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and information sciences?]] Many large companies and
Abstract Oil refineri es run nearly continuously twentyfour ~ non-profit organizations have resources dedicatednternal

hours a day. The process of doing routine maintenance, adding or knowledge management efforts, often as a part of their '‘Business
rebuilding refinery process rigs and powering down is referred to ~ Strategy', 'Information Technology', or 'Human Resource
as "shutdown”. Refineries are extraordinarily complicated and Management' department.[Knowledge management efforts
shutdowns are therefoe very problematic and expensive. Poorly typjcally focus on organizational objectives such as improved
planned or executed shutdown can result in loss of life and millions performance, competitive advantage, innovation, the sharing of
of dollars of lost productivity. There is also an important jossong  |earned, and continuous improvement of the
collaborative and knowledge management aspect in that all o

organization. Knowledge management efforts can help

shutdowns involve many peole and are executed by temporary 27 o .
contractors who are often unfamiliar with the details of the plant iNdividuals and groups to share valuable organizational insights,

they are shutting down. to reduce redundant worly &void reinventing the wheel per se,
Commonly, text and two dimensional drawings are used in to reduce training time for new employees, to retain intellectual
preparation for a plant shutdown and exchanging of information. capi t al as empl oyees6 turnover

However, with the advent of new technologies it is now possible to tg changing environments and marketss].

also exchang knowledge three dimensionally including Knowledge is critically important during plant shutdown

multimedia and dynamic files. One technology that enhances the \han there is an increased demand for resources, a long list of

knovx_/ledge (_axchanglng and management is Collaboratlv_e Virtual planned work over a limited period of timeprk plans are

Reality Environment (CVRE). CVREs allow users to interact o . . - .
modified, andspecial eqipment is leased to accomplishe

with a computer-simulated environment, be it a real or imagined - .
while using the Internet to collaborate and interact with possibly ~additional work g]. An example of plant shutdown planning

many other users that may be spread over large distances. from the literature is shown in Fig.

Virtual Reality has been widely applied in various forms to
plant shutdown planning but the knowledge management aspect of vt s
the process is not being addressed by these technologies. In this o - ﬁ[‘_—'k@‘m’
paper we describe the early use and underlying details of an ) A
innovation implantation of a Collaborative Virtual Whiteboard o |, o P sl camad
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(CVW) inside of an CVRE for knowledge management during the o
plant shutdown planning. Vaiauth g
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I INTRODUCTION long vt

Knowledge maagement is the systematic process of finding,
selecting, organizing and presenting information in a manner
that improves the understanding of a person on a given topic.
The management of k_nowledge helps an qrganization to takeThe amount of work needed is defined when a work list is
advantage of its (_axperlenaed kqowhow (|n5|ghts)_ 1. Such created including planning, programming, implementation and
Experiences and insights comprise knoyvle(jge, either embOdfﬁanagement of the plant shutdown. During the preparation of
in mdmduals or em.bedded. in qrgam_zatlonal Processes fifis work list and during the plant shutdown it is very impdrtan
practice. An.establlshed discipline since 1995’ kn_o‘MedQﬁat the experiences and insights embodied in individuals and in
manggeme.nt mpludes courses taught in thieldi of busmgss the organization including processes and practice are used to
administration, information systems, management, and IIbrar}t’heir best advantage. Because each plant shutdown is unique to
the plant, and at the same time uses similar implementation
processest o me et t he demands of
environment. These similarities allow companies to used

Fig. 1. Example of refinery plant shutdown planning [Bé&®A. 1995]
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expertise of individuals that are physically locateddreds of
miles from the plant, which add additional logistical challenge
to the knowledge management during the plant shutdo
Virtual Reality has been widely applied in various forms to pla
shutdown planning7, 8, 9] but the knowledge management
aspet of the process is not being addressed by the
technologies. Thus, the goal of this paper is to describe th
integration of two currently available technologies: Electronid
Whiteboards and Collaborative Virtual Reality Environmen
(CVRE) to support themanagement and exchange oOffi
knowledge among the stakeholders of a Plant Shutdown t
could be physically located around the world.

