lighting

templatesthat can be easilynodified For ourinitial use patterns and content options, () playback settings, (d)
case prototyping an amb!ent lighting displaye IaseFCUt.a controls for the customizable content (here the drawing tool
grid systemwith 17x12 circular holesfrom 0.8mm white selected).

opaque polypropyleneCutting the pixel sheets fromtheer
materials(e.g. black opaqueetc.)can be used to increase
the lighting contrast. Further, our toolkit allows to
experiment withdiffusion which is a critical parameter
influencing the lighihg quality [5]: we therefae assembled
sheets from polypropyler(elear and translucent) as well as
spacers to easily change tHeghting diffusion. The physical

In total, we implemented eiglpredefinedlighting patterns
that aredefined by changes itwlor, brightness and pixel
position. These variables were choseased on previous
research evaluating lighg patterns forlow-res lighting
systemg9]. Further the set issupplemented by drawing
tool to createcustomizedlighting patterns througtsimple
key frameanimations. Therawingtool (selected in Figure
4) can be used by wvmeans: either animatintpe hane
crafted sketclirawingdirectly onto the tracing paperich
, o o does not impair the functionality of the touch screen
https://hoggenmari.github i8ketchingin-Light/ creating Odigital onlyOanimations onto a smalscale

Y 10 protect the screen we used glass screen protector foil with 9H
hardnesgmohs scale of mineral hardness)



Figure 5. (a) Hi-fi prototype of the ambient light display (b)
Low-fi prototype using Sketching-in-Light.

preview screenwhile the display mockip isplacedon the
iPad For prototyping texbased content, we implemented a
4x5 pixel font including alphabetic and numeric characters
text messages and scrolling optiahst can be edited by
the userFurthermore users can pick images froaphoto
library that aresubsequentlynmapped onto the pixel grid.

This enables the use of the internal camera or previously . con  the stages of physical

saved online content as a source.

Finally, we developed a Jadmsed library to allow for the
developmat of visualizations in ProcessihgUsing this

library, the visual output from the Processing sketch can beL
directly displayed on the toolkit app, thus using the physical

display mockup as an output medium. Providing such a
physical development environmiein lighting design, our
toolkit enables users to move from initial sketches to initial
implementations without requiring the final hardware.
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design tool as it enabldtiem to create and explocentent
variations for a new medium Following on from the
workshop, we were then able to implement and evaluate
some of the proposed visuations using our custom
developed Processing library.

>EIBH!IEGF -

The Sketching-in-Light toolkit extends previous work by
integrating crafting and combining physical and digital
materials. This approach offers designers to fluently move
between sketchingnd prototyping 3] across various levels

of fidelity. Working with physical materials allows the

‘iterative exploration of conceptual ideas in a time and-cost

effective manner. Through the digital tablet application,
designers can refine their prototypeddme-tune its visual
appearance and dynamic behavi@Going back and forth
sketches and hybrid
prototyping, we consider our toolkit asw@portive enabler

for creating and exploring early ideas in the design process
of low-res lighting displays.

imitations. Simulating lowres lightng displayswithout
actual hardwarecomes with several limitations:sing a
digital tablet as abacklight sourcedoes notprovide the
same brightness lewsshshigh-power LEDsand the evenly
illuminated tablet surface differs frothe punctual lighing
sources produced by single LEDs. Further, the flat,
rectangular shape of the tablettriess prototyping of 3D

In collaboration with a small company in the smart homedisplay shapessuch as the curved ambient lighting display

sector, ve usedSketching-in-Light in an industrial context
for the conceptual design @n ambientlighting display
visualizing the performance oésidentialsolar panelsThe
project used an existing pproduction prototype made of
high-power RGB LEDs, round reflectgrdiffusor film and
a curved shape (see Figure 5ap design the display
visualizations wecreated a display moeakp usinga 17x12
pixel patternand a diffusor sheetwith 3mm spacergo
simulate the actuahmbient lighting displayThe scale of
thedisplay mockup was approximatelyl:2.5 Although the
mockup did not havethe curved shape of the hididelity
prototype,the augmentedlisplay mock-up (see Figure 5)
provided a realistic impression of the actual display
terms of resolution ansinoohness of colors

During aworkshop session, emmadeour toolkit available

to the companyOproduct teamto create design proposals
for the visualization of solar andelectrigty performance
data Workshop participantswere able to easily move
between thethree prototyping stages, using physical and
digital materials. They also adopted the toolkit in
unintended ways, such as expressithgnamic content
through physical materialsby manuallymoving silk paper
cutouts back andforth behind the display frameThe
workshop participants foundur toolkit to be a valuable

3 https:/processingrg

used in our design workshofome design decisions (e.g.
display format, pixel pattern) were based tbis existing
ambient lighting display used in the workshbpits aurrent
version, the toolkit requires programming to adaipé
toolkit to other dimensionand pixel grids.To removethis
limitation, we areplanning to further develop th®olkit
apgication to support customized pixel configurations
based on the created template.

Benefits of Sketching-in-Light. We consider the following
advantages thadtimulate the design process by having a
toolkit for fast and low cost exploration o¥isual
experiences of lighting displays along with content

* Ourapproach i®asy to relicatefor others

e There are no additional lighting components
required

e It provides the ability to simulak specific
characteristics of displays such as pixel
configurations andighting qualities

* Fluid use of physical andigital materias.
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Designingwith low-resolution lighing displayscomeswith
several challenge one being that prototyping still demands
a high level of technical expertise and lefiv prototyping
methods ardnardly available in this domain/Ve therefore
presented a prototyping toolkit tweate conterfor low-res
lighting displays proposing the use of various materials.
The toolkit can be used by designers without requiring any



skills in hardware prototyping. It can also be used in co 6.

desgn sessions with prospective users or other
stakeholders, facilitated by designéfge described the use
of our toolkit in a reatlife context with a potential user
group that could benefit from such les@st and easjo-use
tools We hope that ouoolkit will enabledesigners of low

res displays to test omultiple display configurations and
contentvariationsearly in the design process, leading to
moreaestheti@and enjoyabl@roducts
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