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Abstract. Virtual Reality does not have to be limited to dméyng a representation and experiential
tool - it can be a powerful way of conceiving olgefor our physical world as well. The unique
features of this technology revolve around the asafjperipheral devices such as controllers
(joysticks) and gloves in tandem with VR gogglgsus&ing this type of modeling, designers can
overcome some of the current limitations of thegiheprocess such as transitioning from sketch to
model, scalability of physical models and manipoladifficulties of computer generated models.

An analysis has been made of the evolution of desigthodology and its natural progression to
virtual and augmented reality. Traditionally thesiign process of urban design objects starts on
paper is evolved through computer modeling anatisritested via physical models and full-scale
prototypes. Virtual reality modeling can signifi¢gnoptimize this process by merging several of
the design development phases into one. Sketdhiriging and testing can be done fully in the
virtual environment and the representation of negvlyated objects will no longer be limited to a
2D surface such as a sheet of paper or a compuieres. The transition to 3D printing is also
streamlined with the outcome of the VR designedcbliiieing a clear manifestation of the object
created in virtual reality.

The goal of the study is to develop a piece of mrhuniture, using a virtual reality headset,
joysticks and modeling software, manipulate itdufess and multiply/scale it within the digital
environment. The research question is whether sumtteling can be precise enough to not only be
used as a sketching and sculpting tool but can ipedte next frontier after computer 3D modeling.
The experiment is carried out in two different gaot the world simultaneously — USA and Bulgaria
and conceived and manipulated in real-time. Theiltesare analyzed and the advantages and
disadvantages of the approach are compared to ouglesign development tools.
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1 Introduction
Frequently used terms and abbreviations:

VR — Virtual reality

AR — Augmented reality

MR — Mixed reality

CAD — Computer aided design

Virtual reality represents the ultimate mediumdesign conception. Not only are we able to tesisda
full scale and insert them in their surroundingsnediately but VR also offers methods and tools for
knowledge sharing in product development, acroshiptelr geographic points, in real-time. The paper
outlines a linkage between innovation and the atsédl design methods through the years and theahatur
progression towards VR.

The development of VR is traced from its origingite newly uncovered potentials, possible now beeau
of technological advancements in processing power display. These new tools available to designers
should be able to unlock new potentials in thegtesirocess. The key benefits of VR as a designatel
listed and current challenges are discussed.
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An experiment is prepared to test the VR desigaddevhile taking into consideration urban design
principles, context and ergonomic requirementsolarscell phone charging station is then designethio
collaborating designers from two geographicallytatis points and the result is placed within a prasiy
built 3D model of a site. The newly created obje@valuated for its aesthetic values, ergonomiaathges
and level of inscription into its environment.

2 Evolution of design development techniques

Design development is nowadays entirely unthinkalikeout the use of technology. From smartphones,
gadgets, cars and buildings to pieces of clothimyewven food — everything that we use in our dais has
either been fully conceived or - to some extergerbin contact with a computer or high-tech martufaw.
However, that was not the case just twenty to ty«fime years ago. Drafting was still done by hamdilu
relatively recently and prototypes in clay or hegaper were the only way to experience industésigh
objects or architecture in three dimensions (BeRokll, 1997).

Historically, the path of design from an idea arehtal construct to realization and embodiment legnb
closely related to the methods of depiction of getries, through points and lines using graphiteaper.
Nowadays computer software and the way humansarcttevith it define the limits of what is possibte t
conceive and then manufacture (Antonelli, 2011).

Virtual reality, as a progression of the curreninpating technology seems like the next logical step
the field of design because not only is it a powleimmersive representation tool but its final gwot can
also be enhanced by the use of augmented and mazkties.

3 Oirigins of digitization and early experiments vith CAD technologies

The advent of mathematics and geometry into thigdgsocess originates with the contribution of BRen
Descartes to the field of art and the introductibanalytical geometry, which uses algebraic meshodhe
description of geometric objects. This processrofieation created in the 17th Century really lawt the
foundation of modern computer aided design. Afteeting with the Dutch philosopher and scientisaksa
Beeckman, who sparked his interest in mathematiddNew Physics, Descartes became convinced that the
key to providing a solid framework for philosophyith all its ambiguities and uncertainties is irctfa
mathematics (http://www.storyofmathematics.com/1@#scartes.html).