1. KNOWLEDGEMANAGEMENT IN Fig. 3. The Chevron refinerydﬂitz?jsg?;gilla Mississipipie largest in the
COLLABORATIVE VIRTUAL REALITY

Virtual Reality has existed for many years and it is a teChnOIOQgc-li—lri]tZtreJuLpn(z)svaeotj tgen(]:avnF;Ee\:rI]r(t;]atj r el;ngrr);t[i:)orrc])c?srs nﬁarﬁ to
that allows a user to interact with a compusémulated 9 9 prep P

environment, be it a real or imagined or€][ Collaborative shutdowns ~ essentially for all participating contractors,
Virtual Reaiity Environments (CVRE) extends the VRconsuItants and operators to agree on the sequence and timing of
definition since CVREs are used for collaboration anahecessary operations to be performed during shutd@we of

interaction of possibly many parpants that may be spreadt e challenges of using CVRE for Knowledge Mazmagnt is

over large distances. The applications are usually based on tltpfe Integration Of_ Qynamlc—dlmenspnal (gr‘?‘ph'cs_ and text)
shared virtual environmentl]. CVREs can be access‘edcontentmore traditionallycreated during a discussion among

through the Internet and allows a group of geographical akeholders of a aht shutdowrand the &imensional objects
separated users to interact in real tim€ollaboraion and In the environment. Therefore, the research team has developed

Knowledge Management in Virtual Reality is subject of activﬁlnedv'ir;:ﬁglr&:;efs] :r)?ggegggiﬁ;ﬁtv'rtual Whiteboard (CVW) into

and continuing research [123, 14].
Among the platforms available to develofKnowledge
Management in a CVRE is Second Llfewhich is a virtual 1ll.  THE COLLABORATIVE VIRTUAL WHITEBOARD

3-dimensional world where the particigarhave the ability to The CVW is built upon and takes advantage of "Twiddla" which

develop and share multimedia content using a very simple USEL \vebbased whiboard technology that allowtakeholdes

graphic user interface. Second Life is a commercial enterp"ﬁ)eshare alocument and collaboratively make modificatio

: o : T TM

\I/(vr:thv\j4 dm|II|orrT]1 u;ers Vn\goTtiwldneciﬁr;rixil;?plelﬁstcon:ﬁlf\ém the document. fiese changes are shown to all the participants
| owledge h aB_age © i enviro he P Ia—‘l' 5 S h'oh' in reattime through an Internet connectidlb].

P annllng ISt fe _ll_n_ari])|st| r?t'onh”g shown in Ilg ' va IchIS CVW is fundamentally a bridge into and otditlee CVRE as

Imode edf_on acl |rt]|esua_t tdeSC e Easca_go'g a refinetye shown inFig. 4. Thewhiteboard screen is connected through the
argestrefineryin the United States shown in Fi§ virtual media settings to a dedicated twiddla workspace.

Whiteboard Screen Virtual Whiteboard

)
Media Settings URL = Twiddla.com/whiteboard
Media texture = “Green arrow” Collaborative whiteboard

Fig. 2.A binarydistillation rig, whichis modeled on one of th complex
industrial machines at the ChevrBascagoula plant.

Fig. 4a. Structure of the Collaborative Virtual Reality Whiteboard.
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This workspace is reachable by anyameo clicks on the edit the environment and add a new set of 3D objects which
rotating semiranslucentvhiteboard screen inside the CVRE.represent the sum of ideas and understandeveloped in the
Stakeholders can then see what each participant has dra@wW session. This 3D object scripted with behaviors and
written, or uploaded as shown in Figure 4b. notations then becomes the centerpiece of plannishgraiming
for plant shutdown. Figé shows an early exercise for the
construction industry in Collaborative Knowledge Clasation
resulting in an object that represents a "meeting of the minds"
despite geographic distance of the participants.

