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Abstract. This paper attempts to provide an overview of current market trends in
industrial applications of VR (Virtual Reality) and VisSm (visual simulation) for
the next few years. Several market studies recently undertaken are presented and
commented. A profile of some companies that are starting to work with these
technologies is provided, in an attempt to motivate Brazlian companies into the
use of these new technologies by describing successful example applications
undertaken by foreign companies.
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1. Introduction

Maket demands naurdly evolve dong time To mention jut one example in a
recent past the automobile industry had a long product life cyde, little variety of modds
and a new car was rdeased every 10 years. Currently, it shows a reduced product life
cyde, large product varety and a new car is rdeased every 46 years. In the future, it
will require even chorter product life cydes a huge vaiety and incressd
persondization. Obvioudy, evolving maket demands require changes in the ways
products are developed, and therefore companies must seerch for new mechanisms to
support these needs.

In a technologicd world, Virtud Redity (VR) is expected to be the next “big
opportunity”. For engineers, this means that within the next decade desgning on a flat
computer screen will no longer be the norm. They can expect a& leest to touch and
manipulae a virtud pat as they desgn it, and probably even wak indde and around a
projection of the design in progress (Thilmany, 2001).

VR is the intuitively correct man mechine interface for al product design process
dages. That technology is a fast method to recognize design errors ingantly. With VR is
possble to have an aror reduction, time-gains and codt-reduction. Usng a VR system is
possble to enable the customers to cut development costs and time to mantain financd
and organizetiond control of the entire development process and digitdly to evduae
product before expensve hardware is crested or ordered. A virtud environment enables
quick product devdopment and adds qudity to the devdopment process enabdling
systembased decisons. Indudrid gpplications of VR range from CAD-design, sdes
traning, production-planning, dyling, devdopment and egonomics  dudies  to
visudization of huge and complex daia sats (Vdeio Netto, 2002). The god is dways to
reduce the “time to maket* while kegping high quaity. However, VR is not a sand
aone solution, it must be integrated into the process design chain.
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This paper begins to explan wha reassons to use new technology (VR) in indudrid
goplication. After that, the pgper atempts to provide an overview of current market
trends in indudrid applications of VR for the next few years Severd market dudies
recently underteken are presented and commented in Section 3. In ®ction 4 is to show
how it can be implanted VR in the generd company. In last Section, there are some
remarks about the theme,

2. Indudtrial application trends

Growing microchip power and fdling computer prices have ushered in wha some
andyds cdl the next dage in engineering technology, one that brings improved
visudization capabilities The mos accessble visudization technology currently in use
in large engineering firms is the virtud prototyping software, often used in conjunction
with CAD (Computer Aided Desgn) sysems and andyss software. Virtud prototyping
dlows enginers to test their desgns on a computer, rather than by building a physcd
prototype. Virtud prototypes can dmulate red opeaions, i.e, a computer sSmulation
can predict how a pat would act in red world conditions If the pat fals a tet or an
andyss, engineers can work out how to modify the desgn in the CAD sysem in order
to produce a second prototype that shows a better performance. Eventudly, a physica
prototype will be built near to the end of the process to confirm the CAD modd.

Figure 1 shows the financid cost of desgn modifications a the different Sages
during product development process (blue curve - number of modifications in %). The
later a modification is introduced in the project, the more expendve it is. Modifications
that cog U$100.000 in the planning phese will cog U$3.675 million in the production
phese. VR technology provides an ided intuitive user interface for dl the stages of the
product desgn process because it dlows desgners to indantly identify desgn erors A
VR sydem supports ealy evaduatiion of digitd products before expensve hardware is
crested or ordered, thus reducing the overdl cogt of desgn modifications. Therefore, its
use may reduce deveopment cods and time and improve financid and organizationd
control of the entire development process.
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Figure 1 — Influence of modifications during product devel opment process.

In Fgure 2, one can quditaivdy compare the eagpsed time taken by the deps
involved in the "old" (traditiond) and "new" (with incorporated VR technology) product
development process gpproaches. In the new approach a completely digitd product for
“Job 1" can be produced and assembled according to the planned process earlier and
with high degrees of precison and qudity. It is possble to verify the difference between
the old curve (dower to sart of production in an ided way) and the new gpproach curve.
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Figure 2 — Comparison between the old and new product development process approaches.



Typicdly, desgn proects involving virtud environments dat with modds created
with Digitd MockUp (DMU) sysems. DMU is an important fird sep in creding
geometric modds that will be later used for generating interactive virtud prototypes.
Although DMU does not necessxily rey on virtud environments, characterisics such
a immerson, interaction and involvement can fadlitate and extend the posshilities for
teding, andyzing and, later on, modifying the digitd prototype Generdly, a 3D modd
is imported from a 3D CAD <oftwae and displayed usng specid viewing and
interaction equipment, in a process known as dedgn review. An interactive design
review can dso be used as a product presentation tool and as a way to leverage sdes
VR support can dso speed up and improve qudity of design decisons on color and dyle
vaiaion (Vaerio Netto, 2002).

3. Virtual Reality/Visual Smulation market

The VR, or Visud Smulaion (VizSm), make was vdued a& U323 hillion in
2001, according to CyberEdge, a New York research and marketing firm tha covers the
industry (Ddaney, 2001). The CyberEdge dudy andyzed the engineering, animaion,
medicd, and architecturd indudries, and identified, for the firgt time snce 1991, a 17%
reduction in the VizSm/VR indudry’s growth in 2001. Though more sysems ae being
s0ld, the average price has dedlined enough to reduce ther gross vaue. The growth in
sdes of VizZSm/VR sysems occurs a the same time tha sysem and component prices
arefdling, reaulting in an overdl dowdown in industry revenues.

CyberEdge anticipated that more than 336.000 VizZSm sysems would be sold
worldwide, compared with 203,000 in 2000, an increese of 65%. The mgority of these
sdes take place in North America, with Europe following. The top five goplications are:
VizZSmVR  resarch, virtud  prototyping, postgraduate  education  (college),
museunVexhibition and desgn evdudion. Highpotentid applications aeas are military
training, entertainment, petroleum exploration, security training and virtud prototyping.



Ther dudy identified that the most common display sysem in VizZSmVR sysems is
the mono monitor, wheress the CAVE, or Dome, is the leet common one The mogt
common 3D input device is the generic mouse, and the mos-used operding sysem is
Windows NT. There are 8512 companies around the world involved in the VizZSm/VR
indugry, with more than 448000 people deveoping or usng VizZSmN/R. This figure
indudes over 110.000 hardware and software developers, nearly 232.000 deveopers of
other software or hardware usng sysems, and more than 186.000 sysems end users
(Delaney, 2001).

A point to condder when andyzing the numbers of CyberEdge’'s market dudy is that
the definition of a VizZSmVVR sysem was left open to the interviewees, which
introduces a nongandardizetion in the answers that might have contaminated ther
figures What is conddered as a VizZSm/VR sysem by someone may not be consdered
as 0 by another.

Another engineering technology market research firm, Daratech, places the market
vaue of virtud prototyping and visudization technologies usad in enginexring done a
U$L3 hillion. Daratech predicted a growth of dmost 20% for 2001 In 2000, in a
conservative esimate they had projected a figure of US$ 1 hillion in mechanicd CAD
goplications and technologies related to virtud prototyping and visudization.

Penton Digitd Media Ressarch (PDMR), the maket ressarch firm covering the
digitd meda convergence, software, and graphics workstation markets, announces the
rdeese of thar make dSudy, etited 3D Visudizetion & Smulation, pat of the
Software Tools & Applications Series Thar maket sudy provides five-year forecasts
dong with adyses and ingght into the market for tools and platforms for creating and
operating visudization and dmulaion content and gpplications Make  segments
coveed range from defense and government, desgn and enginesring, industry and
busness to medical and scentificc. PDMR projects tha this market will double in dze
over the next 4 years — growing from an edimated U$12.6 hillion & the end of 2001 to
U$24.8 hillion by the year 2005, as shown in Table 1. For year 2002 the market for the
Desgn & Engineging ssgmet was esimated in U$25 hillion; US89 million for
svices, U$678 million for software and U$1.3 hillion for hardware. For year 2005, the



forecegt is that it will reech U$3.7 hbillion in ovedl; U$743 million for services U$1
hillion for oftware and U$1.9 hillion for hardware.

2000 2001 2002 2003 2004 2005
Total Revenue | U$8.1bi | U$SI26bi | U$l61bi U$I94bi | US23bi | US24.8 bi
YOY Growth 52% 56% 28% 2% 15% 11%

Table 1 — Revenues from hardware, software, and services related to 3D VizSim (Penton, 2001)
(YOY — Year Of Year).

For Machover Associaes, the computer grgphics industry will keep growing, and
ovedl revenues ae expected to grow by 13% Compound Annud Growth (CAG)
between 1999 and 2004 (from U$717 billion to U$133.7 hbillion). The 3D segment will
gow fegter @& 20% CAG from U$249 hillion in 199 to U$62 hillion in 2004.
Machover Asxociates forecested that revenues worldwide resched U$81.7 hillion in
2000 and will grow to U$1492 hillion by 2005. With wider Internet bandwidth and
more powerful and cod-effective 3D hardware avalable, the growth of the 3D segment
will be 18% CAG, reaching U$71.3 hillion in 2005.

Table 2 shows the worldwide forecas (foregn and US  suppliers) for
commerdd/indudrid Computer Graphics (CG) gpplications (induding 3D) for years
2000 to 2005.

Application Y ear 2000 (3D Portion) | Year 2005 (3D Portion) | CAG | 3D
U$Billion U$ Billion CAG

Virtua Redlity U$lL4 (U$L4) U$3.6 (U$3.6) 21% | 21%
CAD/CAM U$185 (U$7.6) U$25.9 (U$15.9) ™0 | 16%
Art/Animation U$7.2 (U$5.2) U$15.1 (U$11.0) 16% | 16%
Multimedia Us$275 (U$7.5) U$48.5 (U$16.7) 12% | 19%
Real-time Smulation U$l2 (UsL2) Us$22 (Us2.2) 12% | 12%
Scientific Visudization U$6.2 (USL5) U$13.0 (U$3.9) 16% | 22%




Graphic Arts U$103 (U$4.3) U$5.8(USI26) | 20% | 25%

Other U$94 (U26) U$IS1(US54) | 11% | 16%

Total U$81.7 (U$31.3) U$149.2 (U$71.3) | 13% | 18%
Table 2 — Worldwide forecast for commercia/industrial CG applications (Machover, 2000).

4. Implanting VR

Introducing VR technology in indudrid and commercid environments remans a
chdlenge that demands a proper handling of severd questions ~ Which cadtions a
company mugt teke when introducing VizZSmVR sysems? How much money must be
et on a sydsem and how to propely dlocae money amongst people equipment,
contrecting professona services, maintenance, etc? There is the migraion problem, i.e,
which employees will work with VizZSm/VR sydems? Is it possble to utlize the
company’s own employees and how? Which type of professond sarvices must be
contracted? How much preparation a product life cyde or specific process must
undergo before receiving the VR technology?

Research accomplished by Whyte (2001) has obsarved that in dl companies that
ued VR a few individuds acted as visudization pecidids Modd credion was not
seen as a generic kill to be leant by dl the gaff, particulaly for the credtion of VR
modds for communication with non-professonds. Three man scenarios for VR
adoption wereidentified:

In some companes a specidis visudization group (often from the CAD or R&D —

Research & Deve opment departments) championed the use of VR;

In others, the company was involved into a multi-company project on which VR was

introduced and used solely by the project gaff;

In other cases the credtion of a VR modd was commissoned from, or cregted in

collaboration with, a service provider, such asauniversty or acommercid retaller.

These scenarios ae not mutualy excdusve and some companies adopted more than

one. It is dear tha companies organize the use of VR in different ways and adopt



different models for different tasks For professond tasks, a quite absract VR modd
may be used, and the ability to interact with it is more important than image qudity. For
desgn reviews with dients and other tasks involving interection with non-professonds,
imege qudity and the cgpability of moving aound the modd in red time ae
determinant. Such different uses were seen as diginct ones. On a particular project, a
company created two separste VR modds from CAD deata, one to be used for desgn
review (communication with nonprofessonds) and the other for coordinaing detail
desgn (professond use). For example the fird modd, for desgn presentation, showed
asurface finish and detalls, wheress the second one, for improving desgn coordination,
incorporated clash detection and engineering.

There are some noteble amilarities and some ggnificant  differences between the
findings of these market studies and the academic literature. For example, companies in
the condruction sector are gpplying VR to a range of budness tasks tha go from
professond tasks (high cost -hardware, software and service) until non-professonds
tasks (low cost) interaction (Whyte, 2001).

In generd, indudry is usng VR manly a the later desgn dages though there is
condderable research effort targeted a investigating its use for conceptud design
(Vdeio Netto, 2002). The indudrid scenario is fragmented, the VR's indudrid use
appearsto be aspecidis activity yet.

The divergence between agpplications being studied in academia and used in industry
may be due to a lack of a shared vison for the technology future, or it may be tha
academic research covers a more longterm focus. However, the use of VR in the R&D
depatment of large companies is often intended to contribute to longterm objectives,
rather than to immediate practicdities.

5. Final remarks

Brazilian companies in generd ill congder with reserve the use of VR techndlogy,
mainly due to its high initid cod. It is necessary to acquire or lease proper equipment, as
wdl a modding and virtud environment integration and devdopment oftware, and



there is ds0 the cost of traning daff and hiring expet labor. Greater indudrid
investment in this area is dso discouraged by a lack of useful literature. There are few
published reports of practicd expeience axd no objective compaisons of VR
performance results agangt traditiond gpproaches in terms of time and cogt savings in
product development processes.

This picture is changing somehow over the last years due to greater investments and
to the emergence of successful cases. Advances in VR research provides incressingly
powerful hardware and software tools, and more sophidicated immerson and interaction
fedings thus dtracting greater interes from severd indudrid segments and an
increesng number of users and goplicaions.  Additiondly, reports of successful
experiences of udng VR in product deveopment processes abroad begin to gppear. This
is the case of the German Damler Chryder, which has the most sophigticated st of
grgphical computers in the automotive indudry a Sinddfingen, namdy the Virtud
Redity Center (VRC). The use of these new tools led to a cogt reduction higher than
20% in a new vehide modding project due to the reduction in physca prototypes and
modd building, in additon to redudng overdl devdopment time (Gaving 2000;
Editorid, 2001).

Obvioudy, acceptance of these new processes and methodologies by engineers and
technicians is not immediate, and there is a naturd and underdandable resstance to
change. Therefore, a great effort is necessay in information, publicity, and usage
judtification for this new technology. The use of virtud systems in a larger scde depends
heavily on the evolution of equipment and software technology to increese the number
of agpproaches that can be effectivdy and precisdy smulated, as the credibility of the
techniqueis crucid for the dedson of introducing a procedurd change.
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