In his ground-breaking work published in 1637 allBiscours de la methode”, Descartes included an
appendix named “La Geometrie”, which introducedosgis and notations widely used in mathematics and
geometry till now. He also proposed that each pointwo-dimensions plane can be described by two
numbers, one giving the point’s horizontal locatéord the other the vertical location, which are kown
as Cartesian coordinates. He used two perpendilinker (also called axes), crossing at a poinedathe
origin, to measure the horizonta) @nd vertical ) locations. Each axis had a positive and negatiee,
thus effectively dividing the plane up into fouraglrants.

Having achieved that, any equation could now beessmted on the plane by plotting on it the sofutio
set of the equation. For example, the equatiernx yields a straight line linking together the poi(is0),
(1,1), (2,2), (3,3), etc. The equatipr 2x yields a straight line linking together the poi(@0), (1,2), (2,4),
(3,6), etc. More complex equations involvixrgx®, etc., plot various types of curves on the plane.

As a point moves along a curve, then, its coordmahange, but an equation can be written to descri
the change in the value of the coordinates at aimt in the figure. Using this novel approachgbs became
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clear that an equation liké +y?>= 4, for example, describes a cirgé: 16ka curve called a
parabolax?a?+ y7b? = 1 an ellipsex?a? - y?b? = 1 a hyperbola; etc. (Miheli, Novak, Begus, 2014)

Descartes’ work, usually referred to as analytmrgetry or Cartesian geometry, had the effect ofratig
the conversion of geometry into algebra (and vieesa). Thus, a pair of simultaneous equations coovd
be solved either algebraically or graphically (@& intersection of two lines). It allowed the dephent
of Newton’s and Leibniz’s subsequent discoveriesad€ulus. It also unlocked the possibility of rgating
geometries of higher dimensions, impossible to jglayly visualize - a concept which was to becomeatize
to modern technology and physics - thus transfagmaathematics forever.

Nowadays, several centuries after Descartes’s vibekevolution of design development relies entirel
on the relationship between algebra and geomeingusmputer software aimed at the design industry.
Programs like AutoCAD, Revit, Maya, 3D Studio MaxdeRhino all use mathematical calculations to lecat
and extrapolate points on two and three-dimensigrds, which are then used to create physicalotbjda
traditional construction methods or 3D printingeTarigin of these technological advancements cdrabed
to a group of MIT researchers who gathered at &ggnining of 1960s to develop computer graphics dime
specifically at the design industry (Rix, Haas,xXB@ia, 2016). Their work of course would not be giole
without the substantial advancements in computatippwer and the development of computer screens
around the same time period.

One of the key developments in the computer graidistwas made by Ivan Sutherland in his PhD thesi
called “Sketchpad: a Man-Machine Graphical Commaton System”, 1962 (Fig.1). Considered by many
a foundational work for modern computer graphibg, progranmuses drawing as a novel communication
medium for the computer (Schodek, Bechtold, Grigigs), Steinberg, 2005). A Sketchpad user wouldcbket
directly on a computer display with a "light pemtie light pen was used both to position parts efditawing
on the display and to point to them in order tongfeathem. Sketchpad was a general purpose systehaan
been used to draw electrical, mechanical, scientifimthematical, and animated drawings. The progiam
made it easy to draw highly repetitive or highlg@a@te drawings, and to modify elements previodsiyvn
with it with ease - something very laborious utti#n, as it was performed on paper.

Figure 1: Ivan Sutherland using Sketchpad in 1962

Later on, in the 1960s, the French engineer PRemer deploys several mathematical principleserarl
developed by Sergei Bernstein (1912) and Paul d&efau (1959) to analyze and describe complexazurv
used in the automotive industry. While working ferench automaker Renault, Bezier widely used and
publicized these parametric curves, based on BaEmspolynomials (an expression consisting
of variables and coefficients, that involves orte toperations of addition, subtraction, multiplicatand
non- negative integer exponents of variables, e 4x + 7) in order to manufacture double-curvature
surfaces and these curves later on started beaigmsmme. The underlying principles of the Beziawes in
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tandem with NURBS curveseacurrently widely used in 3D software to desigd describe complex shapes
and surfaces.

4 Early VR development

Virtual reality as we know it today has come abasita result of the progress in several technolbgica
fields — computer games, military industry and Higbh manufacturing but just as any other paradilif,
it takes time for it to get fully established. Tieem has entered our social culture permanentiytizaumks to
movies and science fiction novels most people laaVeast some understanding of it.

One of the pioneers of virtual reality was the oiagographer Morton Heilig (Jerald, 2016). In 19%7 h
built and patented “Sensorama” (Fig.2) — a machihizh simulated cycling within an urban environment
The person using would take a seat and put thad iefront of a display which showed moving citape
images along with sounds and scents from the str&&tnsorama” was the first step in the develograén
virtual reality and although the machine was naharket success, it laid the foundation for immegsiv
experience technology.

Introducing . . .

SENSOrama pwes

The Revolutionary Motion Picture System .
that takes you info another world gﬁ_‘__’?
with

= 3D

* WIDE VISION
« MOTION

* COLOR
 STEREQ-SOUND
* AROMAS

* WIND
 VIBRATIONS

SENSORAMA, INC., 855 GALLOWAY ST., PACIFIC PALISADES, CALIF. 90272
TEL. (213) 4592162

Figure 2: Sensorama introduced a new type of alfsgaxperience in the 1950s

Following an influential paper published in 196%iaalled “The Ultimate Display” in which he predidt
the modern rise of virtual reality, lvan Sutherlamidngside his student Bob Sproull developed tfs¢ &ver
head-mounted augmented reality display at the Wsityeof Utah. Produced in 1968, it was designekeip
helicopter pilots land their machines safely atihig he technology was revolutionary for its tinsitaused
head and eye tracking and was the first to bleatityavith virtual reality - the users wore cleankes and
on which an image of a spatial wireframe was ptegcthus enhancing reality to become an augmented
reality device. Because the machine required melgpements and was suspended from the ceilingst w
called “The Sword of Damocles” (Fig.3) (Armstror§)16).
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Figure 3: Ivan Sutherland: Sword of Damocles 1968

5 Using VR as a design generative tool

Thanks to recent advancements in processing powtaahreality is gradually revealing its potented
an appealing generative tool for the design ingus§turrently, there are several software platfotinas have
been developed in the field primarily for the gaghand film industries but the potential of applythgse in
the creation of industrial design objects is latentl needs to be explored further. There are dekeya
benefit to using this technology is the ability @rect input using motion-tracking joysticks witinbedded
haptics.

5.1 Key disadvantages associated to current digitahodeling:

5.1.1 Detached input: Using a mouse on a 2D comateen which uses “simulated” perspective and
three-dimensionality is time-consuming and skildl &mowledge demanding to conceive and design abject

5.1.2 Lack of full integration: It still necessdrybuild a physical mock-up of any industrial desidpject
to fully understand scale, fitting and usability.

5.2 Key benefits to VR design:

5.2.1Direct input While the computer mouse is a great tool for eatricomputer screens, when we are
working directly in 3D space, it is no longer saiffint to use a 2D device. Through the incorporatibn
joysticks, we can use our hands directly in thaetioe process. The multi-axial rotation of the harhand
is still unrivaled by any machine and can in thase facilitate the conception of highly detaileddarcts,
which should be able to address a larger set oéssthan current design methods.

5.2.2Immersive experiencé/hen we are creating directly in 3D, our bodies iaherently part of the
process of conception and can be used directlylgscs or objects of the design. Issues of ergac®oan
be addressed directly in the design process, wificburse allows for better fitting and more detdifinal
products than the ones we use today. Moreovenghrthe implementation of 3D printers at the enthef
VR design process, we can achieve mass customizaioell — for example frames for prescriptiorsgés
can be designed directly on people’s faces for eroomfortable fit or everyday objects such asecythnd
cups can be made to fit precisely into the usearsls.
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5.2.3Direct application:By using an augmented reality (AR) headset or a&fy@icing a laser 3D scan
with a VR headset, we can quickly insert the neergated objects within their environment, scale and
multiply them in the field and really get a senééhe final outcome of the design and how theyisitheir
surroundings.

5.2.4 Integration of product development phasésom sketching, scaling, material testing and
prototyping — all can be done in the virtual enmiteent without having to build costly mock-ups, thus
ensuring cost effectiveness (Bordegoni, Rizzi, 2011

5.2.5Real-time modification of existing object®hen we have already transferred the 3D informatio
an existing environment or an object to VR, we gwke modifications to it in real-time by changihgit
shape, surfaces or color and then “insert” it badks surrounding.

5.2.5Remote collaborationDesigners no longer have to occupy the same spameler to collaborate
on creative projects. Just by using a headsetraathiet connection, a designer in Tokyo can workgside
a colleague in New York while actively manipulatitige same object in real time. Moreover, the
collaboration does not need to be limited to designdeveloping an idea — consultants, officials and
regulators can also “chime-in” during the desigogaiss and ensure that new product meets all nanths a
regulations.

5.2 Currently available VR modeling software:

Oculus MediumVirtual reality sculpting tool with the most advatset of tools and focused entirely
around the creation of VR objects (Fig.4). The paoghas been gaining traction with character deezko
for the gaming industry. Medium is used on the OsWRift and uses Oculus Touch controllers. The $etad
device company, Oculus VR is currently owned anefajed by Facebook.

Figure 4: Spock (Star Trek) created using Oculdsheiadset, Touch and Oculus Medium

Tilt Brush: Developed by Google, it allows users to paintnspace with a variety of brushes available.
Intended for use with the HTC Vive and Oculus Riitt Brush (Fig.5), as its title suggests haspbeential
to revolutionize a field considered by many stagrianthe past decades — painting. By adding a third
dimension and creating an immersive experienceyeii® can now experience a work of art by being in i
and seeing it from all possible angles. The progilaes well with surface oriented objects such aties
in fashion and industrial design.
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© Google / Tilt Brush

Figure 5: Tilt Brush used to create new clothingiges

Gravity Sketch VRallows for free-hand drawing, but also has addéiawols that lets surfaces and
symmetry be manipulated, as well as control-podiitirey. It can be used with Oculus Rift and HTC ¥iv
Models created in the program can be exported antidefr developed in other software platforms witbren
powerful rendering capabilities for example (Fig.6)

Figure 6: Motorcycle design produced in Gravity t8kevVR

Seymourpowell VR Design Todlhe software tool allows designers and consultemtglial-in” onto
product development sessions and input commem&&b requirements or develop design ideas. Iniaddit
to its collaborative functionality, the softwareafares advanced sketching tools, allowing desigiwedsaw
smooth curves over set points and work within sgbarameters (Fig.7) (https://www.dezeen.com).

Page | 67



Technical University of Varna DOI: 10.29114/ajtuv.vol2.iss1.74

Annual Journal Vol 2 Issue 1 (2018)
ISSN 2603-316X (Online) Published: 2018-06-30

Figure 7: Seymour Powell’'s VR Design Tool

5.3 Key challenges in using VR’s current design td®

5.3.1 Precision: Because of the relatively earlyettjpmental stage of the software interface devices
(controllers/joysticks), the precision we are ugedchieving easily with current CAD programs is pet
available with VR tools. The VR sculpting softwasecapable of achieving definition and “characiees”
as well as giving intricate detail to objects - thdse cannot be accurately measured. Most VR ni¢sas
are still in free-form mode and models need toxpmeed to CAD programs for measurements.

5.3.2 Cable tethering: Modeling in VR requiresr@éaamount of data processing and in order to aehie
a realistic, immersive environment cables are ngédéddeed image information. With the advancemdnt o
processing power and data transferring devicessheeld soon be able to use VR devices wirelesglly an
walk around larger spaces with them.

6 Virtual reality, augmented reality and mixed redity in the context of design

It is important to give definitions of virtual reig, augmented and mixed reality in the contextlioéct
design development for the field of industrial desi

Virtual reality: The technology uses a fully immersive headset (Wi, Oculus Rift) to render a
computer-generated model of a real or imaginarydwehich can be explored through physical walkimg o
head/eyes turning. An industrial design object eored in such environment may or may not follow the
rules of real-world applications and the final prodmay serve a function for the virtual world ol -
through the incorporation of physical parametesaaterial properties — may be, later on, built ased in
real-world applications. Most sculpting softwareisrently geared towards VR.

Augmented realityThe term refers to a live view of a physical enmim@nt, which is enhanced by a layer
of information that isot fixedto an object. The effect is achieved by weariritgpasparent set of glasses
(Google Glass, Vuzix Blade) with a small projectiached to them. We can get information aboustlece
of the material used in a design, its cost andrathportant features, just by looking at it. (httgww.vr-
human.com/).

Mixed reality: The technology is associated with a view of thesptgt world, enhanced by a layer of new
information that idixedto an object. Using mixed reality glasses (MicfobkimloLens) we can, for example,
see what a city bus stop will look like with a dégiadvertising screen or a transportation schesicieen,
which informs passengers of the estimated arrif/al lous. Similarly, we can test different materiatsan
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existing real-life object or see a section throadtridge or the cable and pipe system undernesiiteet or
a sidewalk.

7 Application of VR in the design of urban objects

Using current Lidar and laser scanning technolofiékyte, 2002), we can re-create a comprehensive
image of the environment surrounding the urbangesbject we are about to design. Next, we carrtinse
that information into the VR environment and stigsigning directly “on site”. Because scalabilifyMiR
objects is done so easily and quickly, we can madaip an urban bench for example, form it preciaetyind
a desired body position and then insert in therenment. Created in direct relationship to the badg not
on a detached computer screen, the bench will Aamach finer relationship to the body positions it
thus be more comfortable and ergonomically fittfog the users. We will also be able to see thegtesi
directly in its context and assess easily whethe&ooit is a good fit.

Similarly, the design of a street light for examphbn be done in VR and instead of running complex
photon calculations on specialized software to iptdéght distribution on the street below, we clast
different geometries of the post, different heigintsl distances from the ground and one-anothetjpiyul
them in perspective and experience the result ah ime. Standardization of produced results wél b
measured against the guidelines as described yrtien Design Standards (A.P.A, Steiner, ButleB6)0

Urban bike stands for example can also be desigkeidthed directly in VR. The structure can be fatme
around an actual bicycle, or several of them, aechewly created object can be immediately “pladeds
environment for city officials to approve. The sah@ds true for water fountains, which can be as=#s
immediately as well as photovoltaic phone chargtagions, digital announcement boards or publitsipart
shelters — all of which can be designed arounghéople who will be using them.

8 VR experiment to be carried out

Two designers will be asked to deploy VR headsedscallaborate on the design of an urban desigrepie
The context or the surrounding area of the projeitit be provided either through laser scanning or
conventional 3D modeling. The task will be to desigsolar charging cell phone station which doulttes
function as a public seating arrangement as wak. desthetic, ergonomic and urban qualities ohévely
designed object are assessed against a set ofacused to approve new proposals.

9 Conclusion

VR with its immersive and inherently spatial quaktseems like an excellent tool for the industiesign
field with the potential of being its the next ft@nr. It currently has some challenges to be overcbut with
input from designers and some fine-tuning and agraknt of current software, we can see a move fnem
computer screen/mouse to the VR goggles/contradletrsip as a stage for design development.

Although it is too early to draw conclusions, as #xperiment for this study is yet to be carried the
goal is to produce novel designs, which are inebetync with their environment, more ergonomically
successful and overall more thoroughly thought Batause of the direct input into the design procesl
the freedom from limitations imposed by current@@grams, the outcome should have a recognizakle an
unique appearance as well.
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