Fig. 4b. Clicking on the virtual display brings up a collaborative contributio
window thatallows all participats to bothsee and edit shareddmensiona
imagesand documentwithin the 3dimensionakenvironment.

The embedded Twiddla workspace can take all participa
to any web page which can then be collaborative annotated and
can upload various document faata including Microsoft Fig. 6. The end result of collaborative plannirggrealizedand scripted/irtual
Word and PowerPoint and Adobe PDFE. These documents C%iﬁ'ect which represents the collective understagnadf a real world problem.

then be annotated and images of the session can be saved by an . ) )
participant as shown in Fi§. Based on the construction industry experience, the project

team is actively building a knowledge capture center for
refinery shutdown based on preliminary schematics provided by
long time industry consulté This first attenpt is a 46foot
basic binary distillationrig that provides an experimental
laboratory for knowledge transfer and correlation as well
opportunities to enhance the scripted behavior of which
enhances understanding of fundamental operation and
shutdown. Fig7 shows transfer of knowledge from a Piping and
Instrumentation Diagram (PID) and local knowledge to
research personnel engaged in scripting of boiler input and
cleaning operations using CVW.

In a small scale experimetwo graduate computer science
stucents were assigned the task of implementing the behavior of
a binary distillation rig with the help of an industry consultant.
The first Afcontrol 0 student we
pencil in gathering her understanding of the functionalitshe

Fig. 5. Collaboratie design and planning using tBellaborative Virtual refinery element. Fig7 s h ows the control S

Whiteboard in Virtual Reality. her 2 hour meeting with the consultafhis jumble of ideas is a
good example of the difficulty of capturing knowledge about the

This new avenue for communication opened by CVWunctionality of complex dlimensional objects across subject
technology is already being used for collaboratiesign as disciplines.
shown in Figures 4b, 5 and facilitating communication  The control student was unable to make effective use of the
between U.S. Army Corps of Engineer scientists and Untyersknowledge she had attempted to capture and abandoned the
of Southern Mississippi Computer Science faculty and studenpsoject after approximately 50 hours of fruitless struggle.

The ultimate goal of gathering, clarifying and managing The second ACVRE studento use:q
knowledge through CVW technology is the realization in theig built in Second Lif€" and multiple CVW whiteboards to
Virtual Environment of a thredimensional objectith an capture the knowledge of tkensultant. As shown in Fi§ the
associated aah plan that encapsulates the combinedocus of the 2 hour meeting was the use of the collaborative
knowledge and experience of all stakeholders. Thehiteboards to gather and catalog knowledge.
collaborative environment allows participants to act together to
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benefit of facilitating annotadn of diagrams in native script that
do not e western characters. Fig shows an experiment

O~ [luneed

Tt dourn

Fig. 9.CVRE Binary Distillation Rig showing incorrect operation leading to a
fire.

with Mandarin speakers who are able (for the first time) to use a
collaborative CADlike environment in redime with
embedded communication in their native idiom.

Fig. 7. Knowledge managment notes from a student who interviewed a
consultant with only paper and pencil.

Fig. 10. Experiment in crossultural communication using Collaborative

) . ) . Virtual Whiteboard embedded in the virtual refinery installation.
Fig. 8 Use of Collaborative Virtual Whiteboards to capture knowledge about a

the behavior and operation of a basic binary distillation rig. . . . .
The immediate swess of the Collaborative Virtual

