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Abstract—Qil&Gas production systems are currently
designed by means of complex computational modeling
systems. Those systems involve several areas of
structural calculus, oceanography, hydrodynamics,
mooring systems, etc. The project of a new productio
unit is a lengthy, expensive, and conducted by dixse
specialists geographically distributed. Due to thenulti-
disciplinary  characteristic  of those  projects,
collaborative visualization becomes a key component
during the life cycle of engineering projects, esméally
those in Offshore Engineering. We present the
integration process of an immersive 3D virtual reaty
visualization tool inside an integrated collaboratie
environment to be used by project engineers' teams
during the execution and control of complex
engineering projects. Such visualization system ainto
improve the interpretation capacity and a better
comprehension, especially tailored for the Offshore
Engineering domain.

Keywords; Three-Dimensional Graphics; Realism—
Virtual reality; Graphics Systems; Distributed networ
graphics;

1. INTRODUCTION

The Oil & Gas industry has increasing costs ofifigdand
extracting hydrocarbons, especially in remote locet,
ultra-deep water reservoirs or in hostile environteeThe
extraction of oil & gas reserves constantly facks t

challenge of reducing costs of its components and among other
High Performance Computing, dimensional geometric modeling, scientific visuatian,

activities, therefore,
Visualization and Remote Collaboration technologies a
being heavily used to improve productivity, leadity
better cost-performance ratios.

Problem Solving Environments (PSE) [1] promise to
integrated communication and group collaboration in technivark
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increasing their productivity by allowing them toctis on
the problem rather than on general computatiorsaleis.
Collaborative Problem Solving Environments focustioa
development of a PSE coupled with collaborative
environments to support the modeling and simulatbn
complex scientific and engineering problems.

Earth Sciences and Engineering are challenged to
manage and interpret increasing amounts of datangom
from the captured information of the environment or
generated by computer simulations. The typical wofk
scientists and engineers consists in detectinguresit
measuring them, and finally generating a model tified to
explain those observed features. This visual ambrda
science and engineering is powerful, as the humain b
excels at visually identifying patterns. As Edwaudfte [2]
wrote more than two decades ago: “At their bestplics
are instruments for reasoning about quantitative
information. Often the most effective way to deseri
explore and summarize a set of numbers — even & ver
large set — is to look at pictures of those nunibers

Visualization and Remote Collaboration technologies
help us to bridge the cost-productivity problemglitend
visualization systems are commonplace in the oigds
industry. In former times, the industries have show
sensitive gains in efficiency and effectiveness mhe
carrying out enterprise projects using Virtual Rali
technologies. In the nineties oil companies wereragthe
first to make industrial use of the so-called \ditueality
centers (VRCs), equipped with immersive projection
systems with large display walls (e.g., cave, di-
curved-panel, and powerwall), videoconference tools
solutions. Techniques such as three-

immersive virtual environments, commonly used in VRCs
pushed the limits of teamwork activities in Geoscies
and Petroleum Engineering.

The configuration of VRCs greatly improved visual

sessions and decision-making meetings. The pasgibil



visualizing and manipulating virtual models in ti&Cs
has completely changed the way of working, notdbly
geologists and engineers.

scenario. Despite their limitations, SCIRun and Farav
show the importance of combining visualization WRSE.

In the Upstream segment of the oil & gas industng,

VR visualization technologies enhance the content determination of optimal well locations is a chatieng

knowledge within any engineering design activityh&i
used in conjunction with collaboration, VR visuatina
provides valuable insights for better Decision Suppvith
risk mitigation. Dodd [3] has mentioned that thetnkig
management push is the empowerment of interdisaipfi
teams with collaboration tools that include remeted
immersive visualization on the desktop. Based os, tlve
emphasize that the combination of Collaboratives@oid
VR visualization constitutes a powerful componemtday
software solution for Large Scale Engineering Ritsje

The next sections are organized as follows. Sectio
presents the related works that inspired the id&as
integrate a 3D virtual reality visualization toalside an
integrated collaborative environment. In Sectionwg@
present the conceptual model of the collaborative
environment and how the virtual reality tool was
transformed into a collaboration-aware applicatioth the
support provided by the collaborative infrastruetur
developed. In Section 4, we present different @pgibn
scenarios addressed. Finally we present the caaokiand
discuss possible future works in Section 5.

2. RELATED WORK

In this section we present a few major works thativated
this research towards the immersive 3D visualiratimol
inside an integrated collaborative environment.

Visualization is an important component for mar§Bs.
For example, Parker et al. [4] describe SCIRun [RSE
that allows users to interactively compose, execate
control a large-scale computer simulation by visual
"steering" a dataflow network model. SCIRun supports
parallel computing and output visualization, bugimally
has no mechanisms for experiment
archiving, optimization, real-time collaboration, r o
modifying the simulation models.

Paraview [6] is a kind of PSE for visualizationath
allows the interactive creation and manipulation of
complex visualizations. Paraview is based on th®onamf
dataflow, and provides visual interfaces to produce
visualizations by assembling pipelines out of meduhat

problem for Reservoir engineers since it depends on
geological and fluid properties as well as on ecoico
parameters [7].

Gruchalla [8] investigated the benefits of immeesVR
for well-path editing. He reported speed and aaoura
improvements of immersive systems over desktopesyst
based in a study with 16 participants who planmedpaths
of four oil wells. Each participant planned two iveaths
on a desktop workstation with a stereoscopic djsplad
two well paths in a CAVE-like [9] Immersive Virtual
Environment. Fifteen of the participants completedll
path editing tasks faster in the CAVE environentant in
the desktop environment. The better speed was
complimented by a statistically significant increasm
correct solutions. The results suggest that an isire
environment allows for faster and more accuratélera
solving in a complex interactive three dimensiahainain.

The Fraunhofer Gesellschaft VRGeo Consortium [10] is
an oil & gas international consortium for develapin
visualization technology for Geosciences and Eraging
applications in Virtual Environments. VRGeo has been
presenting many significant contributions for tlee wf VR
technology, especially in the area of Collaboratverk in
Virtual Environments. Simon et al [11] presented a
qualitative and quantitative study comparing usgbdnd
interaction performance for multi-viewpoint imagegere
a large screen projection-based stereoscopic glisgktem
is shared by a small group of people, each of tvm its
own viewpoint.

Another work was the VRGeo Demonstrator Project for
Co-located Collaboration interactive analysis of pter
geological surfaces and volumes in an immersive VR

managing andsystem [12]. They showed a new interaction paradigm

allowing multiple users to share a virtual space ain
conventional single-view stereoscopic projectiosdmh
display system, with each of the users handlingstme
interface and having a full first-person experiemtethe
environment.

3. CONCEPTUALMODEL

are connected in a network. However, both SCIRun andIn this section we present the conceptual modeét@CEE

Paraview have important limitations which hampegirth
ability to support the data exploration processstFithere
is no separation between the definition of a datathnd its
instances. In order to execute a given dataflowh wit
different parameters, users need to manually seseth
parameters through a GUI — clearly this process du
scale to more than a few visualizations.
modifications to parameters or to the definition af
dataflow are destructive no change history
maintained. This places the burden on the sciemtti§irst
construct the visualization and then to remembevdiues
and the exact dataflow configuration that led madticular

is

Second,

(Colloborative Engineering Environment), an integdat
collaborative environment to be used by projectiresrys'
teams during the execution and control of complex
engineering projects, as is the case of the pmjeittieep-
water floating production units in Offshre Enginiegr
[13]. CEE allows an easy integration of different
engineering applications providing team workers hwit
means of information exchange, aiming to reduce the
barriers imposed by applications with limited or no
collaboration support.

In order to achieve its goals the CEE architectara



composition  of different  Computer  Supported simulations such as interoperability and distridute
Collaborative Work (CSCW) technologies to create a execution as well as data provenance [21] showdd bé
useful collaborative engineering environment. CEE is provided

composed of a Collaborative Visualization Environimen d) Project Management Environment— the ability to
based on a Virtual Reality Visualization (VRV) tcad a track all of the documents and artifacts generatedng
Videoconference System (VCS); a Scientific Workflow project's life-cycle. Multiple and different visisrof the on-
Environment with a Grid Computing Infrastructure (Cl  going project must be provided while users havéediht
support for executing large engineering simulatiar a background.

Project Management Environment (PME) responsfble
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Figure 1: CEE Conceptual Model.

controlling the overall execution of the projectldteeping The conceptual model (Figure 1) handles the above
track of all the information and different artifagjenerated = mentioned challenges creating specific servicesttiem
during project’s entire life cycle. composing the CEE Service Oriented Architecture.[22]

CEE allows users to collaboratively solve theirljpeons The Collaborative Visualization Environment is
through the use of predefined scientific workflows responsible for managing the user interaction. The
assembling new ones as necessary. Each workflowVideoconference Service and the VR Visualizatiorviger
comprises a sequence of simulations, usually endlitiga work closely coupled with the Collaboration Manager
collaborative visualization supported by a VRV tool. Service to enable the creation of collaborativeiaiization

sessions.

To achieve this, CEE was devised as an extensible
platform, flexible and independent of system, allayva The Scientific Workflow Environment, was created t
transparent flow of information among different éés; help the users build engineering workflows and dessty
systems and models. The challenges for building anexecute them in a Grid Computing Infrastructure (GCI)
effective and usefull CEE can be scrutinized accgydd More generally, to suppodistributed execution, we use
the following aspects: the interoperability characteristics of the ScWfldisd the

distributed execution support provided both by &@l of

a) Collaborative Work — effective human-to-human the CEE and also the support provided by the SOA
interaction and communication for solving confli@sd  packbone infrastructure furnished by the EnterpBisevice
enhancing group productivity should be provided; Bus (ESB) [23].. For interoperability among applioas it

b) Virtual Reality Visualization — high performance  \as developed a common format for data exchangmgmo
and scalability are important aspects of virtualiemment engineering applications.

architectures intended to support execution ofdaigared

virtual worlds over long periods of time; The Engineering Simulations Service provides a
c) Scientific Workflow Environment — challenges  Webservices interface [14] for remotely execute an

related to the control of the execution of engimger  engineering simulation program. Some of those sitous



are, Anflex [15] a Finite Element riser analysidtware, demonstrates how the applications were adaptee &ble
and Prosim [16] a coupled analysis software fordasign to send and receive messages from other clients.
of floating production systems.

3.2.1. Collaborative support

3.1. Collaboration Manager Service
The adaptation follows the Remote Procedure Call

Collaboration Manager Service handles informatiooudb ~ mechanism, created in the former times, as annaltiee
logged users in a collaborative session. It isaBsible for for distributed computation. The process of adamtatvas

the collaborative session management, access tontromade in two levels. In the first level, a clientss
policies, and behavior of each participant. On¢ghefmain paradigm was adopted where one instance of the
components of the Collaboration Manager Servicenés t visualization software acting as a server conngextsther
Session Manager, which is responsible to manageinstances running as clients. The server creatsscket
registered clients on the server and also cooreliiage server and starts listening the port waiting forerd
execution of the VR Visualization Service and the connections, while the clients connects to theeserv
Videoconference Service when both are selectedcssrto

be used in a session. Collaboration Manager Seiviatso For every new client connection, a thread on #rees is
responsible for initiating the Java Messaging SeriMS) created to deal with this new client, and the ergeaof
Service Provider, in order to start the CollabarmatBus, commands between that thread in server and thet dan
the communication mechanism used by the usershen t start. Although being a very simple implementatiis
collaborative session. synchronous communication mechanism is very limitin

for collaboration purposes, because they requiat the
VR Visualization Service is responsible for giving client and the server be available at the same tBasides
support for the Visualization Session execution &od that there is no potential for developing loosebupled

supporting the creation of the Collaborative Vis&eation enterprise applications without the use of multifhleeads.
Session together with Collaboration Manager Servite We will present later the use of an asynchronoussaging
VR Visualization Service integrates BLIND [17] as R mechanism as a powerfull alternative for a supédeieel of
Visualization tool furnishing the necessary support communication among the users.

Video Conference Service is responsible to corttrel A ComandSerializer component was developed to
evolution of a videoconference session that couwdup exchange commands that are in charge of transfgrthia
simultaneously with a Visualization Session, chidzing application commands into its equivalent serialifedn.

a Collaborative Visualization Session. This serialized form used the characteristics & tua

language [18] that is fully integrated into the VRWOI
A Service Coordinator in conjunction with the Sessi used in the project (Figure 2). Another componenthe
Manager is responsible for the creation and colitgplof solution is the RemoteCommandManager which is
the Collaborative Visualization Session connectinty a responsible to send and receive the serialized @mim
engineering simulations that wants to have its Itesu through a TCP/IP socket network connection. The fdw
collaboratively visualized. commands is depicted as follows:

The CEE-Collaboration Bus is created by the a) Every command executed is sent to ComandSenaliz
combination of an Enterprise Service Bus and a Mgssa that translates the command into a serialized form:;
Oriented Middleware (MOM), with a Java Messaging b) ComandSerializer, upon serializing the command,
Servicé" (JMS) compliant implementation provided, in  send it to the RemoteCommandManager whose job is to
our case, by Apache-ActiveMQ [24]. package the commands in an appropriate messagatftom

] ] allow peer RemoteCommandManagers to deal with those
MOM are based on the asynchronous interaction mode messages in an efficient manner;

and provide the abstraction of a message queuceahdbe. c) RemoteCommandManager sends the serialized
accessed across a network. More generally, MOM is acommand package inside the message format, totret o
category of software for communication in a loosely RemoteCommandManagers that are connected:;

cpupled, rellab!e, .scalable and secure manner ashong  g) The RemoteCommandManager peer upon receiving
distributed applications or system. The overalhiaéth a the message, checks the header whether it shote g it
MOM is that it acts as message mediator betweesages o not:

senders and message receivers. Two types of clsaarel e) ComandSerializer then receives the messagetfrem

available, a Point-to-Point (i.e. a single charped peer),  gocket, desserialize it and send it for executionttie
available for peer to peer communications, and Blipu Scripting Lua component;

subscribe (Topic) channel for group communications.
3.2. Collaborative VR Visualization Implementation

The CEE-VRV tool was adapted to be transformed anto
collaboration-aware application with the supporvided
by the collaborative infrastructure developed. Fégw
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Figure 3: Starting a Collaborative Visualization Session.

a) Service Coordinator verifies in the Service Regis
whether the client requesting the creation of the
Collaborative Visualization Session supports theiested
services or not;

Following this procedure the commands are executed b) Service Coordinator sends a request to Session

back and forth in the peers and we conclude tlsé [Bvel
of collaboration with synchronous messages.

The second level of integration is a more powerful
mechanism extending the types of communication$ tha
exists for Environ adding asynchronous communicatio
group and peer-to-pear communication mechanism
provided by CEE Colaboration Bus. In this second level
(Figure 2). the VR Service creates a local Proxat thlks
to the Collaboration Bus and acts as a server foViR¥
tool, therefore the VRV tool is now connected teeaver
socket on this proxy. This way, all collaboration
communication is tracked by the Proxy that sendsk ba
those commands to the VRV tool. On the other sgery
command sent by the VRV tool is resent by the Ptoxall
users using a Topic created in the CEE Session én th
Collaboration Bus or to specific users using its
corresponding Queues also created for each ustgipant
in the CEE Session.

3.2.2. Collaborative Visualization Session

The Collaborative Visualization Session is implersent
with the help of a JMS and is controlled by thev&er
Coordinator in conjunction with all Proxies started
demand by each Visualization Service on a clienttimee
that takes part in the session. The sequencetiohador
the starting a Collaborative Visualization Sessi® i
described as follows (Figure 3):

Manager to create a Collaborative Visualization Bess

c) The Session Manager requests to Visualization
Service the creation of Collaborative Visualizati®ession;

Session Manager requests to th€ollaboration Manager
Service the creation of session in the Collaboration Bus,
then Session Manager requests the creation of Ndatian
Session to Visualization Service and finally sermb t
sessionID of the session to the Service Coordinator;

d) The Visualization Service invokes the executain
the VRV tool on each participant creating the Praxyl
passing the sessionlID to it;

e) Service Coordinator receives commands from
the CEE Server and sends to all participants (topic) or to an
specific one (queue). Similarly, all participanéc
exchange commands among themselves usingrthées.

4. APPLICATION SCENARIOS

First, we present the project of Collaborative Risers
Analysis Workflow. Also, we describe the case @esign
Review Workflow of an engineering project where the
support provided a collaborative visualization gesdor
Design Review.

4.1. Collaborative Risers Analysis Workflow

Oil platforms use ascending pipes, called riserring the

oil from the wellhead on the sea floor to the matf's
separator system tanks. The risers are connectateto
platform using special connections called “jointsTo
certificate the operation of the risers for theitiee life
cycle (30 years or so), simulations of the strggsied to

the riser system are conducted based on meteo-
oceanographic data about wind, tide and water otgrén
order to avoid operational problems, simulatiors made



under extreme environment conditions to test againess
resistance.

The VRV tool adaged to use in the CE is a tool
designed to allow visualization of massive CAD et
and engineering simulations in immers environments
(VR and Desktop). Its a system composed of a
environment for real-timevisualization and pl.-ins to
import models from other applications, allowing nsséo
view andinteract with different types of 3D di, such as
refineries, oil platforms, risers, pipelines andda data.

Figure 4: Riser Analysis (V_RV toot VidecConference).

Figure 4shows a collaborative visualization session \
the presence of two users, represented by twandisiC-
cursors, visualizing the simulation results in tha@sktor
with the support of a Meoconference using tiCSVTool.

The blue arrow represents the water currents tttatate
over the riser, while the red arrow representsdinection
of the movement of the riser (i.e. instantaneouscit).
Observe that the greater the alignmenthose two groups
of arrows the greater the influence of the waterents in
the final movement of the riser. For that situatiea can
see that there is no such alignment, which meaatsothet
environmental forces (winds and waves) have a @r
influence in the final movement of the ri

Two 3D annotations were created automatically, shg
the extreme points (maximum and minimum valuesp
selected force or strength in the risfThe third 3D
annotation was created by one of the users toter some
important observation made in this collaborativesgm.

Among other resources, it is possible to playbdek
simulation, examine pipes, sea waves and ship ments;
and track elements in the risers that are subjetbe
extreme conditions (e.ghigh stress values). It is al
possible to select any element in a riser and ex@nti
carefully; especially those elements in places estibjl tc
great stress, such as the joints connection andTbrR
(Touch Down Point). In Figure,5he users are lookir
closely to the behavior of a selected element & riker
(green ring), they can also follow the movementshaf
element playing the simulation on the time bar.

At the end of the session both users will havetta
information attached tdéts local copy ofthe model. This
information represents the state of the collaboe:
visualization session and can be persisted ireatiit car
be loaded again in the future to reconstitute tenaric
that was analyzed.
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Figure 6: Users in a collaborati' visualization session.
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Figure 6 shows another collaborative visualizat
session now with another set of risers. The piclrews
the white 3D annotations created automatically, amal
other annotations creatt by each user, making comme
about different elements in those two ris

Observethat in the users tab, we have the aware
mechanism showing information about the statushel
user (online, offline) and its role in the sessfonordinatol
or participant).

In Figure 7, we show aengineering project where tl
users want to study the movement of a buoyantutiage
of the buoyant is to reduce the stress that arensigdl to
the risers, , especially whehetre is a great fluctuation
the platform movements due to strong environme
conditions (wave and winds)Through the use of tt
buoyant we can decouple the movement of the phat
hull and the movement of the riser sys. Engineers can
monitor thedistance between the buoyant and the plati
and also can obsertiee behavior odifferent forces on the
risers.



4.2. Design Review Workflow

Design review is the process dfecking the correctne
and consistency of an engineering project, and mgaitie
necessary corrections to iCEE is very helpful in thi
process, for instance to assess the safeness fefedi
emergency escape pathways in case of an emergetioy
plant.

The Design Review workflow is a simplified versioh
the riser analysis workflow, wherthe workflow engine
invokes Service Coordinator to create a Collabor:
Visualization Session with the support ideo Conference
Session according to the user’s choice. In thisisesthe
users manipulate engineering artifacts and cred
annotations and make 3D measurements in the r

Object manipulation is an important resource inigte
review. The ability of moving, rotang and scaling objec
is important for various purposes such as joiniiffpignt
models in a scene, viewing hidden portions of treeh
planning the placement of a new piece of equipnoent
plant, and simulating a maintenance or interver
operaion in a process plant are also valuable tc
Moreover, integration with a CAD database is usef.
allow user to create annotations on the model esiping
critical parts (Figure 8).It is also possible to sho
comments attached to objects, which can be as
recommendations for project managern.

Figure 9shows some measurements taken for plan

the movement of a large tank on production uUsers
create 3D annotations to guide the maintenancespsoanc
can also create an animated path showing the ¢
operation.

Figure 9: Measurements iD in a CAD model.
4.3. Virtual Guided Tour

In the Virtual Guided Tour, a user follows the movetst
of another user, sharing the same view of the n:

Figure 10 shows another collaborative visualizat
session. The pictures show both users followingaath
passing throughimportant points and at the end
annotation is created to mark some important evarthe
platform, maintenance or commission of new equigr
could be programmed.

During VR Collaboratiorthree types of sessic may exist:
Informal, Classroom and Lage. So for each type |
session the user has a status that is determimeddang to
its role (coordinator or participant). In a VirtuBuided
Tour the coordinator is in a state that he s camera
movements and must ignore any camera movements
the other users (SendOnly), while all the otherigigents
are in a state that they can only receive commaamat
cannot send any camera movements (ReceiveC

The awareness mechanism shows the icons of eacl
with 2 green lights, one for input aranother for output.
When changing to a Classroom or Lecture collabasi
session the state of the coordinator and partitipaange:
accordingly, as shown in theigure 10. Observe that the
awareness mechanism changes the icons of eact
accordingly, the coordinator change its state tod®mly
(upper arrow green, lower arrow red) while the ipgréant
change its state to ReceiveC (upper arrow red, lower
arrow green).

It is also possible taequest the coordinator role, t
only in a Classroom collaborative ses:, in a Lecture
session this possibility is forbidd
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Figure 10: Virtual Guided Tour
5. CONCLUSIONS ANDFUTURE WORK

A collaborative environment was developed to opterthe
execution of Large Engineering Projects such ashoffe
Engineering projects. Upon the integration of
technologies into the workflow of the team workeve
expect to improve the use of VR in&gas projects. It is
clear that visualization resources improve the iguaif
engineering projects, but users do not want to cgpbair
time preparing the content to be visualized in pHystenr
which requires knowledge in another domain, like
immersive multiprojection environment. The creation
an integrated environment that simplify the dadlp jof the
engineers, from running simulations on a Grid tigto
visualizing its results on an immersive environmenon a
desktop, provide increasingam® members productivil
allowing them to focus on the problem at hand nmathan
on general computational issueBrom the VR an
Visualization point of view, the solution approatieats
them as first class tools, exploring their potdnfiar
facilitating  information exchange and commr
understanding of complex problems.

Although this work is focused on a solution for €bfbre
Engineering projects, we believe that the prope
techniques could also be used in other areas. Tae
many important Petrelbm Engineering activitie<19] that
would benefit with the implementati of the current CEE
implementation, such as: olaborative reetime
visualization, walkthrough and flgver offshore facilitie:
modeled with massive CAD modelgroject of ultra-deep
water riser and mooring systems; Controlling
monitoring of the construction process of largedoiction
units, among others.
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