Page|l

Anders Fougstedt
IT-University of Gothenburg
Gothenburg

June 15, 2007

| wish to thank all the people that have helpedcneate this thesis. Thanks to
Professor Morten Fjeld at the t2i Lab, departmé@amputer Science, Chalmers
University of Technology for excellent guidancd,thé people in Product Support
Development at Volvo Parts for their positive amdpful attitude towards me and my
work, Sigma Kudos Sweden for recruiting me for thissis work and help offered
along the way. Thanks also to the institutions emmipanies with VR equipment |
have visited and talked with: Sensegraphics, Vdleohnology, EON Reality, Centre
of Visualization in Gothenburg, and the IC:IDO ifdtion at Volvo Cars. Special
thanks to Per A. Jonasson at Volvo Parts for alltblp he’s given me with tools,
data and general guidance.

This thesis aims to examine if Virtual Reality (V&®rhnology can be used by Repair
Engineering Mechanics (REMs) to do their work. Tehpsofessionals create repair
methods for components in trucks. Today the work rmany projects done on
physical prototypes and the goal is to replaceehath virtual prototypes, using VR
systems for the work. Five different methods haserbused to examine both the field
of VR and the work done by the REMs. The finallege is a mapping that compares
the requirements of the work being done to therteldgies available by matching
them to properties common to both. The most impbrtanclusion is that the new
system has to support the users’ ability to trartsfeir skills to the new VR system in
order for this project to succeed.
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This thesis is an MSc thesis in Interaction DesighT-University. It was defined by
and carried out as an industrial thesis at VolwasHa Gothenburg, Sweden (from
here on referred to as “the company”). The compfers aftermarket solutions for
the Volvo Group. Product Support Development, whielongs to the company, is
where | have worked. This is a part of the comphay provides the aftermarket
inside Volvo with diagnostic tools, workshop toadsyvice information, service
programs, special tools, parts assortment andnrgbon, instructions, illustrations
and a technical support center. The division thésis is created for concerns Method
Engineering and has Repair Engineering MechaniE®ARvho create and verify
repair and service methddsr trucks.

Some of this work is done on final parts that &ady for serial production, but some
of it is also done in the earlier stages of develept of new products. In these earlier
stages physical prototypes are ordered for the plaait the REMs can then start
creating methods on. These parts are first cresgegfiomputer Aided Design (CAD)
models to serve as the 3D drawings that the pegteanstructed from.

The company is interested in increased efficiencgliminating the step of ordering
physical prototypes and instead working directhyttom 3D data. To do this they have
started looking into the possibilities offered biytWal Reality (VR) technologies.
They already understand that adapting the usaoh#w technology to their users
can be hard, so they have already started doirg eeaminations of VR as a more
direct and easy way of working with virtual prodaicthese have mostly consisted of
visits by upper management to a few select compamd universities that have VR
technology installed.

Since their work is similar to that of workshop rhanics and the VR technology is
new and advanced, an interesting situation ar@@aghe one hand you have advanced
computer technology and on the other hand you bages that have all their

expertise in working with mechanical work. In tBituation it seems extra important
to make sure that the technology will be adaptetieausers and not the other way
around, since the users should not be requiredd¢orbe computer experts in order to
do their job. The aim of this thesis is to provide company with a study that has
enough of a user-centered base that the end ugkersmain the focus throughout the
work that will be done with VR.

! Both types of methods are correct terms for tiveirk and depend on the task (for example changing
a component can be a repair method while changirmgo be a service method). To simplify the
reading of this report however, only the term Repgthods will be used from here on.
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The purpose of this work was defined as follows:

Find out how well Virtual Reality could work for rttedd engineering at
Volvo Parts, and show a comparison of how welled#ght technologies match
the requirements of the users and their work.

In other words the purpose is to give the compamg\aluation of the feasibility of
using Virtual Reality technologies to support sahéhe repair method operations
that the REMs carry out.

% &

This thesis is in essence a sort of feasibilitglgtior a larger project that has the same
basic motivations. There are already different $yplework being done at the
company with the aim of analyzing current compteehnologies, but mostly

focused on software. | have set conditions for tiiesis to meet the expectations from
the company as follows:

My thesis will be used as basis for future workhivitthe scope of this larger
goal of using VR at the company. A second projdtitbmild on my results

and continue the examination of VR for repair mdthamrk. | have therefore
tried to adapt my results to be useful for contiiguivork within the company.

The main focus is on hardware factors in the VResys, that’s the area
investigated in most depth. Software is also careid and discussed but not a
main part of the work. In some cases software &ffée grades in the
mapping (see chapter 6.5) but VR software anditsponents themselves are
not directly evaluated.

Economic considerations are not a part of the ew@n. To some degree they
are mentioned in comments and discussions buvélgdo the company to
judge costs in the coming steps of VR work. Pdtiy is because the
company wished it so, but also because | feltlthatnted to focus on the
hardware’s actual capabilities and not let a matereal factor like cost affect
the judgment.

o

The company and all people in businesses relatdtetareas of repair methods are
the main focus of this report and they are alsoties | have had foremost in my
mind when writing it. Therefore topics like usatyiland other areas that Human-
Computer Interaction (HCI) / usability experts alilg know are explained.

HCl-related persons are a second target group, ofi@dtthose interested in the
usability aspects of Virtual Reality. Thus how teeair method work works today is
also explained.

n =
First the repair method work is explained. Thenrttust important areas of theory

encountered in this project are reviewed. Previegearch in this and related field
comes next. After that come descriptions of thetrmosmmon technologies used in
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VR, with images and concrete examples. Then thémdstused in my work are
described and discussed. It continues with thdteeand conclusions reached. Lastly
it finishes with a discussion and talk of futureriwo

#

#! +

A Repair Engineering Mechanic has the job of creptepair and service methods for
trucks. These methods are detailed step-by-stéuat®ns on how to perform a
certain type of repair or service operation onréade type of component. See Figure
1 and Figure 2 for examples of some of the stepstypical method. A repair method
could for example show how to remove a broken carepofrom inside the truck and
then replace it with a new one. The repair methogsist of two-dimensional
illustrations with written instructions. The illuations are done in an easy to read
black and white 2D style that is easy for the eser'sito print out and carry with them
to the vehicles they are working on in the workshbfhey wish to do so. There is a
description in clear text, important cautions ieacly marked squares, and also
instructions on what special tools to use, if any.

The goal is to show everything in the level of detquired for a mechanic with
several years of experience to be able to perfbenwthole operation. The end user of
the product is therefore mechanics that do maimismaperations on trucks in Volvo-
licensed workshops around the world.

Figure 1: Example one of one step of a repair methid

2 Source: Volvo Parts
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Figure 2: Example two of one step of a repair methd?

Repair methods should be ready when the produetidy to ship so work on creating
them has to be done in parallel with the developgroéthe other aspects of the
product. Therefore physical prototypes of new congmts are ordered at earlier
stages of the design so the REMs can start cretitengepair methods, while the rest
of the design is being finalized at other departisien

The type and quantity of work differs from projéatproject. In some projects the
REMs are involved later on when the design is ¢ltséeing finalized. In other
projects they can be involved at earlier stages@tiey can use their expertise to
influence the design of a component. For exampéy tnight be able to see that the
shape or placement of a certain part of the comptomeuld make it hard to remove
since it would make the whole thing get stuck imestcomponents on the way out.
This means that the company uses their expertisene than one area, so the REMs
get to use the same set of skills for several diffetypes of work. Their work can
include both evaluation and production, in otherdgo It also means that they do not
work in a workshop all the time; they are alsoheit offices working at their
computers or in meetings with co-workers from vasiadepartments.

An important aspect of the methods is the timesdhataken for each step, so called
Standard Times. These are used to create a toglfftir the execution of a method
and that total is the working time the mechanic@workshops get paid for. They
are created and calculated with several factonsiimd so the time becomes a realistic
expectation of how a mechanic might do the worke ©hthese factors is for example
that the mechanics are expected to have at least@i5 years of experience in their
work; put simply they are expected to know whaytaee doing. The REM makes a
time measurement by starting a timer before hetesemstep in the operation, and
then he performs the step in a normal working ptmEs) stops the timer. The time is

3 Source: Volvo Parts
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written down and then later processed by varioatofa at other departments in the
company to produce a finished Standard Time farstep.

Much of the repair method work can also reuse iegjshethods. Many of the
components created are upgrades or variants ofopisdy existing products and
therefore already have repair methods. One goah®oREMs is to reuse as much of
these materials as possible. Therefore work omagneject often includes an
analysis of previous methods early on. The parteege methods that are still correct
for the new project are reused, so that as fewnegair methods as possible need to
be created from scratch, and only for the compjeatelv parts of the project.

The REMs use a very large set of special toolsidatal hand tools like screwdrivers
and wrenches are used of course, but they caniséeé for everything that needs to
be done. Many tasks require special tools thaheare many different shapes and
functions. They can be everything from a pair eéngl with an oddly shaped head to
disks, rods and other things with very specializetttions. Since these tools are
required to perform the repair method they are tisethey are also entered into
production and distributed to repair workshops adbthe world. That increases costs
and the complexities of the repair methods so tepseial tools are also reused to as
large a degree as possible.

%(

%!

My angle on this whole thesis is thisdapt the technology to the users, don'’t force
the users to adapt to the technologylo me, that is the clearest way of summarizing
what the whole perspective behind usability andteal fields is all about. Of course it
is a simplified statement that can likely be wramgome specific situations, but to
me it holds the basic essence of what this wheld fs about.

To some degree the users have to adapt to alle®wmology in the shape of learning
it, something that changes them and is therefordaptation. However, that is
usually a voluntary act with positive results, atk case where the users learn
something. The statement above concerns the sitisatithere the users dmced to
change themselves or their way of working in inwbéry or uncomfortable ways
because the technology does not manage to aidithkarning it.

%l

There is an ISO standard for usability, ISO 924171feir definition is as follows
(specifications of terms are listed below):

It's important to note “in a specified context afell, that usability is therefore by this
definition always related to each specific caser&€rare many general guidelines that
work in most cases but you always have to exanmacé ease individually since
guidelines are not set in stone and can in speasds be bad rather than good. The
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specified users and the context of use always tlkie examined and the choices
made related to that.

The three terms used in this definition are spedifis follows:

This can be measured by recording the number oécboperations made in relation
to the total number, by looking at how much of sktthat was completed, or similar
measurements.

For example measuring the time it takes to comastsk, the number of mouse
clicks made when doing so, or similar measurements.

This is a more subjective factor but it can be mea$ by interviews, focus groups,
guestionnaires and other means.

One of the main advantages of using this ISO standain my opinion, that it makes
it clear that it is very possible to make usabitityneasurable quantity. Usability can
seem like a “soft” factor and thus get lower pitipiwhen making decisions at many
companies where hard facts are prioritized. Thi3 $8andard can help promote
usability by showing that producing numbers andsfan this issue is feasible.

A more common term in media for this approach se'furiendliness”. That is a good
term but not the best however, since it implie$ beang friendly to the users, i.e.
giving them what they want, is always good. Thisas always the case. What's
important is to give the users what they need,thadis not always the same as what
they think they want. The users can for examplghkimot be aware of problems that
exist, or not have the language to express theththars not want a fix for them. The
usability professional can go in and determine whese problems might be and put
them into words by doing user-studies like obseowat interviews etc. Just asking
the users what they want isn’'t as good as studyiem. Usability is in my opinion a
better term since it implies doing these studies more thorough manner.

%!#

%! #!

Virtual Reality is a computer-based technology tteat be immersive, interactive and
realistic user experience. VR is aimed at creadicgnvincing illusion of being inside
an artificial world, an illusion of taking part that world instead of just observing it
from outside.

The term Virtual Reality is still rather looselyfoled, many different definitions exist
but most of them are rather generalized. There 8oras seems to be as many
variations of the definition as there are peoplekivg in this field. See for example
http://www.google.com/search?hl=en&Ir=&defl=en&qgfithe:Virtual+ Reality&sa=
X&oi=glossary _definition&ct=titleor http://www.answers.com/virtual+reality&r=67
for lists of various generalized versions availatriethe web. When looking through




Page|ll

research papers the language is a bit more fomubtarrect than what you find on
the web, but the variations are almost as large.

Instead of choosing one of them and then clasgjfgwverything according to that, |
consider it more important to think what you want to use the technology forThe
line between what is and isn’'t VR is soft and shgft and instead of including things
that shouldn’t be there or excluding things thatievant just because they did not
fit the definition, it is better to simply analy#lee technologies that can be relevant for
the end users. Whether they fit one exact defmitipanother is less important than
whether they are useful for the users, and anajythiat usefulness is what my task is
about.

Some form of description of VR is in order howeireorder to make it clear what
this thesis is about. A few of the academic dabng are shown here:

(Bjesse & Saljo, 2000) quote a definition publistydVA Gigante that says:

(Horne & Hamza, 2006) quote this definition by Hed/&heingold:

As shown by these, VR is much about creating thsidn of actually being inside a
virtual world rather than watching it from the ddes In my view it requires a little
more than what regular computers can give; if ltamall something VR | want it to
contain technology that enhances the immersionrmewhat desktop computers with
regular equipment can do today.

The first of the listed definitions here includee phrase “multi-sensory”, which
means input to or output from the system using riieea one of our senses at the
same time. That is a big and useful a part ofigld bf VR, but | do not see it as an
absolute requirement to use several senses at@ihecable to call a system VR, at
least not in the context of repair method work. ®on this area of VR is shown later
in the report.

Three key traits stand out for me in my searchafinitions. Many seem to include
one or all of these as a part of what VR is, faragle (Burdea, 2000), (Zachman,
2000) (Bjesse & Séljo, 2000), and they are thasigstthat seem most relevant to the
work the REMs do. The three items are that a VRrietogy should be experienced
by its users as:

Immersive
Realistic

Interactive

Immersion is in my eyes the most important point; it is wiratch of VR is about, as
described in the definitions quoted above. The teresence is sometimes used
instead (there’s even a VR-related journal callezs@nce). The two terms are used
somewhat interchangeably but at heart they appdag tibout the same thing: the
illusion of actually entering a virtual world. (Mchlan et al, 2006) claim Immersion
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can be seen as a measurable quantity, by measummgnuch sensory input is fed to
the user. It is however in my view a relative tthat differs from person to person
since it is hard to put a number on how much ulssisthat they are into a pretended
world.

Realismis also very important. It is linked to immersisince they both offer an
enhanced illusion of “being there”. It is worth sohering as a separate point though,
since a system can be very immersive even thoutdfes not present data in a
realistic manner (such as visualizations of mosralt scientific data), and vice
versa (such as video games with realistic 3D grapbin regular desktop computers).
In some papers it is described in a more techm@adner, such as (Bjesse & Saljo,
2000) that talks of Realtime simulation and updeggquencies rather than Realism,
using a language based on a technical viewpoirdsd lkechnical issues are important
too, but they are only one of the parts of the biggsue, which is to make the system
appear more realistic to its user, to mimic the weald.

Interactivity is also part of what VR is about. For a technoltmgtruly be defined as
VR, some level of interaction between the userthedvirtual world should exist. As
user you should be in control of the world andfar dbjects in it to some degree, it
should react when you act, and be affected by ukiegontrols at hand.

All of these three traits are important for the kof the REM. All three traits are
linked to the fact that the goal of this projectageplace the existing work process on
physical parts, tools and environments with virtTdle same people will be doing the
work however, thus the virtual system’s main bangéuld be to mimic the real work
situation in order to allow them to use their skilRealism is obviously important
then, as is Immersion. Interactivity is also impattsince the REMs are used to the
direct responses of real physical systems.

%l#H# &

Compared to research in more ‘regular’ IT systdiorsexample 2D interface design,
VR still seems to be a somewhat experimental fiekds is most likely due to the fact
that there are still few VR-related products oresalthe world, since the technology
has failed to have the breakthrough and advansetsisome prophesized for it in the
80"s For example Jaron Lanier, one of the majorasaim VR, shared his views on it
in an old interview: (Lanier, 1988). There is a Wing market for these technologies,
mainly in industrial systems, but compared to #gutar IT systems it seems very
small. There is also a lack of education withirs theld according to (Horne &
Hamza, 2006). As my conclusions will help show, tdehnology is advanced and
useful in many ways, but not yet ready for the $glhsory experience of being in a
virtual world despite its long history.

Thus it seems that VR is still something of a splestifield and even though many
parts of it have been explored in research thexesidl not that many generally
accepted principles, theories and practices wheonites to usability.
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To understand more of how the VR technologies vitoikkhelpful to understand more
of how the eyes perceive the three dimensionseofahl world. Most of the visual
technologies try to simulate this in one way ortheo

The eyes register various so called “depth cuebichvare basically various forms of
information that the eyes and brain use to assemtilieee dimensional idea of what
you see. (Hubona et. al.) shows that there araaeddferent theories for how depth
cues work and most of all how they work when corabirin a general sense it seems
that the more of these cues your system can prothdebetter the simulation of real
space will be. The conflicts between theories sedaied mostly to which cues that
get priority over others and exactly how they affemch other, but on a more general
level (VECG, 2003) appear correct where they sayofider to effectively simulate a
three-dimensional space, it is necessary to prasd®many of these visual cues in as
accurate a way as possible.”

There are several different types of cues. (CruizalNat al, 1993) lists them as these:
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Many of them can be simulated in software, whilmeaequire hardware to simulate.
The same paper says “Conventional workstation geamives us 1, 2, 7, and 8. VR
adds 3, 4, and 5.” and also mentions that 6 wasmaiemented in any graphics
system at that time.

Of common usage in visual VR technologies is BiacDisparity, which is in VR
commonly known by the term Stereoscopic effect.

%!%!# -

This is based on the fact that our eyes are degld distance apart. This gives us
slightly different angles of view on what we sedjat contributes to the depth
perception. Your left and right eyes thereforedjéferent images even when focused
on the same point and the brain then uses that¢alate the depth information in
what you are seeing.

A simple example for simulating this are the “3@haics that many have read as
children (or seen their children read), where tmages from slightly different angles
are printed on top of another but in different ¢sldrou then wear glasses that filter
out one of the colors for one eye and the othasrdok the other eye and thus the
slightly different images in the same location gareillusion of depth.

In VR this is a desirable effect since it increatbesimmersion. A common
technology used to achieve it is stereoscopic g&asshich come in two flavors:
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active and passive. They are both used in combimatith projector-based displays
such as Powerwalls and CAVEs.

Active glassegqcalled shutterglasses) are based on the idelamkihg out one eye at
a time by making the glass in front of it opaqiment syncing that change with the
projector. When the glasses allow you to see thrahg left eye, the projector
displays the image for the left eye’s angle of vidlwen the glasses switch to
covering the left eye and opening the right andstreced projector switches images
at the same time. This is done so fast that the dga’t have time to perceive the
change and therefore the user experiences thegiaplone continuous image.

Passive glasseare simpler in design. They rely on having diffehe polarized
glasses in front of each eye and projectors thgept the eyes’ differently angled
images onto the same space but also with differ@uatlarized light. The user can
only see the light of one polarization for each,eliereby making it possible to send
separate images to each eye.

Active glasses are more advanced and also heawilemare cumbersome to wear.
Passive glasses are lighter and easier to makeoc@alie. An active stereoscopic
system requires one projector that can display @sag a high enough frequency to
update for both eyes in real time. Passive steogysdo not require as high a
frequency but instead usually needs two projedtargthe same area since they have
to project different polarizations.

%!%!%/

Another area related to the visual feedback isifee’s field of view. This is how big
your visual field is, how much your eyes can see, the closer the angle is to the real
situation of approximately 180 horizontally and 2Btically (VECG, 2003), the

more immersion you will get. The user’s suspensibdisbelief is affected by what

his peripheral vision can see. If it doesn’t méto area he focuses on it will be
harder to imagine yourself as being inside theugirtvorld.

When looking at a regular computer monitor for epémthe virtual world there can
be very realistic and immersive in itself (as indam 3D games) but since you are
presented with only a small part of your field @w to perceive this world, you are
constantly aware of the real world around you. Biog out the real world part of the
field of view as is done in VR helmets (shown inrmdetail later) goes some way
towards increasing immersion, but covering it caetglly with projections of the
virtual world immerses the user even more, asiedo a CAVE.

%!" 0
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Haptic feedback is a term for technologies thautate the sense of touch. It is an
area that has been in development for some timed@w 2000, p. 2) but it doesn’t
seem to have fully bloomed into many commerciatpags yet.

Similar to VR, definitions can vary a bit, thoudtetscope of this field is much more
specific. It can be seen as a research field @ivits and can be used outside VR for
sure, but when related to this thesis | see itaraof VR, as one of the many areas
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that can be explored within the larger scope of 8Rveral different terms can be
used to describe this field. Burdea groups thenh wéBurdea, 2000, p. 1):

4 0 0 0

According to him it is therefore a grouping of salalifferent areas:
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Both tactile and force feedback are therefore afmraes generated and projected
onto our bodies. Force feedback generally condargsr forces, while tactile
feedback is about smaller forces. As proven in (B®e-La-Torre & Hayward,

2001) the forces our bodies sense can even overttwraetual geometry of objects
when we move our hands over them. That experimssg force cues on the test
subjects’ fingers to simulate and even counteraothtetry, and the tests show that the
force cues dominate. Stimulating the sense of ttwyoenerating forces is therefore
what haptics is all about.
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The history of this field is documented in (Burd2@p0) and (Stone, 2000) among
others. Stone says that the first systems witlsdéimee functionality have existed in the
nuclear industry for half a decade, where they habetic arms that are used to
handle dangerous materials remotely. Only sincdatiee90’s have there been
systems that do similar things for desktop compubtenvever. These have evolved
into the haptic arms that are described more iptehnd.2.1.

Haptic arms generate smaller forces that are goothttile feedback but for full
force feedback exoskeletons (chapter 5.2.2) sedra the best alternative. Stone
confirms that these were still at the time of wagti‘confined to academic research
labs and noticeably absent from commercial catasguMy literature search
indicates that this is still mostly the case.

A notable attempt at introducing haptic feedbacth®omass market was made in the
mid 90’s when “force feedback” joysticks were imtuzed for computer games. They
usually contain technology that simply makes theti@ vibrate at times and
strengths determined by the software. Going byd#faitions above, they were more
tactile than force feedback but again, definitioas vary. This technology seems to
have been a success since game controllers todagto computer and video game
consoles still include it.

%!I"% &

Grigore C. Burdea says “We need interfaces thapaweerful, yet light and non-
obstructive.” (Burdea, 2000, p. 8) and concludes ¢at the time of writing) the
actuators required for that to truly be the caseatoyet exist. Market searches
(chapter 6.1) indicates that this still seems tthizecase, since the haptic products
found today are based on the same constructiohgvéra available at that time.
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Haptic arms look more streamlined and comfortaday and the technology is
steadily advancing, but they are still the samécldad of products.

More advanced haptics than force feedback joystiek® yet to appear in the larger
markets of consumer goods, though there is a gamieotler on the way called the
Novint Falcon (more info dittp://www.novint.com/falcon.htjn which is intended

for release in 2007. It is in essence a simpleibapm with a small but three
dimensional interaction volume. There is also wamkhaptics in the mobile phone
business with a touch screen phone that uses baptgimulate key presses (The
Economist, 2007). It will be interesting to searify of these can help spread haptics
to the mass market.

%!) $

Today it’s still very common that companies ordgramy kind of IT service from
external suppliers do so based on requirementddbas mostly on the technological
and economical factors. To take the actual usageem the end-users of the
technology themselves into account is not as comifibis can lead to problems
where the procurer ends up with a product thadisadapted to their users’ needs at
all and thus many externally supplied IT systerss &nd up in drawn out
development projects to fix these problems. Thiostly and tiresome for all
involved. Many such problems could be solved iffth@is on the users and
considerations of their needs and wants is a lgrgerof the project right from the
start.

However, most work in this field (academic as vesllbusiness-related) focuses on
the suppliers, mostly through discussing the deamghits process. This appears to
hold true also in the field of VR. This is a veryagl approach with many benefits but
if the demands set on the projects are still vaneeunfocused and do not include the
user’s perspective, then much can still go wrontpéacquirement of new systems.

To facilitate a fully developed user-perspectivgiiajects that are created through a
procurer-supplier relationship between compankes procurers also need to
incorporate a user focus when they set their inéigquirements for the projects.

It is well summarized in (Holmlid & Artman, 2003):

6 8 9

One way of going about this is to give the procsi@ncrete organizational
suggestions to use when creating these demandgestians that not only give them
the harder data they often need to build businassscbut also incorporate the user’s
views and considerations of the actual usage dfinlaé product into that data. If
procurers can go out to the suppliers with a mee¥-gentered list of requirements
then the suppliers will have to adapt to that dredddds of the user being put first and
foremost in the design increases.
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Augmented Reality is a mixture of virtual and realyay of using the virtual
technology to augment reality rather than usirig gimulate it as is done in VR.
(Azuma, 1997) describes it like this:

/ # $ #$
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He goes on to define AR systems to have the foligwihree characteristics:
1$ -
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So in difference to VR immersion is not a partted tiefinition, and it's not even a
part of what the desired goal of AR usually is. Toal in AR is to blend the virtual
environments with the real rather than to replaeeréal with the virtual. In definition
that is a major difference between VR and AR angrattice it also shows when
looking at research done in this field.

(Azuma, 1997) and (Azuma et al, 2001) are surviegsshow many examples of
what AR can look and be like. As seen there marth®fAR systems described make
use of a head mounted see-through display, whioWslthe user a virtual image
projected onto the real world. This works by kegdirack of where he/she turns and
looks using various sensors and comparing thawiduwal version of the same space.
This can be contrasted with VR that often uses ¥Rbts (more on them in chapter
5.1.1), which instead use opaque displays andemislmse the user’s eyes by covering
the view of the real world around them. This uséools itself illustrates the basic
principle of blending rather than replacing, in opinion.

%wILl# (

A part of AR is the interaction, which sometimeskesuse of Tangible User
Interfaces. (Ishii & Ullmer 1997a) define it thus:

In (Azuma et al, 2001) they describe it like this:

6
8

and go on to list a several examples of projectsrevthis idea has been used.

TUIs as used in AR are another example of howtanapts to blend virtual and real.

(Ishii & Ullmer, 1997b) list several of the notalslessearch projects in this area from
the 90’s, such as the ClearBoard and the Marblavariag Machine. The focus in all
work with TUIs is usually on using various diffetgrhysical objects and surfaces to
control and/or receive feedback from the compugstesn, rather than just using a
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regular mouse, keyboard or monitor. This can thkeshape of generic objects that do
not look like any special tool but feel comfortaltben held in the hand, such as
those used in BUILD-IT (Fjeld et al, 2000). Theyegjithe user a physical, graspable
way of interacting with the virtual world.

'3
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This area of HCI has not been much explored yepraling to (Swartling et al, 2005,
p. 10), (Persson et al, 2004, p.23) and (Holmlaf)3). This was confirmed by my
literature search which showed that hardly anytthiag been published in this field so
far, at least not that | have been able to findn&weery interesting work has been
done at Kungliga Tekniska Hogskolan in Stockholmvéeer, where HCI professor
Henrik Artman has presided over a project on thysc with several publications.

In (Borgstrom, 2001) a list of factors that concirterpersonal and agreement-related
aspects are listed as conclusions (p. 9). Amorggethee “Agreement on active
supplier participation in user studies” and “Direontact with
programmers/designers” (my own translation from @sle). For this study these are
very relevant to the continued work with VR at twempany, because of the disparity
between the REMs’ computer skills and the advarteesl of computer science
involved in VR systems. The company can for examgdgiire that those that supply
the new system will get to know their users byipgrating in user studies, in order to
adapt the technology to them.

One of the major results of this whole thesis igdtbto be a general increase in the
awareness of usability issues at the company, ynimsthe sense of including a user-
centered focus in the evaluation of technologié®réfore this area of research has
been a way of thinking throughout the whole workrfe.

NE-

Some work has been published concerning usabilidyralated issues in the field of
VR. It has a strong supplier focus however; alnadistf it is about how to design VR
environments. It is also focused on software, thaihat is in a sense natural since it
seems most usability-related work in traditionahpaoiting is also focused on that.
My personal opinion is that factoring in the hardevthat is used is very important
since there is such a large variation between ifferent technologies used in VR.
For regular computers the hardware seldom chaitgesnostly keyboard, mouse
and a regular monitor. In VR it can be any of #ehnhologies listed in chapter 5 or
even others not listed there, and they all diffeatan many areas when it comes to
evaluating the context of use and other factorgr@fore including both hardware
and software in a set of design guidelines wolelyi be best for VR, though | of
course realize that complicates such work tremesigiou

(Fencott, 1999) writes about creating a design oueitogy for virtual environments
(VEs). He seems to view the field mostly in a saitevperspective since he talks of
games etc. He does have several interesting pbioigih. On page 6 he writes:
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In other words the context of use has to be estadxdi before usability can be
considered, which matches the ISO definition oetiim chapter 3.1.1. | agree with
Fencott that this is important, since a VE realy e just about anything from
fantasy to reality and the conditions will diffefléy from case to case. Therefore it
could be hard to create general guidelines forgtesi

Fencott also writes (Fencott, 1999, p. 2):
@

0

This is another reason that guidelines are rasgareh areas vary a lot since the field
is very dynamic and they have neither been fuseddoherent wholes nor
categorized clearly. This particular paper is salvgears old but still seems to hold
true. In my literature search most papers that eored usability in and design of VR
is from the mid- to late 90’s; (Marsh, 1999) anth(®ey, 1995) are two examples as
is several publications by Kulwinder Kaur: (Kaura&t1996), (Kaur, 1998), (Kaur et
al, 1999a) and (Kaur et al, 1999b).

Some papers | have found have appeared in moretrgears that are mostly
concerned with the evaluation of virtual environtiseiThis is an important step in the
design process but not design guidelines per skcl{fie & Gault, 2004), (Patel et al,
2004) and (Bowman et al, 2002) are examples of sesdarch.

My angle here is to make a broad and useful evialuaf VR hardware for work
done at the company. These methods for usabil@juetion are very useful for
evaluating the creation of the technologies bgedneral harder to use for evaluating
the technologies that already exist as finishedpets. Those aimed more at
evaluation of existing systems seem to focus mastlgoftware and user interface
issues, since these are common and very impogsunes in the field of HCI.
Hardware does not seem a common area to examiweybo

1%

Lars Bjesse and Bjorn Saljo did a thesis similahts one in 2000. In (Bjesse &
Saljo, 2000) they detail their work on evaluatihiyR could be used for assembly
and disassembly. They constructed a software tesyistem and used VR technology
available at Volvo Technology at that time to riseutests on it. They reached the
conclusion that VR was a promising technology betalder equipment they had
used was not suitable for these tasks but migkeaaisbe better for other tasks,
including method work (p. 37). They also confirmattaudio feedback was
appreciated among the test users (p. 36).

(Chryssolouris, G., 2000) has the same motivatasnsy thesis’ company behind
their work; that of reducing times and costs by mgvrom using physical prototypes
to using virtual. They talk about how so far (Up2000) the focus has been on
simulating the human and putting them into theasys{p. 267). They have a good
definition of what such a software component isittmopometrical articulated
representation of a human being, called “manneduirtieir project is instead about
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using VR technologies to create a “prototype virgxperimentation environment”
(p. 276) for the planning of assembly work and tregch the conclusion that it
should work well for that.

(Ye et al, 1999) has compared how effective a tasslving assembly planning has
been carried out in three different environmentse @ non-computerized and paper-
based, one is “nonimmersive” desktop VR, and oreeGAVE VR environment.

They have measured total times taken to perforntatsies by doing user tests. The
results show that both VR environments had a saamfly lower total time for
completion. The assembly planning done is not idahto the work carried out by
REMSs but similar in many ways, thus this work cancbnsidered as a strong
indication that VR could indeed speed up the wadcpss for REMSs.

(Blue et al, 2002), (Wampler, 2002), (Wampler, 2083d (Wampler, 2004) are
reports from a project carried out for the US Aarée. They detail different aspects
but the goal is to generate complete service marawgbmatically. The project, called
Service Manual Generation (SMG), has this goal éRitial, 2002, p.4):
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My understanding is that they basically wanted tkena computerized system with
software that can create the manuals by itselfirgrpivalent of REMs would then
go in and verify the work using VR hardware. Asitlescribed, the workflow has
two different verification phases, both with theabof having the REMs ensure that
what the computer has created is acceptable.iisé®at the goals set for this project
go several steps beyond those of the companyttbsstis done for. At the company,
the near future goal is (according to informal dssions and as suggested by some
REMs in interviews) to change the earlier stagesethod creation by eliminating

the need for physical prototypes, but still keepimglast stages which include doing
verifications of methods on the final designs ofgibal components. In this SMG
project they intended to go further and includenethee verification in the
computerized system. In these reports | see iittthe way of user studies however. It
is not clear how much the working conditions fod aikills of their REMs differed
from those at the company, but it seems very riskgo so far with computerization
without starting with studying how it would affettte users. As is stated in (Wampler,
2004, p. 21):

)

This is a clear indication that they started witl technology and only thought about
the users and use of it afterwards.

(Bloomfield et al, 2003), also related to the SM@jgct described above, offers a
comparison of three input devices for VR, one leaptid two not, and conclude that
the Phantom haptic arm had a shorter executionitirtieeir test and therefore
seemed more effective. They have not tested whétkereason for that was the
haptic feedback or the construction of the deviselfihowever. A taxonomy for
haptic actions has been included which they shavgé$ul for testing haptics.

(Zhao & Madhavan, 2006) is about VR'’s use for asdgwork. They present a
system that has several interesting software featsmch as a mannequin and voice
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commands to control it. Contrary to me they deasthyavith software creation
however. The paper mostly concentrates on detattiagoftware architecture and
does not give conclusive testing data on how welirtsystem works. Therefore it is
an interesting case of what software can do, loksl@aardware and testing data in
relation to the purpose of this thesis.

) (

Listed here are the technologies that seem toédoetist commonly used in the field
of VR today. There are other specialized typesqoiment but the literature search
(chapter 6.1) indicated that these are the mostmmmtypes, both in research and on
the market. They have been split into groups baseitithey are mainly for input or
output. Note that Haptic arm appears under botgoaites since they are by default
both at the same time. This can serve to illustiziéthese categories are not set in
stone; many different types of combinations of texdbgies exist, for example
exoskeletons that are fitted to VR gloves. | haweéver chosen to group them the
way listed here based on what capabilities the mastimon variants have, rather than
what other rarer variants can include.

Output Input

Visual Motion-tracked control
VR Helmet VR Glove
CAVE Wand
Powerwall

) ) Direct control
Autostereoscopic monitor

Haptic arm

Haptic 3D mouse

Haptic arm

Exoskeleton

Table 1: The technologies that have been evaluated.
Yo 2
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This is a portable display system that mounts twmature displays, one for each
eye, on a helmet or similar equipment that can dewn the head. It is therefore
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usually classified as a Head Mounted Display (H¥8)stem. The displays fit over a
portion of the user’s field of view and the helmstially cover the rest so the user
can't see the real world, only the virtual. Botlesyan receive the same image or
different ones depending on the design. If thegikexdifferent ones then a
stereoscopic effect is basically built into thetsys.

VR helmets are fitted with head tracking equipméiis is a set of sensors that track
the rotation and position of the helmet. This infiation is used to directly update the
display the user sees, so when the user turnshis in the real world the virtual
camera angle turns the same way. Therefore trsdhuwf presence is enhanced,
since as soon as the user’s head is turned hedskdlee virtual world update
similarly.

Figure 3: Examples of VR helmets.

N & 3& 4

The virtual environment is projected on the wall$ront of the users, on the floor

and sometimes even on the ceiling and wall beltiacht The users stand inside a box
with rear-projected screens with stereoscopic ptigas on them forming the
surfaces. Definitions and versions vary but mostrsé project on at least 3 walls
and the floor, as in the original design: (Cruz+idest al, 1993).

The idea for CAVES is to create immersion by sunding the user with surfaces that
virtual images are projected on. This is expresgeltin this quote:
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Motion tracking technologies are often used toktae movement of the user by
tracking his head, or both the movement of the asdrthe controls as in for example
(Ye N. et al, 1999) and (McMahan et al, 2006). Tiisws the user to step around
inside the CAVE with the display continuously updgtto reflect his changed
position and view angle.

* HMDs can include both VR Helmets and the kindes-shrough display glasses used in AR, so the
term VR helmets is used from now on to indicatechitof them this is.

5 Sourceshttp://www.inition.co.uk/inition/images/product _hmelybermind visette45sxga.j[fkpft)
http://www.stereo3d.com/img/vfx3d.jpgight)
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This VR solution was created at the Electronic ¥lmation Library at the University
of lllinois in 1991 (Cruz-Neira et al, 1993). Itdibeen in use and developed further
ever since those years in the early nineties,dalay's CAVESs follow the same basic
principles even though just about every technologplved in the design has been
upgraded since then.

It is possible to do collaborative work in a CAVIBce it has a larger area to move
around in. Only one user at a time can contromvibe/point, but many can see the
results at the same time.

Figure 4: Examples of CAVE setup$.
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This display system contains images projected awill in front of the users. They
come in various shapes and sizes but common featwkide that they have a high
resolution and when used for VR they are usualiylsioed with motion tracked
controls. The high resolution is achieved by hawdifterent projectors cover different
areas of the screen, forming a patchwork of imagesre the total resolution can then
be increased compared to having just one projectegr the whole view.

There are various versions of the basic idea; gmoject onto one flat wall in front of
the users, some onto bent walls that curve ardumdsders, covering more of their
field of view. Due to the cost of projectors théeese also appeared projects like the
GeoWall (Geowall Consortium homepage, 2007), whiichs to construct a working
Powerwall system on a limited budget.

The large space of these displays mean that mapigean view data on them at the
same time, making collaboration and presentatisieeaCombined with stereoscopic
glasses all users can get an increased sense efr&iom, even though only one at a
time can control the viewpoint since the computanrs only display one viewpoint
corresponding to one user.

6

Sources:
http://www.eonreality.com/images/main/display_sys$éeon_icube_installation_3_230x173.jieft)
http://cic.vtt.fi/AD/images/caveleft.g{fight)
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Figure 5: Examples of Powerwall setup3.

e

This is a rather new type of monitor that aimsreate a stereoscopic effect for the
viewer without using any external hardware suckfRshelmets or glasses. It can be
used for VR since the stereoscopic effect enhatiheesnmersion.

Small lenses are used to focus different rays aepted light out into different parts
of the space in front of the monitor. This meara ffou can have separate images for
the left and right eyes projected at the same tirhe.stereoscopic effect depends on
the user’s head being in the correct place to vedkie separate rays however. This
creates what is known as a “sweet spot” wherettdreascopic effect works fully.
Outside this area the effect is lost.

Figure 6: Examples of autostereoscopic monitors.

" Sourceshttp://accad.osu.edu/~aprice/courses/BVE/images/ppperwall.jp(left)
http://graphics.cs.ucdavis.edu/~okreylos/ResDevf&ioop/Powerwall.jpgright)

® Note that the image on the left is digitally editey its creators to illustrate the depth illusion.
Sourceshttp://www.inition.co.uk/inition/images/product _stevis_opticality 24.jpdleft)
http://www.inition.co.uk/inition/images/product stevis dti vw1l9 2.jpdright)
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This control has a handle mounted on an arm wittorieed joints. The actuators in
the joints can generate forces of various streagthfrequency and thereby create
haptic feedback. The user both controls the sysliemetly by moving the arm around
and simultaneously gets haptic feedback from it.

The arms can be of varying sizes but a common riedtw all is that they due to their
design offer full 6 degree of freedom (DOF) movem&mce they are mounted on
arms the volume of space the control can be mavesllimited, but within that space
the control offers three dimensional movementss ifiiers a natural way of moving
and controlling virtual 3D space.

These arms seem to have come from the robotic antnats used in the nuclear
industry (mentioned in chapter 3.4.2). A major Btheough for them seem to have
been the PHANTOM haptic interface (Massie & Salighd994), a name that is still

in use for a product line of haptic arms today frih® company SensAble (see Figure
7 for two examples).

Figure 7: Examples of haptic arms’

)i##

This is a set of motorized parts that are mountethe user’s body to form an
external skeleton of sorts (thereof the name). &loé®en have the general function of
external limbs of sorts. They can generate forcgs the user’s attached body parts,
which provide haptic feedback. When your virtuahthdits a virtual surface the
exoskeleton can generate enough force to alsoystapreal hand from moving any
further in real space. The exoskeleton’s histotyrisfly outlined in (Stone, 2000, p.
2-3). Today there still seems to be mostly reseprototypes of this technology. The
only real commercial products | have found areGlberGrasp (Figure 8, on the
right) and CyberForce by the company Immersionh laotd-ons to a VR glove that
are in essence small exoskeletons.

® Sourceshttp://www.inition.co.uk/inition/images/product_iptic_sensable_phantom_omni_03.jpg
(left) http://www.inition.co.uk/inition/images/product_fiptic_sensable phantom_desktop 02.jpg
(right)
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Figure 8: Examples of exoskeleton¥
W% 5

)!1%!

This is a glove that is tracked in real time toegavnatural movement. Not many
product types exist, but they come in two gendaaiors. Pinchgloves are motion
tracked but only register the contact between fisged map software commands to
that, so you “pinch” your fingers to make somethiragppen. Datagloves are also
tracked but contain flexibility sensors that selhng& much your fingers and hand
bends, and update the software accordingly. Neatetkiese two terms can vary a bit
but they seem to be the most commonly used. Cuverstons of these controls are
wireless and combined with motion tracking thatgia lot of freedom of movement.

Figure 9: Examples of VR gloves?

)%l 6

A simpler control type which can take many shafids.at heart just basically a
remote control. It is motion tracked, which allofrsedom of movement. It also has a
number of buttons which differ a lot between diffierr designs. The first CAVE

19 Sourceshttp://www.pureform.org/immagini/System/Exoskele2dpg (edited for clarity) (left)
http://www.inrialpes.fr/sed/PRV/CATALOG/IMAGES/Cyb8rasp.gif(right)

1 sourceshttp://www.inition.co.uk/inition/images/product gl immersion cyberglove?2.jiteft)
http://www.inition.co.uk/inition/images/product gle 5dt ultra.jpdright)
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system (Cruz-Neira et al, 1993) used an early tfpeand as control. The simplest
I've seen is that used in by the company IC:ID@higir installations. It is simply a
stick with markers added for optical tracking awd buttons for different functions,
like the buttons on a mouse.

Figure 10: Examples of wands?
) 5

neo %.

A form of mouse-like control that is created spieaify to ease navigation in 3D
space. These can take different shapes and sizesndst natural I've seen is those
from 3DConnexion, such as the SpaceNavigator (Eigdr on the left) which is a
simple rounded shape squeezed, moved or pulledeblgend. Regular mice operate
only in two dimensions so a new device like thi;itended to make the navigation in
3D space easier and more natural by mapping theavitamera’s movement to a 3D
control.

Figure 11: Examples of 3D micé?

12 Sourceshttp://www.inition.co.uk/inition/images/product_3uiut_ascension_wanda_01.jeft)
http://www.icido.de/mediadb/Pictures/Hardware/IC Gintrol_1_160x160.jpgright)

13 Sourceshttp://philip.onetwenty.org/wp-content/uploads/2(0Bspace navigator.jdeft)
http://image.bizrate.com/resize?sq=400&uid=7432(f&ht)
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Y 0

As described above. It is listed here a second tiniéustrate that it is a technology
that combines input and output in the same inteffas many other of these
technologies can do.

1

1!

Much time has been spent studying this field andtimahis research has taken the
shape of published research papers found in odhatebases such as ACM and IEEE.
The initial studies were meant to give a cleareagmof how VR works and to look
more into the various parts of this field that earup. Later on the studies were more
about finding specific facts and theories once ghdwuad been learned about both the
repair method work and the field of VR.

Market searches were also made in the form of erd@arches, to try to establish a
realistic view of the marketplace for these techgims. Two categories were looked
into, developers and suppliers, to get both an addeow many companies that create
products related to VR today and an idea of howynsdores sell them.

None of these have any formalized results to dysptestead the knowledge gained
from literature studies saturates this whole repbis what all knowledge | have of
VR is based on. The market searches are also foduispthey are the base of my
views of what this section of the computer businggi&e today.

1% *

1# %

It was planned to start data gathering by doingnladion studies of the REMs work
on methods. The idea was to do observations aidkes in their natural workplace
when they worked on creating or verifying methodse interviews would then be
used to follow up and expand on the data gathéwee t However, due to unfortunate
timing there was simply no real work being donen@thods in the project period
where | needed to gather my data.

| waited some extra time for work to turn up thablld observe, but after several
weeks | decided to go ahead and start gatheriregtdedugh interviews instead and
then do observations if time and work permitteldtier on. No repair method work
ever occurred at times when | could attend so t&dply | never did manage to get
any formal observational study done.

1i#1#

What | instead relied upon was more informal steid@onversations with people |
met in a hallway, phone calls and emails askingtijoles, and several shorter visits to
the workshop all helped build a picture of how tépair method work was done. |
also received a few walkthroughs of the workshag @none point also a repair
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method that would be created later on. They hefpedte a good image of what the
work was like in my head, even if | did not have &mrmally produced data on paper.

A major help has been the regular meetings | hadewith the two managers that are
most closely related to this project and its usévery other Monday since the start
we met for half an hour and discussed my prog@eshese occasions | often took
the opportunity to ask questions about how theirepathod work works and how it
is organized. They could also keep up with whatkweas being done at the time and
give their opinions on the direction the work wakimg.

1'#1%

In order to get some personal feel of how thedenogies work visits to a few
different installations of different types of VRctenology were made. Two resellers
of VR technology and three installations at compamind institutions that used VR
were visited. There were no possibilities of corohgcformal test or observations at
those times but the visits helped tremendouslynimg me a personal feel for how
some of these technologies actually feel and lad@kwhen using them.

11%

| chose to do interviews for several reasons. Qe was that the number of
subjects available to interview were only roughi@ people. With a low number of
subjects it seemed more likely that a good amofiasable data would be acquired
from a method that could probe in depth. Anothasom was that | wanted a more
personal view of each REM and since there weredietivem | concluded that an in-
depth interview would give better data.

A total of 7 interviews were conducted. All of thevere between 1.5 and 2 hours
long. The persons interviewed were all REMs atcthvapany and all worked on
different parts of the trucks (i.e. engine, gearh®ig.), thus giving a broader base of
facts. The interviewees are written down only bynber, never by name, a fact |
informed them of prior to starting the interviewse subjects’ ages were not
recorded. However, an estimated average of alarasnd 40-45 years old.

11%)!

| chose to do semi-structured interviews. The s&mietured approach gave both a
base of guidelines to adhere to and the freedcewpttore issues in further depth as
and when they were found.

One of the reasons | chose this structure waghbainswers were hard to guess in
advance, i.e. | didn’t know what to expect. Therefbchose a format that allowed me
to probe some issues further in case they seenedng.

Another reason was that one of the main areashesliso explore was the way the
REMs work. That differs quite a lot from persormpterson in some areas as |
understood it so the method had to be flexibleadaptable to get as much data as
possible from each one.
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| chose to do a very quick introduction partly €ribey all knew of the project my
thesis is a part of, partly because | had alreattgduced myself at a group meeting
several weeks before the interviews started. ldisa met and chatted with several of
them around the office. The introduction was themebnly a brief reminder of who |
am, what | study and what my thesis is about, hed & brief explanation of what the
purpose behind this interview was.

There were three main areas | wanted to explore:
The repair method work, the way they work today
Their current experiences of computer systems

Their view of future work with computer systems

With the repair method work the aim was simplygarh as much as possible about it.
| wanted to find both the common practices folREMs and also the differences.

Their experiences of computers today were imporante it is something that will
affect their acceptance of future technologiethdfy have good or bad experiences of
computers and systems related to their work thihtivange the way they consider
working with future systems.

Their view of future computer work was somethingtthlso seemed important to
explore. | wanted a clearer picture of what thewof this technology was. Since
they all knew about the project my thesis is a paand | had heard that most of
them knew of at least the basic ideas of using Mi&gnted to know what they
imagined using VR technology would be like, orhiéy even had any conception of
what it could be like. After talking about computese for a while | therefore showed
them some pictures of a few different CAVEs, Powahaystems and VR Helmets.
Then questions about VR were asked. The choice&ctfrps was limited to just the
main three types of major visual systems to keefREMs minds focused on their
work. These three VR environments were meant tp keem on track in thinking
about their working environment without going imtetails of various technologies or
creating a negative impression by overwhelming téth advanced technology.

The content was structured after these three ardhe order seen above. | started

with the repair method work to get them in a frashenind where they think of their
current way of working before | moved onto the fettechnologies. The aim of this
was to try to aid them in thinking about their adtuse of the technology by making
them start out with thinking about their use of tierent tools.

The interview guide used can be found in the appeitds in Swedish since that was
the language used for the interview itself.

11%!% $

Due to the informal nature of the interviews anel fidct that no mediating objects
were used, few preparations were necessary. Aviasebooked with each REM | had
already been introduced to and a laptop and a aokelvas all that was present at the
interviews.

| planned the first interview to be a pilot testex | would figure out what worked
and what didn’t. It turned out that the first twibtlke REMs had to do theirs with little
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time in between, so in reality | got what amountetvo pilot cases. | then made
some adjustments to my interview guide and diddHewing interviews in the space
of two weeks.

The interviews took place in three different looa. The second was in a conference
room near the offices, the third and fourth in eakrroom nearby, the others in a
small break room inside the workshop. All were tamas that were familiar to the
REMSs, empty of other people and reasonably contitata

| started recording sound on the laptop (first agkheir permission to do so) and also
took notes on all that seemed relevant duringritexview. The notes were centered
on the three areas outlined in Content above. Quhe first interview | had not

found a program that worked well enough to recachsa long time so the audio
record of that interview is unfortunately lost. Tétkers were recorded as wav audio
files and then encoded as mp3s to make them dagise (and to save precious space
on my laptop’s hard drive).

11%!" 7

| listened through the tapes as soon after recgritiem as possible to keep
everything fresh in my memory. When analyzing tHamed my notes as a starting
point but also wrote down anything new | did notdaén the notes but that seemed
relevant. | wrote down all things related to theethareas | wanted to explore, one
paragraph per point. In other words | had a stfongs on which areas | wanted
information on right from the start in the analySiese were the same areas |
outlined in Content above. Anything that caughteay was written down however,
any point that seemed interesting or useful inwag or another. This produced a
total of 312 points of interest (see appendix Idafeomplete list).

After doing so for all 7 interviews | categorizdetpoints hierarchically. | started by
identifying major common areas and moving the patagraphs into that category.
When that was done for all paragraphs | lookecdénmon areas within the
categories just defined and made sub-categoriteeof, thus forming a simple
hierarchical structure.

This gave both a dataset that was easier to rehtiaardle and an overview of how
important various areas actually had turned obetdcSome subcategories were things
not previously thought of and some that were ekttt contain many facts and
comments turned out not to be so important afteGaime general indications were
possible to see right from the start, in other vgord

-/ 2 8

| planned a follow-up study after | had analyzeel ititerview data and compared it to
some of my original intentions. One of those intam was to show statistics over the
repair method work but the interview data was maitcsured enough to create a more
statistical analysis of the work process. Theresvedso some issues | felt | wanted to
explore in further detail, mostly related to findiout how much of the total work that
was affected by some of the requirements and idsksified.
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The follow-up was planned in the shape of a quest@e. The size was limited to
something the REMs could fill in in around 15-20oes. This limitation was put in
place because they are very busy and the result®Hhze collected in a short time,
thus | couldn’t risk them putting it off becausevibuld seem a dauntingly big task
they had to plan into their schedules. Therefoeeattmount of questions and the
number of possible replies were considered a balaetween result accuracy and
speed of input.

1% 9
The questions were based on three things:

What | deemed important to know more about aftafyaing the interview
data.

What | needed more facts for when creating the imgpfzhapter 6.5)

A need for more numerical facts on what effects poter technologies might
have on the work process and the respondents viBwsem

The survey was distributed via an internal onlinesey system to REMs at several
sites for the company around the world. Those @p#gting were all REMs. 18
guestions were created, all with multiple choicevegrs. No free text answer options
were given since the purpose was to create statiskius the need to fit answers into
one predefined option or another from all usersthatend there was a field where
they could write their own comments and ideas,toaais not tied to any question.

The full questionnaire can be found in the apperndia the results are summarized
below.

The alternatives for answers had different layamid numbers of alternatives.
Common to all were that the labels for the optibad some kind of relevant name,
i.e. even though they were generalized and sinfglg vere not just abstract numbers
on a scale. This reduction in abstraction was antselecrease the risk that
respondents would choose an option without knowixactly what they chose.

Three general types of answers can be found omadeygestions, plus a few special
lists of choices that only appeared in their owagjion and were not very similar to
any other:

7 of the questions (number 5 to 11) had 6 alteraatin the shape of percent,
going from 0% to 100% in 20% increments. These vafirabout the amount
of different tasks and properties in the work they This left no neutral
alternative, closest were 40% or 60%, because halidvant them to choose
the neutral “safe” option. | wanted them to thifdoat their work and give me
an estimate at least of if it was more or less thalh | considered 6 options to
be an acceptable tradeoff between exactness dfsesud speed of input.

5 of the questions (4 and 13 to 16) had a 5 pakdrt scale with a neutral
alternative in the middle. The exact answers wéferdnt but had the same
essence; that of going from negative to positive gteps. Here they were
estimating skills and attitude and | wasn't as sunat kind of answers they
were likely to give so a neutral option was inser@uestion 4 also had & 6
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option inserted which was Not Applicable, sincevdéts possible that they had
never worked in a workshop and replying to thissfioe without being able
to choose such an option would skew the resultdstt had an explanation in
parenthesis: (you never worked in a workshop) ecetivould be no doubt.

2 of the questions (17 and 18) had a system Iddigure out myself. It has
likely been used and documented before sinceadtsraple however. The
goal in both was to get a percentage estimatigheofatio between two
different answers. Ideally this would have beefidargy bar or similar which
went from one option to the other, but only mukighoice with radio buttons
was available due to the technical limitationshaf survey system. Therefore
5 different options representing different pointssoich a sliding scale were
made, i.e. 1: A 0% B 100%, 2: A 25% B75%, etc. Ehsas also a neutral
option since they were likely to estimate abouf tiair work being done in
each place.

The remaining questions (1 to 3 and 12) werela lilifferent from the others.
Question 3: Based on what was learned in interviwgsinformal discussions
5 different ranges of work experience were estithateyears and an option
added for those who had not worked in workshopereefQuestions 1 and 2:
the values for these were added by the compang sidicl not know all of
them. Question 12: interviews indicated that spdoi@s were very important
so an expanded list of 10 options numbered 1 twdi@ given to get a more
exact figure. There was also a Not Applicable apso those who do not use
tools could choose an answer without skewing thalte

11) 8

The goal of this mapping was to get what had beamkd throughout the project
down into a concrete set of data. This would tremesas a basis for conclusions,
together with what was learned from the other mggho

At first the idea was to create a table that mapyseat work directly to technologies.
However, there seemed to be too many things t@saach point of comparison to
make the grading useful to the company. Therefeeatched for alternate ways of
finding factors to compare and after a few needifessmplex attempts ended up
doing it by using three factors. In the ongoinglgsia of the technologies and repair
method work | found common denominators in sevaraas. | used these to link
users and technology.

!

Three words are used to group the different fadgtorslved in the mapping:
Requirement
Technology

Property

Requirementis a demand or need that the user or context obluee system
creates.
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This is the user end of the mapping. Requirememrtsvhat the users need to do their
work. It can be both usage-related things like Hitger Acceptance and more repair
method related things like Take Standard Times.

Technologyis a type of technology that is available for irs&R systems today.

This is on the level of technology types rathenthadividual products. As mentioned
in definitions of VR | have chosen not to adherany strict academic definition of
what should and shouldn’t be included here. Insteemed it more important to
show the company the types of equipment they caaterier when searching for VR
providers. I've therefore included those technagdimyself saw the most of when
doing literature studies, specifically the marledrshes.

| have also included regular mouse, keyboard amitorg partly for reference in
comparison to more VR-specific technologies andlypaecause there are products
on the market for regular computers that are cafledhat the company will
encounter (mostly software solutions).

Property is a trait that is common to several technologies also has some impact
on several requirements.

When mapping to requirements the grade is a mea$the impact the property has,
when mapping to technology it is a measure ofiégree to which this property can
be provided in that technology.

1)#

The layout of the table is set up to make it pdedib compare 3 different factors in
the same table. Since properties are a sort oflengtdund between technologies and
requirements they map to both of those factorsnThere is a grading of each cross
between factors.

The table can be read either from requirementsutir properties, to technologies, or
the other way around. You can for example statbbiing at a requirement, see
what properties are important to fulfill it, theeeswhich technologies best provide
those properties. You could also start by looking/laat a technology is good at
providing and then see which requirements thospguties are good for. In other
words it can be used both to figure out what tofasa certain aspect of repair
method work and to evaluate of what use a ceréhrtology can be.

This style of table was based on one called PISW&ch | was shown examples of.
That format was larger however, it compared 5 diffie factors in a similar way, with
the 4" factor going down vertically to the right of the and the % crossing the 3
horizontally below that. The company used it fomgointernal work and it turned out
to be good for comparing several factors at onoaly needed three so | adopted the
basic idea.

The table can be read like in Figure 12. In thisnegle you start by identifying a
requirement (step 1), and then you find a propédy has a high impact on that (2,
3), follow the column for that property down ane sehich technologies are good at
supplying that property (4 and 5). The table cqu&d as well be read in reverse
however, so you can start by examining a technosogythen end up seeing which
requirements that technology is good for in whaysva
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Figure 12: Example of how to read the mapping data

11)1%
The scale for grading that is used in the table is
X : Not mappable
-1 : Negative
1: Acceptable
2 : Positive
3 : Extremely positive

“Not mappable’ means | have not found any way through factsasoning to make
a useful comparison of the two factors involved: &mample, | have no way of
relating a visual output property to a direct cohinput technology. Trying to do so
would just make it far fetched and therefore useteshe company.

“Negative’ is a grade that means something would have @emitie bad impact. It
could be major or minor, but as long as the tatgdact the grade represents is on the
negative side the grade is set to -1.

“Acceptablé’ means the impact is on the whole good rather treghbut not in any
especially noticeable way.



Page|36

“Positive’ means there are reasons that this grade will sfmwething to be
noticeably good.

“Extremely positive” means that facts and reasoning shows that thadtgd this
grade is very good indeed.

The grades have no neutral alternative. A neupibn would give the company no
real added knowledge of what is good or bad ansl tlot be very useful to them. The
only grade that resembles neutral is the x, butdgrede is in reality outside the scale.

The scaling is somewhat relative, i.e. | have radingd absolute limits for each grade
but instead used them as a more general indicEterreasons for this are that | have
had only brief introductory access to the VR tedbgies and some of them | have
not been able to try at all. | have therefore hagossibility of conducting user tests
on them, whether with myself or with the actual esdrs. It has also been hard to
track down scientific data that shows direct eviiduns of technologies, or direct
comparisons between technologies or different dspgdhem or abilities they
posses. There simply doesn’t seem to have beerspatlimuch work in that area.
That also contributes to the difficulty of creatiagsolute limits for the grading
system.

The grade itself when comparing properties to tetdgies is set to give an indication
of how this type of technology will normally perfarso in the nature of the
generalization the grades are set for what alslitie normal versions of the
technology seem to have. Where it is applicablgaexxtensions and variants that are
available but not integrated as a standard in tineent market have been indicated in
comments instead. This is meant to create datastimabre useful to the company
when contacting suppliers.

Another factor for making grades less absolutbas t wanted them to illustrate
differences between the different factors compasedte | felt that this would give
the company a better set of indications. If thalgsawere absolute then it is likely
that many more items would have the same gradesyuld be harder to create an
absolute scale that illustrates differences aglgleBhus, | have defined the different
levels of the grades in a more general sense iteowt absolute limits in numbers or
otherwise for each level.

The reasoning behind each grade is included amaneat for each cell in the table,
and shown in a list in appendix E. Since many neasoe similar or even the same,
the whole or parts of the reasons have been ciyeitvdeen grades where applicable.

There are no negative grades in the propertiesgoirements mapping. | could find
no negative impact from any of the properties tistead the requirements themselves
are by their definitions inherently positive, iaaly things that are wanted or needed
in some way.

!

At first the idea was to map Problems to Solutiavisere problems are what the
company needs and solutions are the technologms.idea came from the
problem/solution duality, so problems would be tealbgical solutions. However,
this wording led to a way of thinking that was twegative and | didn’t want a
negative word like Problem associated with reghls came from the users.
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Therefore | changed my way of thinking and endedisipg the simpler
Requirements and Technologies words.

Several other changes were made in various iteatidile listing the items in the
three different categories:

The need for total data availability was identifeesla possible requirement but
not included. This was because it was a proceasecematter it was not in my
thesis’ field, as defined in this thesis’ condigsoAlso, it is already being
worked on in a parallel line of work that concetims software of today.

Collaboration was identified as a possible requaetsince it is found in
some VR and AR research, for example (Fjeld, 2@d@) (Burdea, 1999).
Questions were asked in the interview to examirgeahd it turned out the
REMs don’t work that way, they do the repair metlamk mostly on their
own then show the results to others. At most thigghtrask the opinion of a
colleague for some certain step in their work. Thugluded Communicate
Results but not direct collaboration in the virteavironment.

By definition, regular monitors and mouse/keybostiduld not be in the list
since they don’t add immersion and realism beyeugllar computer use. |
have included them anyway as reference pointhtcompany since they use
CAD systems with this hardware today and theresafsvare products for
regular computers on the market that call themsellRe, which the company
will likely encounter.

See-through display glasses were removed from Hygpmg. They were
originally included to make it possible to evaluasstain AR solutions. | later
concluded that AR as it is today would likely netd good solution so these
glasses were removed.

Stereoscopic glasses were originally also in thppimg but later removed.
The reason for this was that they were not realiguvant to have on their own.
The glasses by themselves can't really do anythutgnly have any effect on
the work when used in conjunction with other tedbg®@s. Thus | removed
them and instead included them in the definitioithose two technologies,
since all such systems | have seen include themeénwvay or another.

Here follows the final list of all three categories

11

( The REMs’ expertise in their field should be caidrie
over to the new VR system. Lose that and the users
won't be able to do their job, and the company gt a
lowered productivity. Informal discussions havewho
that the company are aware of this and agree.

The users’ acceptance of the technology shoulddie h
or it will be harder to make it viable for use iret
company.
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Learnability is defined as the ease with which neers
can begin effective interaction and achieve maximal

performance. In other words, the system shouldalsg e

to learn.

The hardware must be comfortable enough to work
for extended periods and should not risk causiragrst
or damage to the user.

The method engineers have to think about their end
users; the mechanics out in the workshops. Intervie
data showed that this is already an important ifsue

them.

Examining how components are fitted in place rezgui
careful positioning and evaluation of the working
position and freedom of movement. It is also imaott
to be able to see what other components lie invdne
when finding a path to add or remove a component.

The results of the repair method work should by &as
communicate to others.

Standard Times are a measure of how long a ceyéain

of the work takes to do. These times are addedtiege
and a total time for the repair method works as an
estimate of how long the job should take to doti8iEs
must be taken for all methods.

Regular mechanic tools are not always enough, s
the work requires special customized tools.

The working-position when doing a method must be
evaluated. The ability to reach a component ancefor
you can apply to equipment in different positions a
important.

The flexibility of components affects how the rapai
methods work.

mn . (

Table 2: Requirements definitions.

Most of these have already been introduced in end&pabove, listed here are the
definitions used for them in the mapping.

0

Controls with a handle that is often pen-shapedchvh
is mounted on an arm with motorized joints.
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Motorized parts that are mounted on to parts of you
body, and can then apply external forces.

Regular computer mouse and keyboard, as used tod

%.

Any of several kinds of specialized mice that asedito
give three dimensional controls to a computer sgste

ay.

A motion tracked glove. Comes in two versions, agith
the full flexing and bending of the hand and itgyBrs is
detected or just the contact between two fingers.

Motion tracked sticks with a set of controls. Senilo
remote controls.

Large screens with high resolution images projeoted
them. Seen here in the aspect of a visualizatistesy.
Images are seen through stereoscopic glasses. The
glasses are included since they are what givextna e
depth and | have not seen any Powerwall system tha
does not use them in one way or another.

—

A

Images are projected on 3 to 6 walls and seenghrou
stereoscopic glasses. Seen here in the aspect of a
visualization system. The glasses are includedsinc
they are what gives the extra depth and | haveeen
any CAVE system that does not use them in one wa
another.

y O

Helmets with small displays in front of each eye #me
rest of their field of view usually covered.

A monitor that provides a stereoscopic effect witho
requiring any external equipment such as glasses.

Regular computer monitors, as used today.

Either regular stereo equipment or surround sound
systems with several channels to provide 3D sound.

Table 3: Technologies definitions.

The immersion the user gets in the system. An
estimation of how present their sensory input makes
them feel in the virtual environment. Contains meack
issues that affect immersion.
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How realistic the system and its parts make theiair
world appear to be to the user.

The user's attitude towards the technological tbels
uses.

"Design factors [...] intended to maximize produdiivi
by minimizing operator fatigue and discomfort." —

American Heritage Dictionary. The ergonomics @& th
VR hardware itself, in the context of this work.

Feedback with sound, as part of a multisensoryfaeki
system. In Technology the mapping shows how well
this technology supports such feedback.

The ability to sense weight, as provided by the VR
hardware.

- The ability to sense touch, as provided by the VR
hardware.

The freedom of movement offered by controlling
hardware, including Degrees Of Freedom and
workspace volume.

The ability to directly track the user's movememd/ar
rotation of the control or of parts of his body.igban
be done by use of several different types of eslern
tracking technologies. The grade for Technologysha
how well that tracking is supported.

The scale is the proportion between the size of the
virtual object on the display and the size of thal r
object. A realistic scale would be 1:1.

The effect of perceiving the depth of virtual thsng

/ The portion of the user's view angle that can heicd
by the display, relative to the user's eyes

Table 4: Properties definitions.

<

<l *

No formalized results were created since there welginformal discussions and
observations to rely on in the end. Instead thlegened by informal observation are
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mentioned where appropriate in this report andhénreasoning behind the grades for
the mapping.

<I#

The full list of categorized data can be foundppendix B. Note that it is in Swedish
since that is the language the interviews weraethout in and that list contains
many quotes. Also note that person 1 appears ewtieif points of interest than most
others since the recording software did not fullyrkvduring that initial pilot
interview, thus points of interest were based gadel handwritten notes which were
fewer in number. Note also that Standard Time®#en called Volvo Standard
Times or VST since that was the official term & time the interviews were
conducted, it was changed later.

These were the areas the REMs talked about irséims-structured interview, based
on the three main categories | intended to seancftifles directly translated from
Swedish):

Repair method work
o Touch and weight
o Communication and cooperation
lllustrations, creation and purpose
o Work process
Organization
Concrete work tasks
Reuse
Facts on groups and areas
Standard times
Thoughts of end users

o O O

Special tools

o Personal traits
Present computer use

o Data access

o Computer experience

o Existing programs
Future computer use

o Touch and weight
Features
VR technology
Evolution of the work

o O O O

Evolution of this VR project
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As mentioned above this categorization was basdteoriginal intentions of the
interviews, thus forming the top level of the dathe lower levels were created both
from areas touched upon in the interview guidehsag“Communication and
cooperation” and “Features”, and from areas dis@/¢éo be common among them
when analyzing the data, such as “Thoughts of eedsti and “Evolution of this VR
project”.

As the structure above shows, the main part ofigha contained information about
the repair method work. This matched the main pabjintention of learning more
about how repair method work is carried out. Theriiews also gave much info
about both the circumstances surrounding the worgategories such as
“Organization”, and about the REMs themselves. Mdsthat was learned about the
persons themselves was on a more personal intamdetiel however, common social
interaction where body language, phrasing and airthlings gave me a glimpse of
what the person sitting in front of me at the twees like and by extension how that
related to their work.

A very important thing was discovered by this déta REMs have a clear focus on
the end users and think about them and their wgr&onditions a lot when creating
their methods. 13 points of interest were notethffodifferent persons. This was not
anticipated but a pleasant surprise. Some eveltagiesh knowledge of how it works

in different parts of the world and the differingnditions and cultures they work in
there. Not only is this shown in more formalizedas such as safety aspects but also
in their general mindset and knowledge of how tpeaducts are used. For example,
person 2 talked of how his methods would work imksbops around the world, and
person 7 talked of similar things and also reldtisdvork to his own experience as a
mechanic.

Special tools were indicated to be a very imporpant of the work. Several
mentioned that they much work time can go to logKor the right special tool for a
job. If such a tool does not exist, they have &ate a new one. This means it's
important that the VR system ends up supportingiaptool use in some form. A
problem for that identified here and confirmed witformal discussion was that it's
sometimes hard for the company to acquire the CAfa df tools they buy. The
suppliers apparently feel that it's a bad moveréarsons of their own, most likely for
competitive reasons where they do not wish to fmaridhe blueprints for their
product. A simplified CAD model could be made amdiviered with the tool but that
takes extra work suppliers apparently weren'’t keeeidoing, according to one person
| spoke informally to at the company.

The section of the interview where images of VRiemments were shown and then
guestions asked about the REMs opinion of them sladtat their knowledge of the
technology was not as established as | had orlgittadught. The images did not help
enough to give them good views of what VR was laditd and how it could work.
Thus the data from this section of the interviewsttyocontain answers related to the
work process (“Evolution of the repair method wosgkid “Evolution of this VR
project”). Several of them indicated that they haweard time imagining what
working with this kind of equipment would be likEhere was also a section called
VR Technology which did contain points of interesaited to VR, but those points
are mostly speculative.
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These results were used both as a basis for giradles mapping (where possible)
and for a more general improvement of the knowleafgeow repair methods work.
The summarized results of the question data ipted here in the order the
guestions appear in the questionnaire (see app&)dix

These are not to be seen as absolute exact nurbbérdyecause not all REMs have
replied and because the scales for answers wete &t options while still covering
large areas. Therefore accuracy is reduced and theslts are best treated as strong
indications rather than absolute truths.

Question

Result

1

Respondents were from 4 different locations, whih largest part (39%)
being from Lyon, France.

Respondents all worked on very different partshefttuck, indicating
that the other survey results are applicable fomywifferent types of
repair method work.

The respondents have many years experience of ngpikiworkshops.
40% of them have more than 10 years experienceodfimg in such an
establishment.

An average of 69% and median of 75% show thatébpandents have
used the kind of methods they create quite aibites/5% represents th
answer “Often”. Those who have worked in workshbgfre have muck
experience of using the kind of methods they créate

37% of methods require feeling their way aroundawverage. Only
around a quarter of them need to feel their wayraddn more than half
the methods they create, the biggest part of thgoraents (35%) need
do so only for 20% of the methods created.

43% of the methods require sensing weight to juglgeking position.
62% of respondents need to feel the weight of apoorant for less than
half the methods they do, with a majority (39%)isgynly 20% of the
methods.

50% is the average for the impact of how largeragfahe method the
weight judgment affects, with a median of 40%.

39% of the methods require that the respondenébleeto judge
flexibility of components. 27% of them answered @@ only 4%
answered 100% however.

4%

to

4 For these questions the 5 answers have been ddoai6, 25%, 50%, 75% and 100% respectively
in order to calculate average. This means the assave not numerically exact but the average % stil
shows strong indications of direction.
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54% of the time where flexibility has to be judgéd)as a noticeable
impact on the method. Note that those respondemishad replied 0%
on the previous question were excluded from thesaye since that repl
meant this question was not answerable (it had atogplicable
alternative).

<

10

44% of the methods created require the use of aecils according to
respondents. None of them have replied 0%, segfiondents use
special tools at some point, just not in a majasityhe methods they
create.

11

24% of methods the respondents work on requireriation of a new
tool. 70% of them answered 20%.

12

3.9 is the average amount of tools the respondesetd in each method
that uses one or more, with a median of 3.

13

An average of 82% shows that the respondents ayepositive towards
using computers in their work!

14

An average of 54% and median of 50% indicatestti@atespondents dg
not have noticeably positive or negative experisrafeoreviously
introduced new computer systems, when calculatedgasup. Individual
experiences may vary a lot but the majority of aarsw39% of them)
were “Easy”.**

15

An average of 76% approximates closely to the answestly skilled”,
which means the respondents think of themselveathsr good at using
computers®

16

An average of 61% indicates that the respondemtsider themselves
able to judge working position rather well justlbgking at a part*

17

38% of the respondents’ work is done in a workstiogimilar
environment, the rest in offices.

18

51% of the respondents’ work is done on the vehjdlee rest on
workbenches or similar.

Table 5: Questionnaire results.

A noteworthy result is that special tools were dadiéd by several interview subjects
to be a large part of the work, yet question 10aghthat only 44% of the methods
created require special tools. They all use them axed then (no one replied 0%) but
this indicates that it's only in slightly fewer théalf the methods they create. This
indicates that more than half the methods coulddre without the VR system
supporting use of special tools. This is an avefagall 4 locations represented in the
survey however, so results will likely vary withime individual locations.

Question 16 shows that experience counts for @hen judging working position
and indicates that visual feedback alone could R&pMs do a lot of that work.
Coupled with the experience shown in question 34atids indicates that much work
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can be judged by experience alone. If they geabistee enough representation of the
components and the interactions to work with theng that mimics the real
components they have experience from, then mayhmbieedback can allow them
to do many of the judgments they need to creatbadlst

Questions 13, 14 and 15 indicate respondents skegwcomputers for their work,
have few bad experiences of learning new systemsamnsider themselves mostly
skilled with them. Even though they have likelyulgbt of everything from actual
method-related work to emails and surfing the wélemvanswering, this indicates a
likelihood that new computer technology could beegted by this group of users as
well. This should ease the introduction of a VRteys

Question 18 shows that both work on complete vekiahd separate workbenches
should be supported by the system, since respasdegeneral seem to work as
much on both. Individual users likely work mosthyane area or the other but taken
as a whole group, 51% means both types of worklanest as common.
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The full results with all table data can be found\ppendix E.

Figure 13: Image of the final mapping table, takeras a screenshot from Excel

Figure 13 shows an image of the final table takemfExcel. The full table is not
quite properly formatted to fit on a page here scraenshot was generated. Totals
show the total score of all cells added togetheerage is simply the average score.
Grade count shows how many grades are enteredréhabt an x, which can be a
noteworthy factor since a requirement/technologygprty could have a high average
but only have scores in a few cells.
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Comments on the results:

It is visible that Good learnability, Take standdmdes and Move flexible
parts have the lowest grade count. This is becaftisefurther consideration
they appeared to be mostly related to softwaregssBome hardware does
have effects on them but for the most part thegtegio software, and there
Good learnability especially is very important. 8afre was not part of the
evaluation however, so few grades were generated.

Motion tracking and Field of view also have low dgacounts since | simply
couldn’t find many facts about the effects of eitbee of them, and could not
figure out logical reasons for grades based on destar.

The haptic related fields of Sense Weight and S&nseh are only supplied
directly by two technology types, despite touchiesf some importance for
several requirements.

A general indication of the importance of realisam ©e seen in the full table.
It has importance for many things, it helps transfeskills and increase user
acceptance among others. Also, many of the arguemesed in other
properties relate to realism in some way.

There are two main areas of x grades in the loigét portion of the full
table. These are caused by the types of propéeieg incompatible with the
technologies. Properties related purely to inpattdae mapped to output
technologies, and vice versa.

Figure 14: Summarized version of the mapping table

This is a prioritized table with the most importa@guirements and properties and
how well the best technologies support them, basetthe total and average numbers



Page|48

in the mapping. The 5 highest scoring propertieguirements, and 6 highest scoring
technologies are shown (3 input, 3 output).

<)

A special presentation was made at the compang.Was a one hour long
presentation that took place in a department mgetith an estimated attendance of
around 30 people. This presentation was aimedratacing the technologies that
have been examined in this thesis and summaribmganclusions. It was a very
good way of relating the results back to the REMad been in contact with during
this whole work. They are the users of this futdRe system and had given much
input through my work methods. Therefore a loopkbafcthat information to them to
show them something of what had become of it wasr@d from the start and carried
out in May, 2007, near the project’'s end. The preen was very well received
according to what | heard afterwards.

A separate summarized report is also created dnetl to the company. This has
the goal of showing the main technologies and tesuljust a few pages, so those
continuing work on VR within the company should betforced to read through this
whole report every time they needed something fitoithis was planned from the
beginning, and is well in line with the theoriesppbcurement competence since that
is all about generating results that raise thellefvaser awareness in the company.
To do that most effectively | consider it importamtnot only do user-focused work,
but also do a user-based adaptation of the re3iiey had requested such a report
and indicated they did not look forward to readingugh a long report every time
they needed info from it, so such a summarizedrtépalso delivered.

The mapping table is in itself also useable asuacgoof data and base for further
work. It has a button with a macro that generatégreamically sortable list for a
different way of displaying the data. It has beesidgned to give information at
quicker overview, but also more depth in definis@nd grade reasons by simple
mouseovers of the relevant table cells.

Finally, it is hoped that this report in itself Wile useful to the company. It has been
written with the aim of not only showing my worlytalso introducing and
describing the technologies and research donadriighd to those who might need to
work with them in the future.

>

>|

The interviews could have been more structureahosély structured style was
intended but if some more structured parts withetkect same questions to everyone
had been inserted here and there some initiabstati data could perhaps have been
gathered earlier.

The length and conversational nature of the inéevgiturned out to be an advantage
in one way | consider important: | got a very reldand friendly attitude from all
REMs | talked with. Most of them started out ah@sitant but loosened up once they
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got to talking about their work. The fact that theerviews were carried out in areas
familiar to them, their home ground so to speddelyi also helped them relax.

To illustrate what working with VR equipment isdikt would in hindsight perhaps
have worked better to show videos of the technologyse rather than just images. It
is possible that would have made it easier folRE®s to imagine themselves doing
their own work in that kind of equipment.

>lg *

| could have been more persistent in advocatingnegd for observational data. There
simply was no real repair method work to observiéhsoe was little to do however.
One of the REMs did mention that they might be &blset up a faked repair method
just to show me how it's done. This never happehedgh, partly because it was felt
that this would take up too much work otherwisensym® current projects. Also | did
not pursue this suggestion further since | regaedednstructed work situation like
this as something that would give me a skewed pets@ on the repair method

work; a faked repair method would give me sliglifliged results to put it simply. |
therefore chose to instead wait for some real repathod work to appear.

In hindsight | could perhaps have been more adamanirsuing this possibility,
since no opportunity to observe real work everarbkaving some formalized and
structured observational data on repair method warkld have been better than
having none.

| did get to see some work though, in the shapghefnformal studies. One of these
was also more detailed where the REM showed methewepair method would
work on the part itself down in the shop. He did Imave the possibility of doing the
repair method for real at that time, but that wad&tigh helped me a lot.

>0/ 2

This could have used an extra round of polishingesin hindsight a few of the
guestions are not as specific as | wanted. Spatifiquestions 6 and 16 which were
related to the working position but could have gidata on more areas if aimed at all
their work instead of just at judgment of workingsgiion.

There were questions in this that did not end winigeany specific use. This was
something | suspected could happen since the pdartavadd as many relevant
guestions as | could think of while still not madsithe questionnaire exceedingly
long. Thus questions were added that did not havexact planned use but were
based on what | had learned and still seemedHi&g tould give relevant indications
about repair method work.

>l

This could be a more probing, in-depth study. Hoevel/.chose to make a
comparison with breadth rather than depth becdwesedmpany will likely encounter
many different technologies and properties whilecpeding with the VR work. Thus

| reasoned they would get more benefit from aroghiction and overview of as many
things as | had time and ability to find, even thlou had to sacrifice some depth in
doing so.
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Many of the grades that have been set are baskdjical reasoning and not directly
related to hard scientific facts. This was duehtolaaick of availability of VR hardware
to run user tests on and also the lack of scierdéita that truly evaluates and/or
compares the properties or technologies in myTists is a known limitation of this
data.

? &

Skill Transfer and Realism is critical for the sess of VR for repair methods

VR Gloves create realism by natural interactiomtitzsarms mostly by haptic
feedback

Usability and user-centered development can be ddetafrom suppliers,
especially for the software

A user-centered attitude is already established
Haptics are not required, but very good for incirggasealism
Software saves time and money by automating makgta

Augmented Reality is not a likely solution
A

One of the two most important requirements in tleg@ping is the Skill Transfer.

High User Acceptance has a slightly higher avesagee but if you flip the reasoning
around and consider them as risks instead of rexpants, then | believe the loss of
Skill Transfer is a much higher risk than the losiser acceptance. If the users do
not accept the technology but have full skill tf@nshey will be less effective but can
still use their full set of skills to do all thdmrms of work. If instead they accept the
technology but do not have the possibility of udimgir full skills then their
performance is inherently limited by the technologhich impacts their efficiency to
a much larger degree. When this kind of reasorsrapplied it seems Skill Transfer is
the most important requirement after all.

The highest scoring property was Realism and alschnof the reasoning behind
many other grades turned out to be related tosreaMuch in the way of realism can
be achieved through software by realistic rendegitag What the mapping shows is
that realism affects many of the requirements atat much can be done to fulfill
those requirements by hardware.

20 1# : @

The biggest benefits of VR Gloves seem to be tlerakinteraction achieved
through a large interaction volume, motion trackamgl a good contribution to the
illusion of presence. This is what the mapping éatks, though admittedly the
numbers are not scientifically proven.
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Haptic feedback has proven to be a help in worklaimo the company’s, according
to the literature study. This is partly becausadteases the realism of the interaction.
Haptic arms seem to be the most likely source ofi $eedback and my judgment in
the mapping is that they are excellent at providiroyt limited in areas where other
controllers are better.

Both controls are therefore likely candidates féfRasystem at the company since
they both contribute to realism, which contributeskill transfer. VR gloves have a
higher total score in grades but haptic arms areecll have not found conclusive data
to indicate that one is better than the other ggiicant amounts, only indications
that VR gloves could be slightly better due to tlagéuralness of their interaction.

201% 2
@

User-centered development is good because it atteptsols to the users, making
them more efficient. Far from all companies havs type of development process
today however, and in order to drive it forward thusiness to business developments
of projects could be in more focus. Educating prersion the advantages of usability
should have a positive effect since then they caawkthat they can demand that too
from their suppliers.

The company has the upper hand in this positiGniab easy to feel that you are at
‘the mercy of’ the suppliers and just accept whetdtiey sell you, especially when
the technology is unknown and uncommon as it théncase of VR. The suppliers
are then experts in their field to a seemingly bigilegree, since there is less
competition and there is a smaller chance thaptbeurer has employees who are
already knowledgeable about the technology. Th&iesié extra important for the
procurer not to lose sight of the fact that they the experts on what the technology
will be used for and that is what matters the most.

Usability is very important in software. The soft@af today’'s computer market is
littered with products that simply haven’t beenatesl with the users in mind. One
way of countering that is to increase the awareogtigese issues in the consumers
and recommend them to demand usability from thdse sell them. This is in my
opinion just as true regardless of whether theymerds a private person or a big
company, and the product a mass market consunneité specialized tailor-made
business tool.

20 2

Interviews and informal talks have shown that tlieMR already have a very user-
centered attitude. They constantly think about itomill be to use the methods they
create out in the workshops and what will be goobaal for the mechanics that use
them. They have also demonstrated knowledge ofthewse of their methods and
conditions for working with them are at locatiomeund the world. That knowledge
also seems to be fuelled by a genuine interestdceertheir products as good as
possible for their users.

This means that embracing the concepts of useehtiesign and usability should
be easy since they are already in that frame ofimin
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However, interviews showed that previous attempiatroduce software related to
the REMs’ work had varying amounts of success. $imalar products had been tried
and it seemed that one of them was seen as verglermand hard to use and was
therefore used very little today. It is importaot the company to evaluate that
experience and keep it in mind for future purchasege interviews (see the chapter
“Existerande program” in Appendix B: Categorizeteiview data) and further
informal discussions indicate that it could haverbasability issues that got in the
way of using it in the work. It was simply not wethough adapted to its users and
thus they rejected it. This is of course not theagany’s own fault but rather a
deficiency in the software product they bought.

21) 0 8 @

From the start of this project the company hasthléf VR and Haptics together,
giving the impression that they see them as twiewint types of technologies that
are almost equal in some sense. Informal talks hbsgegiven the impression that
haptics will almost be a requirement to get thig isgstem to work, in the minds of
many of those who will drive this project forwatftis in relation to that that this
conclusion says that haptics are not required.

| have found out that haptics definitely are gooddnhancing the reality of the
system; several of the papers in my literatureystliam this. However, while |
believe haptics to be very good, | have not foumgiteing that says these
technologies are an absolute requirement for repathod work. Indeed | think many
parts of this work can be done without using haptirsing for example a wand or a
VR-glove without haptic add-ons. The mapping shives the large interaction
volume of those two controls is good for comporfétihg and skill transfer, two
important areas. However, even though | can sesomplete requirement for using
haptics, | have read enough reports that attat tsefulness in increasing reality
that | think it can be an advantage to use itpggble to do so.

The CyberGlove manufactured by Immersion has aroadthlled CyberTouch
which provides a small level of tactile feedbacktiny vibrators in the glove. That is
the control that is most likely to be good for REMs’ work in my opinion. This
would provide the benefits the mapping shows VR/gdoto have and also at least a
small level of haptic feedback to increase redifsm

In my opinion a truly useful haptic feedback devieerepair method work should
have as much natural interaction as possible, sirc®EMs need to transfer their
skills to the new system and imitating their nattwark should make that easier. The
only type | have seen that comes close is the eXesls but they are still very big
and clumsy. Thus | think a lightweight, comfortabbooskeleton would be a good

way of combining natural interaction with haptieéback, but there does not seem to
be such a product on the market today.

In other words, the ideal system would indeed Heagtics with both small and large
forces, but the technologies available today —tiesd have evaluated- have
downsides in other important areas where non-hapgitgpment is good. Therefore |

!5 Note that in the mapping this add-on was not idetlwhen setting the grades since the grades were
meant to be for the “pure” form of each technologpe only.
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mean it shouldn’t be considered as a requirementefmir method work, but rather
as an added benefit if possible.

2111

Many of the tasks that require finer accuracy plinand haptic feedback can be
automated by software. For example, tighteningposéning bolts could be as simple
as moving the virtual tool next to the bolt or that hole and pressing a button on the
control, whereupon the software will insert or reithat bolt by itself. Standard
times exist for many tasks and it is my understagdnrough informal discussions
that in the future there will be defined STs fomya@maller parts like nuts and bolts
as well. Given an ST, sizes etc. the software edcutate many such smaller tasks.
The VR hardware then only has to provide the RE&hwgbod enough degrees of
precision to judge the placing of the parts and #ie accessibility of the tools.
Interviews also indicated that the finding anditesbf tools are time consuming
tasks, and that is something that could be maderdasletting the software calculate
which tools that could work for which task.

The literature study showed examples of softwateraation, even some projects
where they had gone further than the company istéemdo. The SMG project
outlined in chapter 4.3 is the clearest exampliaat. | do not believe the company
should aim for those levels of automation sincé Wiauld likely exclude the REMs
from much of the work they do and make it harderttiem to take pride and joy in
their work. However, these projects can serve asges of what the software can
do and smaller parts of these ideas could aid EMdRin their work without
removing the application of their skills in it, nedy removing the smaller tedious
tasks to make more time for other more engagingsare

?ll<

The goal is to remove physical objects completely move over to virtual. AR
mixes physical with virtual and is therefore byid#fon less relevant to the project’s
goal.

Generic physical objects could be used to simutaiks, sometimes called Props (for
example in (Ortega, 2005)). The advantage of tloislevbe to give the user a tactile
sensation while controlling input, while still keeg the equipment cheaper and
simpler than controllers with full haptics. Howeyamajor problem with this for
repair method work is that there are so many diffespecial tools and they all have
very different shapes, weights and sizes. The pnapgd have to be equally varied in
shape and size to match the tool currently beiegl ustherwise they could give the
wrong feedback to the user and thereby affectapair method negatively.

If your hand tells you that your tool is small lyaiur eyes tell you it's bigger, there
would be a confusion of sensory signals that wouddke it harder to work and might
even make the REM trust the wrong signal. Polingle{2003) show in their
literature study that sensory feedback data frortiph&l senses can give extremely
varied results, so to use AR this would have todrg well researched and tested
indeed if it is to work.
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The biggest benefit of haptics here would be makiregsystem realistic and thereby
making it easier to transfer the skills the REMsehd he concrete benefits consist
mostly of giving clearer indications of collisioaad of the weight of components.
Collision indication is helpful in assembly/disasd®y and weight when judging
safety issues.

The weight of components is necessary when cornisglsafety aspects but the only
available equipment that can simulate that to atigfying degree is an exoskeleton
and they have deficiencies in many other ways éswltaard to get. Therefore |
consider weight simulation to be a minor point tivatlld be nice to have but is not
realistic to demand in today’s technology. Muchtef work that is affected by weight
judgements could still be possible to do by hathegsoftware indicate the weight,
perhaps by using color scales or simply by printheyweight in kilos on top of the
component you are currently working with.

The company will continue to hire experienced meada® This has two main effects.
Firstly it means that the factors that concernttaasfer of the REMs skills to the VR
hardware will remain important in the future asw8kecondly it means that to a small
degree the demand for reality offered by the hardvuslessened. This is because
much of the regular work on the methods will conéirio be done by people who
have many years experience of working on the tritksal life. Given that
experience, | do not think that every small parthef work needs to be simulated,
since they already know by heart how many of tlustéeel, how many of the parts
handle, how many of the parts fit together etc. Miogportantly the survey and
discussions show that their expertise means thew krow much space is required
both to be able to remove certain parts and to naagwe®l, which means that there is
less demand for -for example- external forces $iratilate contact with the
environment, such as those given by an exoskeleton.

Al l# + B

It could be used in the workshops for the end useasfuture development. AR
would be used to show the methods directly on tmponents. Repair method
creation could then also contain working with ARv&ify methods created with VR
on the final physical trucks. This would requirbuiye amount of infrastructure
however, since the company has repair shops alltbeevorld and as many as
possible would need to be upgraded with expensieleriology. Transferring data to
the shops would also likely be harder since tha dete would be larger than today’s
methods. My guess is that there would have to theresubstantial benefits or a
dramatic decrease in price for the technologylit to be a viable choice. Thus | do
not consider it an aspect of the use of VR tectmpofor today and will not evaluate it
further, though it is worth mentioning since | estie it could conceivably happen in
the next 10-20 years.
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Al'l%

There are too many examples of software that ise€ful. It would be so easy to
improve all computer technology that exists if thesas just a clearer focus on the
users when it is developed. For this company tliliso& especially important since
their users are not computer experts and will mogxpected to be so in the future
either. This software must have high usabilityler isers will be unable to do their
work fully, which of course means the company lasesey.

Al

Data access must work or there is no point in aoirig work on the project until it
does. If the data for the VR system is not fullaitable and there is not a working
system for retrieving it when needed then it withgly not be possible to do useful
work with the VR system. If only parts of the trsokan be loaded for example, then
most of the component fitting would be hard to thwe you will likely need to move
a component past parts that don’t exist and theisar shown. If data is missing then
only small portions of the work could be done ambuibt the VR system would be
worth the investment in that case.

/

An in depth study of the comparisons | have madeermapping could be of value.
Hard facts on the most important issues approatttexd will help deepen the
knowledge of what works and what doesn’t work fair methods. Keeping with
the idea of looking at everything available, geftmore concrete data for as many
types of different hardware as possible will helpken the judgment of what kind of
system the company should finally buy.

The company does not have to buy the hardwarestat teowever. It could likely rent
time in existing installations at other companied perhaps also try some for free
from suppliers that are eager to display their wal@portant for this is to try to
create user tests involving REMs so as not tofleses on the baseline: the future
users. Data has been prepared for this type oébesidy, so as long as time is
secured in VR installations tests should not bediiccult to carry out.
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% C

Snabbt presentera mig sjalv (korta ner dar det\®ho

Laser MDI — innebar att fokusera pa dem som skaraa systemet snarare
an tekniken

Presentation av exjobbet
Utvardera anpassningen av tekniken till deras jobb
Min asikt: Forsta stegen pa en gradvis utveckling

Vad har de for arbetsuppgifter?
Forst allméant, saker de gor och platser de argzfarsspecifikt om metoderna

Hur anvander de existerande metoder? Hur stordetlzetet kraver skapande av nya
metoder?

Hur mycket av arbetet laggs pa specialverktygen?
Vad ar de storsta problemen med hanteringen axygak?

Hur mycket kontroll 6ver hur arbetet ska ske uterkstaderna behéver man bygga in
I metoden?

Hur fungerar kommunikationen med medarbetare médygande uppgifter, t.ex.
illustratér och skribent?

Vad anvander de for datorteknik idag? Hur? (intenicket detaljer om nuvarande
system)

Vad ser de som "ny” teknik i arbetet? Nar jag satgrvad téanker de da?
Hur kan de paverkas av ny teknik i arbetet octvéitidags?
Vad tycker de om forandringar i arbetet?

Vad vill de se for funktioner?

Vad behover de, vad maste absolut fungera? (ystis som efterliknar
fysiska verktyg)

Vad far absolut inte handa, vad ar viktigast attvika?

Vad skulle vara roligt eller haftigt att ha? Huul& det vara roligt att anvanda
VR teknik?

Introduktion till VR
Kort definition, bilder

Har personen sett nagot exempel pa VR?
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Ar det ndgon del av deras omrade som skulle tj@ndm (som de forstatt tekniken)?

Hur tror de att deras resultat skulle paverkastegaaover till att jobba med VR
snarare an fysiska verktyg? Hur skulle de sjalwaepdas?

Ta exemplet handske och hjalm, vad tror du om det?
Vad tror du om att sta framfor en powerwall ochjab

Sammanfattande:
Vad tror du om projektet som helhet, vad kravsfdiesatsning pa det har?
Tacka for tiden
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DE
1: Kraver precision, finare arbeten ar svara atagin man inte kan kanna tyngden
och "vicka” de déar sista millimetrarna

1: Just vikt ar ndgot som beaktas noga eftersortedet till risker. Ligger man under
bilen och tar loss en komponent som véager 10 Kilardet farligt om man inte sakrat
den. Om det da &r svart att kanna den vikten néodee skapas sa kan det oka
skaderisken da metoden hamnar lite for langt femkligheten.

5: "det ar inte millimeterpassning”, inte sa masgier som kraver den precisionen.
Finns saker som kréaver hundradels millimeter pregismen de rdknas fram via
formler.

7: Tar exempel pa att det kan finnas delar dar maste kanna sig fram, t.ex. bakom
instrumentbradan

7: Pratar om att kénseln ar viktig
D
1: Personen foredrar att jobba med illustratérénli@. vara med pa Bilder-moten

dar bilder véljs ut. Det verkar dock inte vara rtdgav pa det utan det verkar vara
nagot som de flesta metodare gér som de vill med.

2: Kommunikation med skribent och illustrator dikalfran jobb till jobb
2: Hade en genomgang med dem innan VST sattes arenetoden var fardig

3: Kommunikation — pratar om sammanslagningerntidrmatorer. "helt plétsligt
forstar de varfor de gor en bild, forut gjorde deeben bild”

3: Vill ha med informatdrerna hela tiden egentligam ska vara ett team”. "hojta till
nar man inte forstar”

4: Tar fram underlag for illustratoren. Det gordis&text som mojligt, "vi skriver
ingenting”, for att halla ner kostnaderna men odksatt "en bild sager mer &n tusen
ord”. Det kan finnas lite siffror men oftast inteem

4: Arbetar tatt ihop med illustrator, jobbar pa saansak
4: lllustrator kan ta foton for att f& underlag sham sedan kan forbattra

4: Har ingen skribent. lllustrator kan kanske am&skribent "utan att jag vet om
det”

5: Han sjalv ar skribent, jobbar med en illustra@morganisation gor dock att han
inte kommer att fa fortsatta med det utan baragobibare med metod

5: Har inga problem att jobba med illustratéren
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5: Jobbar ibland aven med externa illustratérefadéland komma dit sa de kan
stamma av hur allt fungerar

5: Han tror det kommer bli problem med att mang®metod och sedan lamnar dver
det till en informator

5: Ledningen har tyckt att det fanns problem i uanandet till illustratdrerna men
han tycker inte att ndgon av de andra kant av det

5: Sager att detta nya satt att jobba provats bari& och att det inte fungerat dar

5: Pratar mer om organisation, att éversattningdéayer pa informatorerna. Han
fragar sig om man verkligen sparar in ndgot pasateta ut” arbetet pa flera
personer.

7: "vi hade en dialog hela tiden” med informatéren

7: Informatdren ar inte med i verkstaden hela tidem gor sitt jobb vid sin plats
sedan ar det kommunikation som galler

7: Han skapar metoden och sedan skapar informabiicar som han tar tillbaka till
metodaren for koll, sedan skickas det ut pa remiss

7: Kan ibland fraga andra metodare vad de tror oivigs komponent och tar till sig
av deras forslag

@
1: Man forsoker ta fram bilder i sa stor utstracknsom mojligt

2: | ett exempel pa en ny del var bada med octyfaferade
2: Bilden kan visa att man behover anvanda harfdeimte anvanda verktyg
2: Bild som visar att nagot klickar for att det gja@att kontrollera sa att allt sitter ratt

5: Han tar fotografier under tiden, vet av erfaenlilka vinklar osv som kommer
funka bast. Detta blir underlag for illustrator

6: Han tar sjalv bilder under metodskapandet ocldga informationen till
informatorerna. Tar ofta fler bilder &n de behov&mnar 6ver informationen till
informatdren.

7: Informatoren tar bilder pa det som verkar retéva
F

*

1: Design-review moten - Planering (infor kommapdejekt, kravstallning?)

1: Arbeten kan vara forandringar och uppdaterimyaexisterande metoder, kan &ven
vara nya metoder dar man utgar ifrdn gamla. Dbta@att ateranvanda existerande
metoder sa langt som mgjligt

1: Funktionsgrupperna jobbar pa lite olika satt
1: Metoderna gar till remisslasning innan de slapps
1: Det ar ca 10 metoder per projekt

1: Idag far de ibland gora fejkade metoder, dedvesitsa av fardiga metoder som
inte provats pa fysiska modeller. VST tider upptsasnarare &n att provas noggrant.
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2: Antal steg i en metod ar gemensamt beslut

2: Det finns tusentals varianter, mycket att hédida pa

2: Product Market Request kan skapas

2: Idag tar de en bil och "ber till gud” att detaskingera pa alla andra bilar

2: Personen pratar om forsaljning och vad de kaa.dde far in kommentarer fran
kunderna och kan lagga forslag men de &r sistjaked

2: Metodarna kor en genomgang med metoderna mestrisétion
3: Nya motorer blir det mycket jobb pa

3: Listan ar prioriterad i nivaer, prioriteringaarkaven vara baserade pa vad som kan
ga sonder forst

3: De borjar med att gora en arbetslista dar d&ibeser vilka jobb de kommer gora
metoder pa, gors med skribenten

4: Ny metod for nytt tillbehor
4: "Minsta metodsteg som man gor”, med tillbehéita®t 20-30 steg

4: Maste ha fardig vagn, den forandras, forbatieda tiden och det tillkommer sma
detaljer som kan vara viktiga for montering, extsweuttrar som inte kommer till
forr&n senare i processen. Det ska vara en praohsféirdig vagn.

4: Kan hjalpa till pa en del andra grupper
4: Mekaniker som utfér metoderna ska ha 5 ars vadksana, de riktar sig till dem.
4: Metodarbetet gar snabbt i tillbehdrsgruppen

5: Koper komponenter helt fardiga, bakaxlar. Fatrinktioner fran leverantor, varden
sasom toleranser foljer med.

6: Pratar om att varje grupp jobbar pa sitt eget bian far kanske lite mer jobb med
sina extra bilder men da sparar man in arbete gjgkiet som de andra da inte
behover lagga.

6: "sag 60-40, eller 70-30” om tiden i kontor/méjamfort med i verkstaden. Det blir
en del méten med konstruktion

6: Namner att sakerna de jobbar pa inte alltidedféddiga sakerna, sa de kan andras.
Kan leda till att de maste géra om jobb.

7: Elkablage laggs in sent i konstruktion men tidigroduktion

7: Borjar med mote med konstruktion, paverkar tpacering med serviceperspektiv
7: Han jobbar mycket mot konstruktion, uppskat@e8

D

1: Vid &andringar som utgar fran existerande mettaleman med utskrifter av dem
och lagger fram verktygen innan man kor igang. litdabar i sma steg.

1: Dummy: en mockup som var helt korrekt forutomdan inte hade nagon vikt. Den
riktiga vager mycket och var svar att satta ditbdedvde skapa ett speciellt
lyftverktyg for att minimera riskerna for skada.
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1: Mycket start-stop under arbetet, det &r mangarsoger, manga méten man ska ga
pa osv.

: Borjar med att kolla verktyg

: Kollar specifikationer fran konstruktion/levetén beror pa samarbetet med dem
: Metodaren gor prototyper och skickar fram otihaka till leverantor

: "kollar upp hur det ser ut, vad ska man tankangd verktyg”

: "Placeringen, ratt bit pa ratt plats ar stomblemet”

a N N N NN

: Mekanikerna tar géarna ut instruktionerna i pappe

5: Pratar om att metodarna har mojlighet att sjigaa in bilder i metoderna men att
det bara ar han som gor det i dagslaget

6: Tar bilder, skriver upp vad man t.ex. ska véraiktig med

6: Exempel pa elektrisk varmare i motorblocket, fadste jag ta reda pa var den ar,
kan jag byta den, hur mycket jag maste plockafiisatt komma dit”. Montera loss,
rengorning, ordningsstall nya varmaren, satt lébden. Manga sma steg for att
manga av dem kan ateranvandas senare i andra metode

6: Nar ett moment ar klart tar han tid pa det. Gm kommer pa en alternativ l6sning
senare kan han gora om tidigare steg for att prova.

7: Ibland far han skruva isar delen flera gadngeaimhan kan géra metod pa det
7. Kablage ar viktigt

7: Metoden ar detaljerad for el, kan vara en pm s&a flyttas i en kontakt t.ex.
7: Jamfor sitt arbete med tidigare metoder paggaiide komponenter

7: Namner att det kan ga att ta ut delar aven d skiger att det ar kollision, det kan
t.ex. vara en mjuk plastvagg i vagen som gar gt bidan

7: Skriver ut metoderna pa narliggande komponesttkertar med ner i verkstaden
G E

1: Nar de gor metoder som baseras pa gamla sé & Kopia av den gamla och
bygger om den, originalet &ndras aldrig.

2: "Carryback” l6sning, forandra en befintlig kongition

2: Borjar med att kolla dagens metod, anvandersdemycket som majligt for att
spara tid och &ndrar det som behbévs

3: Carryover, "ett till ett”, lagger bara pa deranyotorvarianten. Bestams senare. 8-
12 manader innan. Kopierar gamla metoder

3: Uppdaterar gamla metoder

3: Nya 9 och 16 litare var det ganska mycket cagy@a "50% kanske”
4: Aldre metod kan man kopiera och redigera

5: Texter kanske kan ateranvandas till "60% sadar”

5: Han uppskattar att ca 50% eller sa av texterékaranvandas
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4: Tillbehor kan vara lampor, radio, navigationssys

4: Tillbehor kan vara nya digitala saker som slkagmmmeras med verktyget V-cads,
det ar bade hardvara och mjukvara "satta pararietrar

4: Tillbehor kan vara pabyggnadskit

4: Tillbehor ska kunna monteras dit efterat pa gavalgnar, ex stankskarmar
4. Kanske 30-40tal tillbehor pa nya vagnar

4: Styrenheter, maste fa dem fardiga fran andra

4: Det ar ofta el som saknas, kontakter som firinelpchemat men som inte ar
ditsatta annu. Man far lita pa de som sager atkal@imer finnas kontakter sedan.

4: Tillbehor vill Volvo gora sjélva, de testas &iikerhet och ska "godkénnas av oss
for att skruvas fast vagnen”

6: Hade delarna inte slitits hade de inte behova gdgon metod. Vissa saker gar
aldrig sonder, sa de gors ingen metod pa.

7: Elmetoder har fa texter och mest bilder

1: VST ar viktigt for mekanikerna da de jobbar p&ad. De far betalt efter VST, hur
lang tid jobbet bor ta.

1: Arbetstider for metodarna uppskattas till cax18ST tiden.

2: Tiderna tas efter att allting ar fardigt, nartaterna ar klara med verktyg,
toleranser och allt. Detta da for de nya delarnmatoden, gamla delar ateranvands
med tider.

2: VST ar satta efter dem som gjort jobbet ettgdarger, de ar inriktade pa de erfarna
mekanikerna

2: VST ar en verifiering pa metoden

4: Har inte sa avancerade metoder som de andrdtatdmara tid i princip pa att
skruva dit ett tillbehor”

4: Det finns VST tider pa mjukvara ocksa
6: VST ar bade garantitider och tid for ackordagbet
7: De har tider pA manga delar redan
( H E 3
E 4
2: Personen téanker ofta pa hur det kommer att flangee i verkstaderna runt om i
varlden

2: Personen pratar om att det ar viktigt att g@nktygen sa att det inte gar att
anvanda fel ute i verkstaderna, att "tvinga dehattlanvanda” ratt verktyg
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2: Renhet och sékerhet, pratar om miljon och atv&/bar krav pa verkstaderna for
att kontrollera sa att de har ratt miljo. Det f&tt att ratt miljo finns, det skrivs inte
in i metoderna utan dar poangteras bara att tagotrskall goras in en ren miljo.

2: "spela lite pa folks kanslor” — tanker pa mekanha och att géra metoderna sa att
allt kontrolleras pa ratt satt

3: Tanker mycket pa hur det ser ut i verkstaded@mner att de har bra kunskap om
europeiska verkstader men vet valdigt lite om axétar av varlden sdsom Asien.

3: Ser det som att det bade handlar om att tankg@éntin och att tinka pa det de gor
som support for kunder.

5: Pratar om att man tanker mycket pa sékerheskatior. Maste minimera riskerna
for att klAmma sig osv.

6: "maste visa pa en bild: sa sitter det, till maikarn sa han inte gér sonder det forsta
gangen”

6: Pratar om bilder som instruerar mekanikernaldilvisar att det t.ex. finns en
skruv pa ett gomt stalle, da kan mekanikern kamp&am for han vet hur det ska se
ut. "det ar i stort sett det varat jobb gar utyida mekanikern sadana saker som han
inte kan se”, de ger vagledning.

6: "ska gora det pa det snabbaste sakraste sattetkanikern far ju inte skada sig”,
"far inte springa forbi sakerheten”

6: Informationen maste stamma om verkstaderna akartroende for den. Haller
med om att det ar en del kontroll men sager att imankan glomma "den manskliga
faktorn”

7: "vi ska kunna visa mekanikerna det lattastesatt skruva isar en sak och satta
ihop den och att det blir kvalitet och &r riktigt”

7: Tanker hela tiden pa hur mekanikern ska anvametaderna, relaterat till sin
erfarenhet som mekaniker, "hur skulle jag gjort?”

2: Samma komponent kan vara pa olika stallen, neet@dar snarlika och da ar en
risk att man blandar ihop verktygsnummer

2: Mer om att kolla upp verktygen, om de inte pas#igerkar de nya prototyper
2: De far Utfallsprover pa nya verktyg
2: Aven verktyg ateranvands i s& stor grad somigtojl

2: Gamla verktyg kan andras sa att de fungeramfé@rmetoder ocksa, da kollar man
aven sa att den nya varianten av det fungerar reeguohla metoderna

2: Tips om verktyg kan komma fran andra verkstader

2: Nar ny metod ska skapas gar en del pa provachilemdel pa erfarenhet. Det blir
mycket att g& omkring och leta verktyg. ”... laggétdigt mycket tid pa att leta
verktyg, kollar gamla verktyg”. Gar omkring med keger i handen och letar nagot
som funkar.

2: Om verktygen aker upp pa tavlan, da ar de gadikan
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3: Verktyg designar de sjalva. De far en del hiédp externa foretag men de "ar inte
speciellt smartare an vi ar”. De ger hjalp meddt till bra saker som far verktyget
att fungera, material osv. "bollas” fram och tilkaetills allt ar godkant.

3: Utfallsprov

3: De forsoker anvanda vanliga verktyg sa langt saijligt. Det blir kanske 1-2 nya
verktyg per ny motor

3: Namner att man inte kan soka fram verktyg i magatabas eller liknande, man far
ga och leta i hyllorna

3: Han uppskattar att det finns ca 1800 verktyg.
4: Tar inte fram nagra specialverktyg, verktygeffran tillverkaren
5: Maste veta vilka verktyg som passar

5: Pa varje bakaxel tillkommer det kanske 3-4 wagkhan har inte haft nagon som
han inte tagit fram atminstone ett verktyg for

5: Provar och ser vad han har for verktyg
5: Samarbetar med externa leverantorer for attaskaepktyg
5: En prototyp kan ofta ta tva veckor

5: Uppskattar att han lagger 25-30% av hans tidtpieta efter verktyg som kan
ateranvandas.

5: Tycker det ar valdigt roligt att sjalv skapa agerktyg
5: Verktygen héanger "lite huller om buller”

5: Verktygen ar inte bundna till vissa gruppera&hn anvandas. Det ar stora
besparingar fér Volvo att ateranvanda verktyg

6: Forsoker anvanda sa lite specialverktyg somigtojl

6: Tar exempel pa verktyg for att skara ut vindnydet sparar man mycket tid pa.
Det ligger &ven i mekanikernas intresse att anvéieda

6: Anvander valdigt lite specialverktyg pa sitt Gae, "mindre an 2%”

6: "hitta gamla verktyg” ar storsta problemet. kes ar val det att man gor ett verktyg
som redan finns”. Kravs erfarenhet for att veta sewh fungerar.

7. Anvander "i stort sett inga” specialverktyg

$
1: Personen ar dppen for forandringar, sager atiatevarit mycket férandringar i
manga ar och han ar darmed van vid det

2: "det som vi jobbar med, det ar ju inte egentligad som kan h&nda, utan det &r ju
fragan om vad tror du kan handa” — relaterar béll egen erfarenhet, vad har det
varit for problem tidigare? Kan de héanda igen?

2: Diskuterar erfarenhet, personen har lart sigkeiypa sina ar har
3: Viktigt med tekniskt intresse
6: Namner erfarenhet, man ser lattare saker an amatdrig gjort sadant innan.
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7: "Ar kablaget s& har stort s vet jag ju rentefihetsmassigt att det gar att trycka
undan och komma at”, dummyn kan ge lite hjalp méarenhet kravs

7: Pratar om att han kan ta mycket pa erfarenhetané@jobbar med att verifiera
metoder

7: Har nyfikenhet for att I6sa datorproblem sjalv

I E

H
1: Inget samarbete med de som levererar delaéntigvart att fa CAD data darifran.
Det de far ar “skal”, bara ytan och inget av komgraterna inuti.
1: Alla specialverktyg finns i CAD

: Saknas komponenter

. Informationsbrist

: Det finns brist CAD data pa tilloehor

: Leverantorerna plockar bort alla varden franimigar som metodarna inte specifikt
fragat efter

3
3
3: Saknas CAD underlag for gamla delar
4
5

5: Leverantorerna &r inte intresserade av att lami@AD moduler, de lamnar bara ut
"skalet”, inga detaljer om innehall

5: De far en maskinritning pa hur verktyget sesam ar skapad fran CAD
5: De har fatt "knapphandig information”

5: Namner ater att leverantorer inte vill ge ubimfiation om vad som finns i delarna
utan att de sager att man maste kopa nytt ochupytala komponenter, aven for
enklare problem som tatningar. Han fortsatter ppatdeverantérer och att mycket
laggs ut pa dem i stéllet for att produceras inoohvy. Vissa av dem har ocksa en
dominerande position pa marknaden och Volvo "haitbher och mer i handerna pa
underleverantérerna”. Han pratar om att om marhélmer data frdn dem maste det
vara med i upphandlingarna men att leverantoreftadimte ar s medgorliga.

6: Far information i material fran konstruktoren.

6: Han kan fa presentationsmaterial med bilderfécdtka uppskatta metoden fran
dem, sedan gar han ner och gor den. Bilderna ger imm hur man ska gora. Det ska
dock &nda verifieras i verkstaden. Far ofta matpéamindre projekt.

6: Saknas information, "uppdateras inte ordentligt”

1: Jobbar nu "virtuellt”, anvander det order fdrlagskriva arbete i CAD

2: Mycket har kranglat, brist pA komponenter, onig@rat arbete, brist pa
kommunikation, fér&ndringar har inte delats ut.bl.a
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3: Aktiv pa projektmoten hos konstruktoren. "stickean fram hakan” far man
"bollar tillbaka” i form av CAD moduler

3: Pratar om Violin som exempel och sager att irtgjgar nagot dar, det ar nagon
expert som "gjort vad han kan” i stallet for vadmizehover

3: Namner att ett problem &r att "det ar plattatar om att det inte gar att jobba med
for att det saknas djup

3: Sager att foretaget har en vision om att anvé@etshar nya tekniken till 100 %
men "idag, med det som finns och det vi har, savkamte anvanda det speciellt
mycket. Det jag har sett gar inte anvanda tilldetor”

4: "det ar sa komplext det dar dateriet, och detikée jag satta mig in i”, kan inte
forsta sjalva systemet

4: Gor inte datasaker for nojes skull, och detinigée i arbetsbeskrivningen, sa
darfor satter han sig inte in i det.

4: De brukar lagga mycket pengar pa datorprojekt
4: Det gar inte att verifiera mjukvaran. V-cadsgpan haller inte jamn takt.
4: Det har inte fungerat ndgon gang, systemet ¢gxa

5: Tycker att totala arbetstiden med metoder dar sitéer framfor datorn "tenderar
till att 6ka”

5: "inte sa jag jublar precis”, han tycker detdligare att skruva nere i verkstaden,
ser inget roligt i att anvanda datorer, ser en kogpnellan de som tycker dataspel ar
roliga och de som ar bra pa DMU och liknande vegkty

5: "Ingen motstandare” till datorteknik men hanefdrar det praktiska arbetet

5: "Man slanger inte gamla” system utan det byggemed nya hela tiden. Ser det
som ett problem for det blir sa mycket nytt hetketi. Han har raknat pa hur manga
olika system de anvander och med delsystem uppsketh 30st

6: Har inte tillgang till "virtuella saker” utan tiéar andra ta fram.

6: Tycker de jobbar valdigt lite med ny teknik idadt de jobbar som metodare alltid
gjort bara det att de skriver in resultaten pa datallet for pa papper. Ny teknik "ar
ju ett hjalpmedel”. Har fortroende for tekniken aatth den kan hjélpa.

7: Namner att det &r manga olika system idag, adst rorigt”

7: Idag ar tekniken snabb, "nu kan man jobba mé¥Y fte nagra ar sedan var den for
langsam

7: Tycker det &r roligt att jobba med datortekisik,lange det fungerar
7: Ser det inte som att de anvander sa mycketkmjkte

7: Kan se komponentplaceringarna bra i dagensmaysten manga andra
avdelningars arbete tror han inte gar att géra

7: Sitter med pé packningsméten dar 3D anvands
7: Tycker det underlattar jobbet att kunna ga in se i 3D idag
7: ldag finns bara en dummy fér kablage, inga kadétanlagda
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7: Jobbar mycket med verifiering av metoder och 8& mycket med skapande av
nya, darmed anvander han inte 3D s& mycket idag

7: Tittar i 3D packning ibland idag for att fa eppfattning om var komponenten
sitter och ar den atkomlig, ar det ndgot annat kommer i vagen

7: Tycker 3D och datorer ar skoj. Har suttit odkt lée med 3D pa fritiden och spelar
en del spel

1: DMU lanserades till alla samtidigt och folk skacles pa kurser for att lara sig det.
Personen anvander det dock nastan aldrig eftersowad for krangligt och inte gav
honom de funktioner han behdvde. Productview ane&hdn dock ofta eftersom det
bl.a. har en bra sokfunktion, det gar lattare ita et han vill ha. Nu ar det projekt
pa gang som gor att han kanske maste anvanda D& dotk, datan ar i det
formatet.

2: Pratar om DMU, sager att det inte var fardidt ocker att satsningen misslyckats

2: Anvander inte DMU, "tappat gnistan pa det”, "fangsam framfart”

3: DMU tycker han ar vardelost "noll anvandarvahéy’, maste lara sig det igen
varje gang man startar det

3: For att undvika DMU akte de till konstruktoreroeh tittade pa sakerna hos dem
3: Tycker om ProductView, gar snabbt att lara sig

3: Anvander det nagra ganger i manaden. Ser offat@ ett mote som han sedan
kollar upp

3: Tycker det &r ett jatteproblem att de anvandlka@rogram inom Volvo. Tycker
att nar nagot "checkas in” ska det direkt gérassanatt det gar att anvanda bada
programmen.

4: Skriver in metoden i SID, hamtar projektbeskimgar. Anvander Impact. Har varit
pa information for DMU men tilloehor finns inte, daahytten, sa det gick inte att
jobba i det.

4: Problem i DMU med atkomligheten, svarighetsgradeh vikten
4: Anvénder inte DMU

5: Dagens datoranvandning ar framférallt i SID dwan skriver in metoden i. Tar 20-
25% av framtagningen som man sitter framfér datorn

5: Har inte haft nagon praktiskt anvandning av DMiitt arbete eftersom han inte far
nagra CAD filer. Har inte ens varit inne i det péde

5: Tvekar pa om det gar fortare i DMU
6: Man kan soka pa verktygsnummer i Impact. Aniséker han i verkstaden.

6: Impact ar bara gammal information som finnsp&everkstaderna, SID tar han
fran, dar finns nyare.

6: Har inte DMU

7: Har anvant DMU veckovis som mest
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7: Svart att hitta saker i DMU. Kunde ocksa ibldredo pa att data inte fann, inte var
fardig etc.

7: Pratar om Netmeeting och att férr var det tdigft svart, men idag fungerar det.
Han tar det som exempel pa att han sett en foitgigd systemen de senaste aren.

7: Pratar om sokningar i Impact, att systemet &skgt upplagt med olika ordningar
for olika delar osv. Systemet matchar inte huragetinds i verkligheten.

/ E

DE
2: Tror inte pa handske eftersom han maste kunnaskBur man kommer at en viss
komponent, man maste kunna kanna sig fram "manggega

3:"det ar just det har att du inte far kanslandétaljen, det finns ingen kansla”, inga
"mjuka linjer”

4: Pratar om kanslan, "finns det nan teknik foffatkanslan for motstand”. "Det ar
ofta man far jobba pa kanslan bara”, skruva unatstimentbrada osv

4: Vikten ar ocksa viktig
4: "om nagonting ar i vagen ska det kdannas attadegmot”
4: Pratar om att alla sinnen ska vara med for att ska kunna jobba

5: Tycker man behdver kénslan i verktygen. Sersien viktig for att veta att "man
monterat sakerna riktigt”.

6: Handskarna har han inte "tankt sa mycket pabngmt "inte helt fel” men man har
ingen kansel och da kan man lika garna "ha enijkfssom man styr med. Tveksam
till om det hajlper att ha en virtuell hand, dem lkika garna vara osynlig

6: Behover inte kunna kanna sig fram om man kamama objektet. D& kan man
anda ta fram bilder som visar mekanikerna hur detis sa har de en bild i huvudet
av hur det set ut sa kan de "kanna med fingernhat@ver inte se for de "vet hur det
skall se ut”.

6: Namner exempel pa att en kabelmatta kan liggaeén, da maste systemet vara
avancerat for att det ska fungera. Blir det sa eswat tror han dock att det gar att
gbra metoder utan att ga ner i verkstaden allsign avancerat det blir ju mindre
verifiering behéver du”

7: Kanslan av komponenten ar det storsta som sakizgens teknik
7: Tror att man maste ha handskar for att atergeekéa

7: Tror inte att vikten &r lika viktig som att kusmkanna om komponenterna gar att ta
ut

7: Vikten blir nog svar att efterlikna

7: "ifall man ska gora 100 % av metoderna virtugditmaste det vara sa bra tror jag”,
om att realism kravs
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7: Tror att man kan komma ganska langt dven utasekd systemet, men inte hela
vagen

7: En del visuell feedback kan hjalpa men hanitrtr att det blir riktigt bra utan
kansel i handerna

7: Papekar igen att kanseln maste vara realistisk

7: Pratar om att det kan behévas verktyg for aitdra tyngre komponenter och att
systemet maste visa vikten pa nagot satt

/

1: Personen tror att ett nytt system kan hanteriamar, alltsd att man skapar
metoder pa riktiga komponenter men sedan gor déRpa liknande varianter. Da
vet man redan det mesta om vikter osv.

2: Vill kunna jamfora varianter och se vad som kasnit funka var, "se

mojligheterna”, "heltackande overblick pa komporeght

2: Vill kunna kolla om bilen uppfyller lagkraverkdn vi anvanda den har bilen som
en lagkravsvariant”

3: Gillar att man kan s6ka "som en webb”, som yaéler liknande

3: Framtida anvandning, sjalvlarande, ska ha s@kriihumbnail, fa knappar "det som
ar absolut nédvandigt”, valkomnande

5: Onskar ett soksystem med dimensioner osv. otirééag pa ett par stycken
verktyg och var det finns

6: "det maste vara anvandarvanligt, latt att g, diven for konstruktoren. Om det

inte ar det kommer ingen att anvanda det och d&tien flopp”. "kan vi inte lita pa

det da ar det ju &nda kort”. "latthanterligt”, ke att "plocka i en dator” an att ga ner
i verkstaden. "visst ar det roligt att ga ner ikstaden ibland men det kommer det ju
anda blir med verifieringen”

7: "jag kan inte komma in med armen pa det haesatth komma at den saken”,
maste ga att bedoma. Tror att det &r bra om maarsen man ror pa for att kunna
gora det. Aven storlek pa armar gor skillnad paweah kommer at, tycker han dock
inte ar sa viktigt.

-(2(
1: Personen tror att det ar svart att skapa tider att det kan ga att skapa information
4: Tiden ar det vasentliga, oséker pa hur det konfumgera virtuellt

4: Man kan se hur det ser ut men det ar "det har tiden”, svart att saga hur lang tid
det kommer ta att géra saker

7: "Gora tider pa ett riktigt satt”, maste ga aitayett "riktigt jobb” med systemet

2: Sitta sjalv och plocka upp bil

2: Personen har svart att tanka sig det har medskama och hjalmen, tycker det ar
svart att saga hur det kan bli
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3: Tror att det skulle fungera lite battre om man lanvanda hjalm, jamfér med mus
och tanker da antagligen pa hjalm i kombination maadskar

3: Vill prova tekniken, tycker det ar svart att adgigot om den annars

3: Pratar om priset pa glasdgon och annan teknik

3:°Tr_or att en vagg kanske kan vara battre efterdenkan vara jobbigt att ha hjalmen
pa sig

3: Tycker det skulle se dumt ut om man satt mebiigé framfor datorn

3: Pratar om mgjligheten att ha ett speciellt rém\fR tekniken, han har inte stott pa
mojligheten innan

4: "Lite spannande men samtidigt skrammande” atgéeat det virtuella hallet men
ser inte riktigt hur han ska kunna jobba med det

4: Har forestallt sig det som att man sitter frantfétorn
4: Har ingen bild av VR hjalmar eftersom han algrigvat det
4: Hade nog tankt sig det som DMU

4: "tittar pa en film”, "det ar bara visuellt dettiate fysiskt”, "vem &r det vi ska
lura?”,”det ar en upplevelse, det vill till om maka kunna arbeta materiellt med”.
Tror det kan finnas saker dar det kan funka "meradénda saker som ska forflyttas,
utforas”, "det har ar ju bara hjarnspoken, hur sl kunna styra sant sa det kan
omvandlas till nagot konkret?”, "det ar inte banaupplevelse”

4: Pratar om dagens animerade filmer, att de distiska men bara illusioner och att
det ar svart att omvandla detta till praktiken

4: Tror att detta blir en forstudie och att det kgimas animerat
4: "std inne i ett rum och famla i luften efter n&adimensionell modell”

4: Trodde man skulle sitta framfor datorn, jag namatt detta ar ett steg langre dar
man inte sitter framfor datorn langre

4: Pratar om sjokaptens simulator, realismen i ¥&gar vidare till att prata om vart
man skall med dessa tekniker och att full realisévé&r mer avancerade kontroller
dar han namner att kunna efterlikna t.ex. att liggder bilen. Arbetsstéllningen.

4: "Gamla skolan”, skeptisk, "ar det tillrackligténga som tror pa det sa funkar det”,
"det ar for tidigt men pa sikt s& kommer det”, "nfan borja i det lilla” och inte jobba
med hela lastbilen direkt

4: Maste kunna ifrdgasatta utan att bli sedd samikéentlig
4: Pratar om kraven pa datorkunskap ute bland niledara

6: Tycker CAVE ar mer avancerat och att det racked en VR hjalm. Ser det som
att hjalm kan man anvanda sittandes framfor siordaedan det har &r mer
avancerade system.

6: Ser problem med att ha CAVE eller Powerwalldtirdd kommer inte alla kunna
arbeta samtidigt.

6: Namner "anvéndarvanligt”
6: "svagningarna gar mycket fortare virtuellt”
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: "Nar jag?”, kan man komma at sakerna?

: Tror att CAVE ar mer for visualisering snararefér konkret arbete

: Tycker att handskar ar viktiga, har en bild #vean far bra feedback med dem
: "svart att dela med sig av det man ser” om n&na bar hjalm pa sig

: Tror det kan vara en fordel att kunna visa séieandra pa en stor skarm

N N NN NN

: Tror inte man kan na 100 % utan att kunna haritejuka komponenter”, pratar
mer om att det finns olika kabeltyper med olikartidgiar som kan vara fasta pa olika
satt.

2:"Det ar inte den optimala I6sningen men det kda dm att har ar ett
problemomrade”, kan ge varning om att man kan bath@stalla hit en bil for att
verifiera

2: Tror att det kan fungera som ett forsta steg ateman @nda maste ta hit och kolla
pa de fysiska

3: "ska man gora ett jobb med ett nytt verktyg sést@ man gora det i verkligheten”,
verkar mena att man maste prova sig fram med fggisktotyper for att kunna skapa
verktyget

3: Pratar om arbetsprocessen. Tycker att man lzord@nda tekniken till att jamna ut
kurvan senare snarare an tidigare, alltsa att toppanan SP kan jamnas ut efterat.
Vissa saker kan man skjuta pa

4: Tycker det ar spannande att se hur det harlskadn ar tveksam om man skulle
tjana sa mycket pa att gora tillbehorsjobb virtuefiersom de gors i slutet av
processen "man maste ha en komplett vagn”

4: Pratar om 6vergangsperiod dar man har en sogrgmonerar och en som skruvar
men sen kanske det drar ivag mot mer data forrdéttéatt tro att man tjanar mer
pengar dar. Sager att blir mer och mer "bunden migifkvaran och tvekar pa vad

man tjanar pa den, att den inte ar billigare. Hakar pa hur mycket nytta man har av
det och relaterar till internationella marknadenmiéan i manga lander inte alls vill ha
datorsystem utan bara bilar som funkar.

5: Tror man kanske behover anstalla flera mannjskbman bor ha bade en virtuell
och en praktisk metodare.

5: Namner generationsskifte, att det kommer attdgdor att den som jobbar med det
ska foredra att jobba med datorsystemen och a#irdgidvandigt for att kunna vara
effektiv, "jag tror man maste tycka det &r valdigligt att jobba med dator for att

komma nanstans i det hela”, "du kan inte gora rettasbete om du inte tycket det ar
roligt”

5: Pratar om tid, att det kravs tid att lara sigalerdentligt och att han inte tror den
tiden kommer att finnas da de har sa mycket arthgbea. Han tror att det kravs en
hel ny grupp som sysslar med detta. "det blir fotk ut utan mer ett nédvandigt ont
nastan”. Tror det kan bli ett naturligt generatgkike om man har en ny grupp som
lar sig av de aldre men som jobbar med de nya lolterade verktygen.

6: Kan tanka sig att man kan ta fram metoder \ittue
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6: Tror det fortfarande skulle vara skoj att jolmbad VR utrustning. Tror att det
"kanske skulle bli battre” med effektivitet, blfér att man goér det tidigare. "Jag tror
inte det ar nan nackdel, jag kan inte se nan nacklds”. Det maste anda vara
anvandarvanligt och man maste tjana pa det, "denfé bli jobbigare”. "Blir det
ingen forbattring ar det ingen som vill anvandaluster”.

6: Poangterar igen att det ar lattare om alla kKéan\&d sin egen dator och jobba med
det har.

6: Namner att man kan géra metoderna virtuellt se@gifiera pa fysiska delar.

6: Namner att om man har jobbet virtuellt kan méaragen forstudie, "det kan du ju
lagga in varje vecka” om det nya.

7: "Kan gora uppskattningar forst och sen korrigigaa en fysisk vagn efterat”

7: Finns aven metoder dar man kommer kunna gorkeby&D, som exempel tas en
dar el ska ledas in i en ratt vilket inte sker rkatllar utan med delar som finns som
fysiska komponenter (och darmed ocksa som datg. lisa kablar utan “fasta el-
installationer”

7: Tror man kan gora en metod till "80%”" och segarifiera pa vagnarna om man
inte har kablage pa en fungerande niva

7: Ser framfor sig att det kommer bli mer arbetel 8B
7. Ser stora mojligheter i att anvanda datortekaitbetet

7: Om de far 3D modellen fér produktion manadeaimriktiga bilen kommer ut sa
tror han de kan jobba mycket med den innan vagiégps

2 B

2: Namner Airbus och att det kranglade med dendselia satsning, det var pa
kabeldragningen

2: Tycker att man maste satsa for att fa det atjdea, relaterar till Airbus som satsat
mycket och anda misslyckats. "kan inte kdra medteérhanden” — Det maste vara en
helhjartad satsning, "fram med planboken”

4: Tror Volvo ar ratt Iangt framme jamfort med amdonkurrenter
4: Tror inte &n pa detta projektet, tvekar pa teéni

5: Tror att man behover en storre satsning pa,dattaet inte racker med en enda
person eller sa.

5: Han ndmner att egna system ofta utvecklas inolad/och tycker det vore battre
att ta in foretag utifran som ar experter och e arbeta med nagon inom foretaget
som kan omradet. Tror att de blir ©hemmablinda”rkée fororda att ta in externa
experter aven pa VR projektet.

5: Tror att det ar dyra redskap i dagslaget, atkdenmer kosta mycket pengar att
vara med och ha det senaste. Undrar om de "elégk@nerktygen” ar s mycket
mer ekonomiska men tycker att han inte vet tilligtlom dem fér att doma det.

5: Han tycker inte man behover ga i spetsen fortegaiker utan man boér vanta och
se vad man far ut av det.
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6: Tror man ska borja forsiktigt men inte kbpa r@agystem man inte kan bygga ut.
Man bor inte "lasa sig i ett horn” utan halla mgiieterna déppna for att bygga vidare
pa det.

7: "det ar inte nat som hander om tva veckor”, inbe att tekniken kommer finnas
snart

7: "mojligheten finns att kunna fa det har atttnia”
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The following is the questionnaire as it was serthe employee at the company that
entered it into their survey system for me. Thstfoolumn contains my purpose for
each question and was only and explanation for wry use, only the second and
third columns with questions and answers were edtgto the system. This
introductory text is the final version he wroteeafediting my initial suggestion
(which was similar but slightly longer):

A student currently doing his Thesis project atwboParts wishes to gather statistics
about Repair & Maintenance method work. Your ingutquested to help in this,
please answer the few questions on the TeamPlaegeysat this address: [internal
Volvo network address]

Also, in order to get enough time to analyze thea gaur response is required as soon
as possible.

This thesis is about examining Virtual Reality teglogies and analyzing how well
they work for creating and verifying Repair Engineg methods, a step in the
evaluation of the feasibility of performing methedrk directly on virtual models
instead of ordering physical prototypes. Priorhie some interviews with Repair
Engineering Mechanics in Gothenburg have been aiadwand the purpose is to
expand these available facts by gathering moresttai data.

Purpose Question Values

User background 1. Which is your main location?  Bangalore, India
info Curitiba, Brazi
Flen, Sweden
Gothenburg, Sweden
Greensboro, USA
Lyon, France

Minto, Australia
Tultitlan, Mexico

Wroclaw, Poland

User background 2. What parts of the vehicles do  Bus Body
info you mainly work with? Bus Brakes
Bus Chassis

Bus Powertrain

Truck Brakes
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Truck Cab

Truck Chassis
Truck Powertrain
Other Powertrain

Estimate work
experience.

3. Have you worked in a
workshop before you started
working with methods at
Volvo Parts? In that case, hov
long?

No, not worked in

workshop

N

Yes, 1-2 years

Yes, 3-5 years

Yes, 6-10 years

Yes, 10-15 years
Yes, 15 years or more

Relate thoughts of
end users and the
methods the
respondents create |
their own
experience.

4. If you have worked in a
workshop before starting worl
at Volvo Parts, how often did

o0 you use the kind of methods
that you now create (regardle
of vehicle type)?

Never

Seldom

Sometimes

Often

All the time

Not Applicable (you

never worked in a

workshop)
Find out how much | 5. In how many of the methods 0%
of the repair method| you create or verify do you 20%
0
work that really have to feel your way around
demands sensing to solve a problem (in other 40%
touch. words use your sense of touch  gnoy
because your sight and hearing
are not enough)? 80%
100%
Find out how large a 6. In how many of the methods 0%
part of the work that| you create or verify do you 20%
demands sensing have to feel the weight of a
weight for work component in order to judge if  40%
position judgment. the working position for it is 60%
good?
80%
100%
Find out how large a 7. In a method where you make 0%
part of the work that| such a judgement, how large |a 20%
demands sensing part of the work on that
method can be affected by 40%

weight for work
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position judgment.

your judgement from feeling

0
the weight? 60%
80%
100%
Estimate how much| 8. How many of the methods 0%
of the work that you work on require -without 20%
requires finding the | exception- that you have to be
flexibility of parts. able to judge the flexibility of 40%
the part you are working on of  gnoy
the parts around it?
80%
100%
Estimate how much| 9. In each method where this 0%
of the work that happens, how often does the 20%
requires finding the | flexibility have a noticeable
flexibility of parts. impact on the method? 40%
60%
80%
100%
Estimate how many | 10. How many of the methods 0%
of the methods you create require that one of
: . 20%
created by more special tool is used?
respondents that 40%
need any special 60%
tools of some kind.
80%
100%
Estimate how much| 11.In how many of the methods 0%
of the work that you work on do you have to 20%
requires the creation create a new tool?
of new tools. 40%
60%
80%
100%

Generate an averag
of how many tools
that are required in
methods that use
them.

e12. How many special tools do
you have to use in each meth
that uses one or more?

od

N o 0o~ WDN B
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10

Not Applicable (you
never use special tools)

Examine the
respondents’ genera
attitude towards
using computers for
their work.

13.What is your general

| attitude towards using
computers (as you do it today
in your job?

Very Negative
Negative
Neutral
Positive

Very Positive

Examine the 14.When you have been Very difficult
respondents’ own introduced to new, bigger Difficult
estimation of their computer systems (for example
experience of new | SID, Impact, DMU or others), Neutral
computer systems in how do you think it has been to Easy
the company. learn the systems well enough
to do the job expected of you Very Easy
(on average for all systems)?
Let respondents 15. What is your own opinion Unskilled

estimate their own

on how you are at using

Mostly unskilled

skill at using computers in general (both at
computers. work and at home)? Neutral
Mostly skilled
Skilled
Find out how well | 16.Can you today judge the Never
the respondents’ working position required for a
. : ) . Seldom
experience can be | certain step in a method just by .
used for judging looking at how a part is fitted? Sometimes
working position. Often
All the time

Estimate where mos
work takes place,
office or workshop.

t17.How much of your work is
done in a workshop (or simila
environment) and how much
done in an office?

r

S

0% in workshop, 100%
in office

25% in workshop, 75%
in office

50% in workshop, 50%
in office

75% in workshop, 25%
in office
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100% in workshop, 0%

in office
Estimate where most18. How much of your work is 0% on vehicle, 100%
workshop work performed on a vehicle and | on workbenches
takes place, on the | how much is perfqrmed on 25% on vehicle, 75%
trucks or on separate workbenches or similar

on workbenches
workbenches. separate places?

50% on vehicle, 50%
on workbenches

75% on vehicle, 25%
on workbenches

100% on vehicle, 0%
on workbenches
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1 .C9

Which is your main location?

What parts of the vehicles do you mainly work with?

Have you worked in a workshop before you started wiing with methods at
Volvo Parts? In that case, how long?
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If you have worked in a workshop before starting wok at Volvo Parts, how
often did you use the kind of methods that you nowreate (regardless of vehicle

type)?

In how many of the methods you create or verify dgou have to feel your way
around to solve a problem (in other words use yousense of touch because your
sight and hearing are not enough)?
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In how many of the methods you create or verify dgou have to feel the weight
of a component in order to judge if the working pogion for it is good?

In a method where you make such a judgement, howrige a part of the work on
that method can be affected by your judgement fronfieeling the weight?
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How many of the methods you work on require -withotiexception- that you
have to be able to judge the flexibility of the paryou are working on or the parts
around it?

In each method where this happens, how often dodset flexibility have a
noticeable impact on the method?
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How many of the methods you create require that oner more special tool is
used?

In how many of the methods you work on do you havio create a new tool?
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How many special tools do you have to use in eactethod that uses one or
more?

What is your general attitude towards using computes (as you do it today) in
your job?
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When you have been introduced to new, bigger compeit systems (for example
SID, Impact, DMU or others), how do you think it has been to learn the systems
well enough to do the job expected of you (on avega for all systems)?

What is your own opinion on how you are at using aoputers in general (both at
work and at home)?
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Can you today judge the working position required br a certain step in a
method just by looking at how a part is fitted?

How much of your work is done in a workshop (or siriar environment) and
how much is done in an office?
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How much of your work is performed on a vehicle anchow much is performed
on workbenches or similar separate places?
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Property

Requirement

Grade

Grade Comment

Presence/Immersion

Transfer of
skills

A sense of presence in the virtual
environment can help the REM by
removing the layers of interface and
technology that can get in between the
user and his job.

Presence/Immersion

Fit
components

If an REM can be immersed enough to
feel that he's working directly with the
components then fitting will be easier.
(McMahan 2006) Shows that the level of
immersion is not that important for the
performance of tasks however.

Presence/Immersion

Take
Standard
Times

Presence will help in judging realism of
the times, but since taking times will be a
software based function some work will
still have to be done by way of an
interface, which reduces the presence.

Presence/Immersion

Judge working
position

(McMahan 2006) shows that the level of
immersion does not have much effect on
the performance of an interaction task.
However, presence can still affect
performance here since the REM can
need to feel like he's really there to see
how to get at certain parts.

Realism

Transfer of
skills

The more realistic the system is the
easier it will be for the REM to use the
skills and experience he has of working in
a real physical environment.

Realism

High user
acceptance

Realism will help the REM adjust to and
accept the new system. Interviews show
that most of them have already seen and
worked with 3D data in its usual more
abstactly colored and less realistic CAD
presentation however, so realism is
important but not critical.

Realism

Good
learnability

If working in the system resembles
working in real life, then learning it will be
easier and faster since there will be less
of the technology between the user and
his task. The learnability will depend more
on software factors however, such as
interface design.

Realism

Consider end
users

The more realistic a virtual system is the
easier it becomes to consider the real
user's situation. This is because the real
use of the methods will in most cases not
rely on computer technology at all, once
the instructions are printed out and the
work starts.

Realism

Fit
components

Realism will be necessary for the work on
component fitting in the sense that the
tools must allow the REM to create
methods that the mimic real life systems.
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Realism Communicate Realism helps the REM make it clear
results what works and what doesn't work in
reality when showing his work to the
construction department.
Realism Take Taking STs requires the virtual system to
Standard imitate the properties of the real work
Times closely. The times taken in the VR system
has to match those in reality or the
method will be incorrect.
Realism Handle The REMs have no experience handling
special tools the tools in a virtual environment
according to interviews so the more
realistic they appear to be, the easier it
will be for them to handle them.
Realism Judge working Realistic appearance will be required to
position judge work-position, in the sense that
physical properties must look correct or
the position will risk being wrong.
Attitude Transfer of The system will need to inspire a postitve
skills attitude to the REMs or it will be hard for
them to make use of their skills. If you feel
annoyed with the tools you use it's harder
to do a good job.
Attitude High user The REM's attitude towards the new
acceptance technology will be a defining factor for
their acceptance of it.
Attitude Good User attitude has a very large impact on
learnability how easy it is to learn a system. It's much
faster to learn working with tools that you
like.
Attitude Comfortable If the system is not comfortable to use
hardware then the users will naturally like it less and
therefore find it harder to work with.
Attitude Communicate The REMs attitude towards the system
results can be mirrored in his use of it when he
presents results to others. If for example
he feels the system is bad, then that will
reflect negatively on the results he shows.
Attitude Take Interviews indicate that taking Standard
Standard Times is important to the REMs. The
Times user's attitude towards his tools affects
his efficiency so therefore the hardware
should inspire a good attitude to make
this important aspect of work efficient.
Ergonomics Transfer of If the ergonomics of the new system
skills match those of the physical equipment
then the REM's skills will be easier to
carry over. If they are used to a certain
level of working time and comfort then the
new system should match that.
Ergonomics High user Acceptance will naturally be directly
acceptance affected by ergonomics. If it's
uncomfortable to work with the
technology it wont' be as accepted.
Ergonomics Comfortable Ergonomics are a requirement for

hardware

comfortable hardware and thus have a
very postitve impact on that requirement.




Ergonomics

Fit
components
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The time you can use them and comfort
when doing so from both controls and
visual system will affect the ability to
determine paths for components.

Ergonomics

Handle
special tools

Ergonomics of the hardware controls can
affect the special tools by reflecting
whether those tools are ergonomic or not.
If the controls are comfortable to use but
the tools are not, handling will be affected
by that difference.

Ergonomics

Judge working
position

Ergonomics of both controls and visual
system are important here. If the REM
has a good movement freedom and
comfortably handled controls then that
should make it easier to determine how
the end user of the method will work.

Audio feedback

Good
learnability

Sounds that imitate real workshop sounds
could help the REMs learn the system.

Audio feedback

Consider end
users

Audio feedback can help make the
method more realistic and thus more like
the work in the workshops.

Audio feedback

Fit
components

Feedback with audio while working
visually could help the user get
indications of weight and touch,
specifically contact. (Bjesse & Saljo,
2000) confirms that it was appreciated in
their system, which is for a similar line of
work.

Audio feedback

Handle
special tools

Audio feedback can help make the
method more realistic and thus more like
the work in the workshops.

Sense weight

Transfer of
skills

Useful to apply realism to the usage of
heavy equipment the ME is used to
working with, but that is a smaller factor in
the method work.

Sense weight

High user
acceptance

The REMs indicated in intervies that they
consider the weight important and do not
want to lose the sensing of that when
using the new technology.

Sense weight

Consider end
users

The weight is important since the
mechanics have limitations on how much
they can lift in different positions. There is
also a focus on safety in the company in
which weight plays a major part, and that
is also important when thinking of the end
users.

Sense weight

Fit
components

Getting an indication of weight can help
REMSs judge issues such as safety and
the survey indicates they think the weight
affects some of their work. However, this
can be done by visual feedback or
automatically calculated by the software
to some degree. Therefore it is not so
important a factor for the hardware.

Sense weight

Handle
special tools

Feeling the weight of a tool working can
help the ME judge how to work with it.




Sense weight

Judge working
position

Page|95

If you can feel weight then it's easier to
estimate stresses on the body that can
occur in some working positions. The
survey also indicates that sensing weight
is important for the work position.

Sense weight

Move flexible
parts

Sensing weight could help slightly in
judging how far parts can bend, when
coupled with the exprience of different
materials the REMs have.

Sense touch

Transfer of
skills

Using their experience will be easier if
they can get the feel of the tools and the
feel of the components they are working
on, since they are used to working with
their hands today. According to interviews
several of them consider feel to be an
important part of their work.

Sense touch

High user
acceptance

In interviews the REMs mention the feel
and touch, so having those senses
simulated will be important to gain their
acceptance. Their line of work also
presumes that they have chosen to work
with their hands, haptic feedback helps
simulate that.

Sense touch

Consider end
users

Collisions are important to detect since
the movement of parts can require very
precise instructions to carry out in the
workshops. In general, getting a feel of
what handling the tools and parts is like
by touch matches today's work where
they use the same tools as the
mechanics.

Sense touch

Fit
components

According to the survey touch does not
seem to be an absolute requirement for
more than around a third of the work done
on methods, but interviews indicate that
the REMs think this is important.
Literature also shows that haptics can
help a lot.

Sense touch

Handle
special tools

Feeling the tools and their contact with
the components can help in judging how
well they work. Mostly this would help in
determining access possibilities for the
tools, if they can reach the places where
you need to work with them. This can be
done by simulating collision.

Sense touch

Move flexible
parts

A tactile indication could help indicate
flexibility. This could more easily be done
by visual means though, for example
letting the software change the colour of
parts to indicate stress.

Interaction volume

Transfer of
skills

A more natural interaction in several
dimensions will be important since the
REMs are used to moving their arms
around freely when they work and the
project's goal is to mimic that way of
working.




Interaction volume

High user
acceptance
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The realism offered by a higher
movement freedom will make the
technology closer to real life work and
thus easier to accept.

Interaction volume

Comfortable
hardware

A larger degree of movement freedom will
aid in making the control flexible and the
movements varied.

Interaction volume

Consider end
users

Since a freer movement is more like the
real work, the similarity with the
mechanics use of the methods will aid in
considering the use situation.

Interaction volume

Fit
components

Informal observations showed that the
REMSs can need to move around in their
work and many of the tools they use and
equipment they work on are of larger
types. A larger movement volume will
help simulate the larger movements they
might need to do while still allowing for
some precision work when required.

Interaction volume

Take
Standard
Times

The times have to be precise and the
freedom of movement is important to
make the work and thus the time the work
takes more realistic. Much of the detailed
work can be simulated with software
though, such as the time needed to
remove bolts, screws etc.

Interaction volume

Handle
special tools

Some tools are quite large and in order to
accurately judge how to work with them a
greater movement volume could help.

Interaction volume

Judge working
position

With more freedom of movement
evaluating the circumstances for working
position could be easier, since it allows
the REM to move around and look at
things from different angles.

Motion tracking

High user
acceptance

If the tracking is precise and fast enough
then a natural interaction can be achieved
and that can help user acceptance.

Motion tracking

Comfortable

Tracking allows input hardware a bigger

hardware freedom of movement without being
tethered to anything.
Motion tracking Fit The user's movements of the controller
components should be tracked accurately to achieve a

natural feel of the interaction when fitting
components.

Viewing scale

Transfer of
skills

The more realistic the scale is the closer
their work with objects will be to the
physical viewing they are used to.

Viewing scale

High user
acceptance

The more realistic the scale is the closer
their work with objects will be to the
physical viewing they are used to.

Viewing scale

Consider end
users

A viewing scale close to 1:1 should make
it easier to make a realistic judgement. If
the truck is seen as large as in life then it
should be easier for the REMs to use
their experience of real workshop work.




Viewing scale

Communicate
results
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The scale can affect how well the results
are recieved. If seen in a large 1:1 scale
then the results can be percieved as more
realistic and therefore easier for the
reciever to interpret.

Viewing scale

Judge working
position

A viewing scale close to 1:1 should make
it easier to make a realistic judgement. If
the truck is seen as large as in life then it
should be easier for the REMs to use
their experience of real workshop work.

Depth viewing

Transfer of
skills

Giving a better illusion of depth will
increase the realism and make it easier
for the REM to judge placement of
components like he is used to.

Depth viewing

High user
acceptance

In discussions with the staff it has come
to light that a problem the REMs find with
today's CAD viewers is that they feel they
have no sense of depth in the image. In
order to get the new system accepted this
will therefore be an important factor to
consider.

Depth viewing

Comfortable
hardware

Some effects such as stereoscopy can be
tiring on the eyes and are likely to cause
problems for long periods of use.
Shutterglasses and VR helmets are also
uncomfortable.

Depth viewing

Consider end
users

A better sense of depth adds realism
which can help evalute what the real
situation will be like for the method.

Depth viewing

Fit
components

(Bjesse, Séljo, 2000) state that depth
viewing is important for determining
positions (p. 36). This is important to
component fitting, where informal
observations suggest even the smallest
difference in positions can affect the
outcome of the method.

Depth viewing

Communicate
results

A better sense of depth adds realism
which can help illustrate the results.

Depth viewing

Judge working
position

A better sense of depth adds realism
which can help by allowing the REM to
more easily evaluate the surrounding
hardware for a component.

Field of view Transfer of The REM is used to having a full natural
skills field of view over his environment and the
closer to that the technology comes the
more natural it will be for him to work.
Field of view Communicate If the field of view is too small then it can
results be harder for other people to interpret the
results. A larger field of view would make
results clearer by making the viewing of
them more realistic.
Field of view Judge working Informal observations indicate that the
position repair methods can require moving parts

into or out of areas of the whole truck.
Having peripheral vision show you the
whole truck in a large field of view could
then help this work.
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Property

Technology

Grade

Grade Comment

Presence/Immersion

Haptic arm

The user is limited by the interaction
volume of the arm and will always feel
the same handle/pen shape in his hand
regardless of what is being controlled in
the virtual world. This could reduce
presence. The haptic feedback does
increase presence however, which will
make up for downsides.

Presence/Immersion

Exoskeleton

The clumsiness of the current state of
this technology will reduce the presence
somewhat, but the advanced haptic
feedback it can provide will more than
make up for that.

Presence/Immersion

Mouse and
keyboard

A regular mouse and keyboard offers
very little sense of presence. There is
little natural correlation between the
movement of these controls and the
movement in virtual 3D space.

Presence/Immersion

3D mouse

The movement in a 3D environment
appears to be simplified and more
natural with this control compared to a
regular mouse. This is still a stationary
desktop device however, so it's effect on
presence can't compare to the other 3D
controls.

Presence/Immersion

VR glove

The natural style of interaction means
there is almost no technology apparent
between the user and the system.

Presence/Immersion

Wand

Natural movement freedom helps
presence, but the fact that the user
always feels the same shape of the
same control in his hand regardless of
what his virtual control looks like will
likely break the illusion.

Presence/Immersion

Powerwall

A good sense of immersion can be
achieved by larger walls and panoramic
walls, depending on the field of view
they cover. With only one smaller wall
the user can still see much of the real
world around the screen.

Presence/Immersion

CAVE

Much of your view is covered by the
projections and you are free to move
your head and body around.

Presence/Immersion

VR helmet

HMDs give you a full immersion in the
virtual world. Though the field of view is
limited the natural head movement
should give a very good sense of
presence for the REMs, since
observations show they move around a
lot when working. The fact that most of
the available helmets also block view of
the outside world increases your
presence.

Presence/Immersion

Autosterescopic
monitor

The stereoscopic effect increases
presence but due to the limitations on
field of view and head movement
presence is on the whole not very good.




Presence/Immersion

Regular monitor

Page|99

Good resolution and colors can show
realistic images, but in all other areas
the regular monitor is lacking.

Presence/Immersion

Speakers and
headphones

Directional sound could increase the
presence, but the REMs have not
indicated sound to be of any importance.

Realism

Haptic arm

Depends on the usage. If the user is
used to small precise instruments then
this might be a 3 since most arms are
limited in size. However, REMs use
many different tools of many different
sizes so the Realism is reduced to 2.

Realism

Exoskeleton

The kinds of force feedback an
exoskeleton can generate makes the
system appear very real.

Realism

Mouse and
keyboard

A very unnatural type of control for 3D
VR space. It is of course possible to
use, as many computer games are
examples of, but compared to the other
controls this affects realism negatively.

Realism

3D mouse

Some realism is added by the 3D input
but it is still a stationary desktop device.

Realism

VR glove

Using your hands directly to control the
system is the most natural control
available.

Realism

Wand

The freedom of movement and ease of
use make this control contribute to
realism.

Realism

Powerwall

Good field of view, high resolution and
1:1 scale give good realism.

Realism

CAVE

Excellent field of view, high resolution
and 1:1 scale give great realism.

Realism

VR helmet

Natural interaction and the extra
immersion of being inside the world
contribute to good realism.

Realism

Autosterescopic
monitor

Good depth viewing give good realism,
but bad field of view and scale bring it
down.

Realism

Regular monitor

Realistic rendering can be shown with
great detail in color and resolution on
the technologically advanced monitors
of today, increasing realism by all the
depth cues that software can provide.
Very little is offered by the hardware
itself when compared to the other visual
solutions here however.

Realism

Speakers and
headphones

A directional sound system could help
generate increased realism by
mimicking materials' sound from the real
workshops.

Attitude

Haptic arm

1 for the largest types of arms, since
their size and appearance make them
look less inviting. The regular sized
arms have an ergonomic appearance
and appear easy to use.
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Attitude Exoskeleton -1 Exoskeletons look complex and almost
frightening in a sci-fi related way. Most
variants are large and intimidating and
have a high risk of affecting the REM's
attitude negatively.

Attitude Mouse and 2 These kinds of controls have been
keyboard around for a long time and anyone who
has used a computer has experience
with them.
Attitude 3D mouse 1 Initial attitudes might be skeptical since

3D mice can look odd compared to
regular mice. The interaction seems
natural enough that after an initial phase
the REMs would likely consider them to
be acceptable.

Attitude VR glove 3 The natural control and familiar
appearance of a glove should make it
easy to accept.

Attitude Wand 2 The simplicity of this control increases
the acceptance.
Attitude Powerwall 2 A big projection screen like this is not

too dissimilar to projector displays used
in meeting rooms today and that should
increase acceptance.

Attitude CAVE 1 The size and complexity in appearance
of this installation would likely make
acceptance harder. Once inside a
functioning system the benefits of it
should weigh that over to the positive
though.

Attitude VR helmet -1 Shutting yourself out from the world is
an impression you get from VR helmets,
since that's how they work. That and the
generally skeptical reactions given by
the REMs when shown images of VR
helmets in the interviews makes it likely
this technology would have a hard time
getting accepted.

Attitude Autosterescopic 2 Their similarity to regular monitors would
monitor likely make them easier to accept, since
the REMs are used to working at
computers.
Attitude Regular monitor 2 These kinds of displays have been

around for a long time and anyone who
has used a computer has experience
with them.

Ergonomics Haptic arm 2 The design of most arms looks rounded
and smooth. Test of one at a visit to
SenseGraphics also confirmed that at
least that model was very comfortable.
The forces they can generate on users
might tire them a bit but are likely small
enough that they won't have a major
impact.




Ergonomics

Exoskeleton
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The massive size and weight of
exoskeletons should make them very
uncomfortable for extended use. Also
the fact that they generate larger forces
on the users' bodies contributes to tiring
them.

Ergonomics

Mouse and
keyboard

These traditional controls are acceptable
for normal computer use but have never
been very good when it comes to
ergonomics. We've all heard of carpal
tunnel syndrome...

Ergonomics

3D mouse

These are usually ergonomically
designed for comfortable use.

Ergonomics

VR glove

Wearing gloves is a comfortable way of
controlling the system. Some add-ons to
these gloves exist and can even be
required however, such as tracking
equipment. This can reduce the comfort
slightly.

Ergonomics

Wand

A control as simple as this can be
design for ergonomic use more easily,
and the one tried in a visit to an IC:IDO
installation at Volvo Cars was indeed
lightweight and easy to handle.

Ergonomics

Powerwall

A large space to move around in in front
of the screen gives freedom and
variation in movement. If using
shutterglasses comfort might be lowered
however, since they can be clumsy.

Ergonomics

CAVE

A large space to move around in inside
the cube gives freedom and variation in
movement. If using shutterglasses
comfort might be lowered however,
since they can be clumsy.

Ergonomics

VR helmet

These helmets are often large and
heavy due to the amount of technology
they need to contain. Among others,
(Bjesse, Séljo, 2000) confirmed that in
their test (p. 34). Even though there are
more and more models that seem to be
designed with comfortable use in mind
and the newest models are lighter, they
are still too heavy to use for extended
periods of work without tiring.

Ergonomics

Autosterescopic
monitor

The requirement of holding your head in
a "sweet spot" in front of the monitor
means very restricted movement.

Ergonomics

Regular monitor

Established designs
stiff compared to more flexible solutions

Audio feedback

Powerwall

Mounting multi-channelled speakers
could provide excellent audio feedback.

Audio feedback

CAVE

Mounting multi-channelled speakers
could provide excellent audio feedback.
The cube shape also lends itself quite
naturally to having directional sound
installed. Combined with motion tracking
the sound can be updated realistically in
real time depending on user movement,
viewing angle etc.
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Audio feedback VR helmet 2 Headphones are easy to integrate and
several designs of VR helmets have
done so. Directional multichannel sound
is hard in headphones however.

Audio feedback Speakers and 3 Naturally these technologies are
headphones excellent providers of audio feedback.
Sense weight Haptic arm 1 2 for large arms, since they can

generate higher forces to simluate the
resistance of a greater weight.

Sense weight Exoskeleton 3 Can apply larger and more detailed
external forces on the user's body and
thereby simulate both resistance and
weight.

Sense touch Haptic arm 3 My own brief experience with these
types of controllers and litterature
(Bloomfield 2003, Wampler 2003,
among others) indicate that they are
very good for simulating touch. The
feedback is immediate and rather
natural.

Sense touch Exoskeleton 1 Exoskeletons are more designed for
larger forces and thus not as good at
generating the small and precise forces
required for sensing touch.

Interaction volume Haptic arm 2 1 if using the smallest types of arms,
since observations show that the REMs
can need to move parts in bigger
movements.

Interaction volume Exoskeleton 2 If it is an exoskeleton addon to a VR
glove, instead look at the glove's grade
since the skeleton's own interaction
volume is then realtive only to that.

Interaction volume Mouse and -1 Only 2 degrees of movement are
keyboard available with a mouse. To move the
controller in a 3D space the system
needs a keypress or buttonpress that
shift the plane the mouse moves in
and/or the ability to shift the plane over
time.

Interaction volume 3D mouse 1 3D mice have 6 DOF which eases the
movement of camera and other controls
in the software compared to regular
mice. They are stationary desktop
devices however, so their 6 DOF
movement volume is virtual rather than
real and thus not as natural as other
solutions.

Interaction volume VR glove 3 Wireless gloves give an excellent
freedom of movement. Wired gloves
would perhaps grade a 2 instead since
the wires restrict movement but they do
not seem as common in the market any
more.




Interaction volume

Wand
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The wand gives a very good freedom of
movement. A visit to a powerwall
installation showed that that particular
setup had a large enough interaction
volume that you could even walk a few
steps in each direction and still have full
control. Similar level of freedom seems
to apply for wands encountered in
research.

Motion tracking

VR glove

The user has free movement of his
hands. Motion tracking is not an inherent
property of most gloves themselves but
provided as an addon. This addon is,
however, more or less required to use
gloves in VR so the grade is for gloves
with tracking included. Various
technologies exist and some of them
can be a bit worse at precision however.

Motion tracking

Wand

Motion tracking is an inherent property
of wands and gives good movement
freedom. Various technologies exist and
some of them can be a bit worse at
precision however.

Motion tracking

VR helmet

VR Helmets require motion tracking to
work correctly and they are usually fitted
with systems.Various technologies exist
and some of them can be a bit worse at
precision however.

Viewing scale

Powerwall

The large area of the screen gives
excellent possibilities for viewing objects
at realistic scale.

Viewing scale

CAVE

The large area of the screens give
excellent possibilities for viewing objects
at realistic scale.

Viewing scale

VR helmet

Since the user sees the virtual world as
if he was inside it, objects should be
able to appear to be in natural size.

Viewing scale

Autosterescopic
monitor

Only very minor components could be
seen in a realistic scale, most things
witnessed in informal observations are
much too large to see on an
autostereoscopic monitor, which seems
to mostly come in the same size as a
regular monitor.

Viewing scale

Regular monitor

Only very minor components could be
seen in a realistic scale, most things
witnessed in informal observations are
much too large to see on a regular
monitor.

Depth viewing

Powerwall

Stereoscopic glasses give a rather good
illusion of depth.

Depth viewing

CAVE

Stereoscopic glasses give a rather good
illusion of depth.

Depth viewing

VR helmet

VR helmets have the possibilty of giving
a good stereoscopic effect by showing
separate images for each eye.

Depth viewing

Autosterescopic
monitor

When the user's eyes are in the sweet
spot, the stereoscopic effect is quite
good.




Depth viewing

Regular monitor
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No stereoscopic effects are possible on
regular monitors, so no extra depth
viewing is possible beyond those effects
software can generate.

Field of view

Powerwall

Generally good, especially for the
rounded screens that stretch around the
user in a semi-circle.

Field of view

CAVE

2 if using only two smaller surfaces.
Otherwise very good since when inside
the room you can have up to your whole
field of view covered by the projections
on surfaces all around you.

Field of view

VR helmet

The FOV of VR helmets is very limited,
most models seem to average around
60 degrees horizontal, only a third of our
natural 180 (VECG, 2003).

Field of view

Autosterescopic
monitor

1 might be achievable if using one of the
largest autostereoscopic monitors. It
would be hard to get an acceptable field
of view compared to the other visual
outputs however.

Field of view

Regular monitor

-1 with a normal monitor, since it covers
a very small angle. The grade would
perhaps reach 1 instead with a multi-
monitor setup with several monitors side
by side.