Using the whiteboards as guide the CVRE student Whiteboard has encourages a wide experimentation with

completed a first version of the desired refinery equipment finbedding various webased tools inside Second Life.
about 100 hours with2 of the64 event states correct on the first

try. Fig. 9 shows the resulting scripted refinery behavior (in this IV. EMBEDDING COLLABORATIVE WEB

case incorrect operation has teda fire). APPLICATIONSIN SECONDLIFE
Many refinery units are either identical or similar to other

installation elsewhere in the world and knowledge manageméty Web page may be displayed in Second Tlfby building

in preparation for plant shutdown is particularly desirable ii" Obiect which matches a regions media texture and setting the
cases where similar operation have taken place elsewhdP€dia URL to the desired location. FldStis not currently
However, knowledge management across internation%l'ppo_rted by Second Lif8 but a variety of other technologies
boundaries is made more difficult by language and culturd]cluding Java and the Google Web TodlKi(GWT) work
boundaries. Early experiment in international knowledgé®"y Well. Figure 11shows "MindMeister” 16] an interesting

transfer has been very promising including an unexpectéag potecrjltli:’:_l][étdnsefLLBWT—basecbrainstorming tool embedded
in Second Lifé".
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helpful on large development projects. FI§ shows a mockup
of a collaborative programming environmeaibedded in
Second Lifé" that would allow programmers to share control
of a virtual object and sekd changes that all collaborators were
making in real time.

Fig. 11 MindMeister a collaborative GWased brainstorming tool
embedded in the Second Liteenvironment reachable bylkregion residents
by clicking on the display and using the pap browser.

The display on a virtual texture is not interactive. Thus, a
collaborative wekbased application must be reachable without
a login (or through a general HTTP POST login). Ade
Second Lifescript can then be added to the display which will
take multiple users to the same public collaborative tool where

they can then all add their own contributions which can be Fig. 12. A databaselriven virtualexperience thaallows psychology
viewed by all in the virtual environment researchers to collaboratively and iteratively develop new experiences without
' the aid or interference of programmers.

V. CURRENTWORK

Currentwork is focusedn two areas:

1. Expanding the number of collaboratit@ols that provide
unusual pathway®r sharing and utilizing knowledge in
the Virtual Environment.

2. Development and movement from proprietary and remote
Second Lifé" to open source ah local hosted
OSBEST a branch off RealXterjdl7] and Opensinfil8]
under development by the Construction/Computing
group at USM.

Fig. 13. Collaborative Programming in Virtual Reality usiag embeddeReal
Time Collaborative Integrated Development Environment.
5.1 Collaborative Tools

5.2 OSBEST
Figure 12 shows a recently developed interactive haaus

display (HUD) developed in collaboration witthe University — Opensim[18] began as a project to reverse engineer or work
of Southern Mississippi School of Psychology. The backwards from the open source Second lifeiewer b the
collaborative aspect here is that the interactive menu of choicstill closed source Second Lité server. The capabilities of

in this case foran Alcohol Relapse resistance experignise Opensim have progressed very rapaityl the focus has shifted
driven by an external databas®y giving psychology from duplicating the features of Second LifeTM to the
researbers access and minimal training in the database modivelopment of new features. One such project is RealXTend
underlying the HUDt is then possible for them to work in the[17] which add Open Graphics Engine (OGRHO]
environment on new and revised virtual experiences withofiinctionality to Opensim. The addition of OGRE shading and
low-level programming experience. Fundamentaley are rendering is particularly useful fothe development of
able to share knowtigge among themselves and deliver the sumonstruction and heavy industry simulation. An example which
of their knowledge to their research subjects without the filter ¢§ a mockup of the new container portden development in
nonpsychologist programmers Gulf Pott Mississippi is shown in Fidl4.

The team is also particularly interested in embedding moreThe move towards an open source solution is motivated by
effective knowledgesharing programming tools such d®t the need for security as prototype environments move towards
"UNA" real-time collaborative programming environmeb®].  actual field use but the ability to add new functionality was also
Collaborative scripting in Second Lif consists of repeatedly an imporant consideration. GBEST is a set of additional
handing control of a jointly developed object back and forth, @apabilities built on top of RealXTend which is itself a branch
tedious and errgprone development pattern. Real timeoff of Opensim. Current GBEST modules under development
collabomtion on Virtual scripting would be an enormouslyare as follows:



