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Abstract of a thesis submitted in partial fulfilment of trequirements for the

Degree oMaster of Software and Information Technology

Using Mobile Devicgo Access Remot#isualisations

by
Zitian Li
Visualisation is widely used in many areas to help people interpret data. People may wish to share
the visualisation that they are currently using with others. Mobile devices provide one way to share a

visualisation, but they have limitations for waisation compared to the use of standard desktop in

terms ofmemory, graphics hardware and CPU performance.

In thisthesis a remote visualisation approach is used to overcome some of these limitations. As the
Paraview visualisation system can operaielientserver mode, the focus is on investigating a
solution that can efficiently transfer visualisations from the Paraview system onto a smart phone.
The solution developed is an application that can view and update the rendered image generated
from the existing visualisation system. The visualization system does not need tebiodtrer

installed on the smart phone. End users can easily retrieve the correct visualization without complex
user configuration. In order to generate correct visualisatiotheuit having to rebuild the client for

the mobile device, th¢hesisuses a gateway approach acting as middleware to communicate
between the render server (Paraview system) and our generic client (running on smart phone). The
gateway handles all of the geiests between the user and the server which runs locally to the
gateway. The gateway passes the final rendered image to the smart phone via the network for

display and interacting.

An end user trial is conducted to evaluate and compare the usabilttyeagmart phone client with
the traditional desktop client. The results showed that using gateway as a middleware is a useful
approach for a smart phone to manipulate the visualisation with the Paraview system. The
customised visualisation application dmetsmart phone is simple, without having to store data and

without installing Paraview system on the device.
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Chapter 1

Introduction

Visualisation is widely used in different areagch as medicine, architecturgeography to help
peopleinterpret physical data and objectZhou, Qu, Wu, & Chan, 2006pr example, scientists use
visualisation to interpret collected raw data such as air flow; engineers use visualisation to view the
mechanical part®f engines to solve possible ptadems; doctors also use visualisation to chéwok

functions of the human body.

Visualisation is defined as transforming data or information into visual pic{@&woeder, Martin, &
Lorensen, 2002)it is the processf exploring, transforming, and manipulating data to gain insight
and understanding, whiclprovides a way of seeing the unseen for scientists, physicians, and

engineers.

There are differentypes ofvisualisationnamely scientific visualisation to helgientists transform
data into scientific view information visualisatiorto translate collecteddata to a visual formn
order to helpwith decisionmaking processesn terms of differenttypes ofdisplays: 2D visualisation

represents a flat display efscenewhile 3D visualisation showslaree-dimensionaliew.

Just as there are differertypes of visualisation,here arealso varioustypes ofdisplay device for
presenting visualisatiain different environments The most common device asstandardmonitor.
Others includestereoscopic displaysCave Automatic Virtual Environmen{€AVIE and mobile
devices which are less commoand used in particular circumstancdse to their capabilities and
size.However, since new technologistarted to developrapidly, nobile devicessuch asPersonal
Digital Assistant$PDA3 and smart phones have become muahore popular in oureverydaylife.

Mobile devices act as smaller compuger

The performance of mobile devices is constantly improving. In particulartgghones have more
capabilities than just phoning, includingpllaboraive applicatiors that allow different users to

communicatewith each otherin real time. In one example, #sedupon construction worker@nd



oA = u

with Radiefrequency identificatio (RFID to support construction processest different project

management leval

(Figure10in web link:http://www.it.civil.aau.dk/it/reports/2009 06 _itcon_ksb.pgif

Figure 11 (a) Virtual model and physical components in construction (Sgrensen et al., 2009)

(Figure 8 in web linkattp://www.it.civil.aau.dk/it/reports/2009 06 _itcon_ksb.pdf

Figure 11 (b) Using mobile phoneo interact with different resources (Sgrensen K, 2009)

Figurel-1 Construction model and mobile phone interactior{Sgrensen K, 2009)

Ly {DNByasSy S It odQa LINRoGpoi the workingly@oezds dot.iBal o | &
time prgect management, quality assurance and inventory management in daderovide further

insight intothe future potential and challenges of using mobile devices for viewing visualization
reattime. Starting with amanual and papebased checking and project follewp process the

prototype in Figure 1-1 (a) illustrates how it can be done digitallyin terms of interacting with


http://www.it.civil.aau.dk/it/reports/2009_06_itcon_ksb.pdf
http://www.it.civil.aau.dk/it/reports/2009_06_itcon_ksb.pdf

different resources such as mobile phones and virtual modelshows how different users can
exchange their construction project information through different devidégurel-1 (b)shows how
people can exchange information efficiently using mobile phones while working on the construction

site.

Although Sgrensen et almainly focus on developing aonceptual prototype system fora
construction companyit demonstratesthat visualisation on moke devicess becomring more and

moreimportant in current and future technology development.

In general, people use standard monitors (eitldedesktop or laptop monitor) to view and update
visualisatios. However,in certain situations people maywish to share visualisationwith co-
workersin different geographicalocations. For example, scientists may need to loo&ratipdated
visualisation while they are out dfie office; or architects may need tetrieve andsend amended
drawings to other teammemberswho are at construction areasor engineers maywish to view
complex mechanical parts while they are working outgite office. The mobility and size of mobile

devices, such as smart phones, make tleamvenientdevices to carry out such tasks.

Snceasmart phone can actually act as a small computeaddition to using anobile device to

presenta scientificvisualisation, people may also wish to interact with the visualisation

In these scenarios, images are generated dy existing visualstion system However, the
transmission ofthe images toa mobile device and interacton with the visualisationmay require
installation of avisualisation system othe mobile devicetogether with the development of an
appropriate user interface.This nay require all the limited resources @& mobile device and slow
down the processing speed. Meanwhile, people may need to have knowledge about the complex
visualisation system in order to interact witvisualisationln addition avisualisation will neetb re-

scale to fit the screen of the mobile device for display.



1.1 Objecives

In thisthesis,we describe thedesign and develapent of a solutionto generate andsubsequently
update ascientificvisualisationusing a mobile devigcewith an existing visuaation systemSuch a

systemmust be easyo useand not require users to wonkith a complex visualisation system.

The overall aim of the researchis to provide tlis mobile device functionalityallowing users to
interact and viewa visualisation on the mobile device through simple inputsing acustomised

visualisation application.

1.2 Structureof Thesis

Chapter 2 discusses related work in the areas of visualisdtiogviews the literature orthe use of
mobile devics in visualisationtogether with fundamental concepts of remote visualisation
summarigng the limitations of usinga mobile device. It compares different approaches when
applying remote visualisation toa mobile device. Chapter 2 also suggests guidelines that are

appropriate for mobile pplications.

Theanalysis and design of thkesisis outlined inchapter3. Implementationis discussed ichapter
4. The evaluationis reported in chapter 5and dapter 6 concludes the thesis and includes a

discussion on possible future work.

1C



Chapter 2

Literature Review

In this chapter, we wiihtroducethe stepsin the visualisatiorprocessand discusshe increasing role

of mobile devices in current and future technology. Then we will desthbeuse ofcollaborative
visualisationfor userinteraction. In section 2.3, remote visualisation will be discussed in different
real world scenarios. The limitation of using mobile device visualisation will be described in
section 2.4. Finally, section 2c®ncludes by outlining an approach thatappropriate formobile

applicatiors.

2.1 TheVisualisationProcess

Haber & McNabl(1990) describe the visualisan process in three major stepSiter, map and

render as shown in Figurel2

Data , Image
— Filter |—{ Map |— Render —

Figure 21 HaberMcNabb Visualisation PipelindHaber & McNabb, 1990)

The pipeline illustrates how datare transformed into an image througthose three steps. The
quantity of datadecreasess it moves from left to right in the pipeline. The filtergais referred to

as data enhancement. This first transformation deals with filtering the raw data and modifying the
data for subsequent visualization operations. The second step maps the filtered data to a
geometrical representation. Finally the renderirgjage generates a visible image from the

geometricalrepresentation.

From raw data tdfinally present a visualisation, there are various techniques and platforms for
generatinga visualisationPatforms for displaying visualisation kia changed over tira in recent

decades.

2.2 Mobile device trends

Different mobile platforms have been developea | G A& F& dzaSNEQ ySSRad a2
PDA, mobile and smart phones have changed rapidihénlast decade. PDA (Personal digital
assistans) aredesignel to help people dealing witklectronic documentssuch aseading emails
Snart phones combine the advantages of RD&nd n2 6 At S LK 2y Sa Q imdgfatedh y 3 O
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into a simple mobile device. In terms of visualisation, smart phones offeroved 3D rendering

capabilities compared ta PDA.

Nowadays, rabile devices are playing an increasingly important role in visualisaliemotivation

is that mobile devices and applications have been primarily designed to increase efficiency and
productiviy for people outside the officéRodrigues, Barbosa, & Mendoncga, 2Q04pbile devices

such as PDAs and smart phones are widely used in modern society, and smart phones have seen very

rapidtechnologicabdevelopment.

The performance of mobile devices is constantly improving. Iniquédar, smart phones now have
more capabilities than just phoningcludingcollaboratve applicatiors that allow different users to
communicate with each other in real timéor instance, people now can easily post comments on the

Facebook wall of othassers through mobile devices.

Visualisation plays amcreasinglyimportant role in modern life People use visualisation widely to
analyse collected data and interpret tresioh the real worldly 2 NRSNJ G2 al GAafe RA
in terms of molde device applicatios) necessary changes will need e made to visualisation

systens. Different devices will then bableto adoptthese systemgCharters, 2010)

FHgure2-2 shows a scenario for a scientist undertaking earthquake research whiléng at different

locations.

It shows that people around the worldayview results and analgdata in various locations and
exchange feedback collaborativeBisplay devicefor visualisatios are wide rangingfrom a

visualisation wall to small mobilesdices such asa PDA or smart phone.

12



Collaborative Visualisation

At Desk Management and
Yisualisation Analysis

Busine ss Justification

S

Collaborator
Visualisation

-
‘:\ -

Conference ;
-Presentation S, Processing \

Storage

External
Agencies

Laser Scanning

PDA Visualisation Onsite Simulation

Satellite Imaging Offshore Data Gathering

Figure 2 2 eResearch Visualisation Scenaf©harters, 2010)

As visualisation systenasid computing technologlgave developed significantly ovére years,
currentvisualisation systas need to be adapted and developtasupport different devices in order
to meet the needs of researchers in the futufiéhinking of the rapid changes on mobile devige
especially smart phones,ignot surprisng that there will be new demarslof visudisation systems

that arerequired to be supported on #ssemobile platforms.

2.3 Collaborative Visualisation

Daa setsthat are largemay require more than one person to interprahem. Thereforesuch
scientific research is carried out by teams rather thadividuals. Collaborate systems allow
multiple users to interact with the visualisation analysis procdsss example, research scientists
needng to look at a visualisation resultan contribute their ideas and share their interpretation

with others h the team even if they are at differephysicalocations.

Collaborative visualisation enables different users to contribute their own understanding and views
more quickly and easily to all members that are involved in the investigation. The fundamental

approach tocollaboration in computer systems is referred as compsigpported cooperative work

13



0/ {1/ 20d® | LI S IptaceInatix(1991)dutlinedihbw fBople are involve different
I OGABAGASE o6l aSR 2y GAYS |yR LI I OS RAYDHBEAZYA
provides an updated timspace matrix for classifying collaborative applications. This is shown in

Figure2-3:

L post-it ) ) google earth gickr
E notes graffiti snail-mail usenet
- gE—
wid
tagging
blogs
ambient email youtube
displays
. instant messaging
whiteboards table-top telenhone
interaction P teleconference
projectors virtual distributed
workspaces visualization

space

Figure2-3 Heer's TimeSpace matriXHeer, 2008)

The TimeSpace matrix also illustrates several technologies that have been applied for collaboration
purposes. The time dimension indicatevhether people interact at the same time or not
(synchronously or asynchronously). The space dimension describes whether people are in the same
(colocated) or different (remote) place. Brodlie, Duce, Gallop, Walton, & Wa004)also discuss
asynchronous collaboration anslynchronous collaboration. Asynchronous collaboration falls into
different time dimensions It refers to collaboration that involves activities such as letters, emails or
faxes. Synchronous collaboration falls into the same tidimension Activities suchas video
conferencing are classified as synchronous collaboration. In the synchronous remote dimension,
distributed visualisation would allow people to share visualisations at the same time in different

locations.

Pea(1993) explains that collaborative visualisation in the scientific area could allow scientists to

establish ral-time video connections with their colleagues, in the context of the sharing of computer

14



windows across networks in which scientific data and models can be discussed at a distance. It is
ly2eéy a aoKI G e&2dz 4SS Aa ¢ Kfrolm thésciénﬁfiﬁoéir@of‘mefws tAG
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mediated by scientific visualisation tools in a collaborative confezt, 1993)

Other literature alsostates that one of the significant advantages of collaborative visualisation is that
it allows for the poohg of remote computational resourc€$999. Collaborative visualisation allows
more users to take advantage of more advanced resources to aid the work process between

members of the group.

2.4 RemoteVisualisation

As mentioned earlier in section 2.5, drder to generate a visualisation, the necayssteps include

data filtering, mappingnd rendering(Haber & McNabb, 1990There are many different computer
rendering techniques for visualisatioRoberts(1993) states that isosurface and volume rendering
are the main techniques for rendering volume datilatt & Policarpo(1998) discuss many other

important rendering techniques that have been developed, such as ray casting and ray tracing

Depending on the rendering environment and the purpose of the visualisation, there are normally
two ways for mapping graphics onm R S @4 dBfldy: rendering the visualisatiousing a local
application or through remote rendering of the visualisati®odrigues et al., 2006Besides the
rendering technique, user interaction is also another aspect that needs to be considered when

displaying the visualisation.

Since researchers began to use more advarasetimore powerful computesto process larger data
sets, remote visualisation has become increasingly imporftaoke & Hansen, 200ZJhere are
situations in which scientists may need supercomputers or special graphics hardware to analyse data
sets. However, those resources may be located in a different fgtadche sdentist. In this case,

remote visualisation is the solution to perform large scale visualisation using only limited resources.

Recalling the scenario describedcimapter 1 people maylike to viewand interact withvisualisation

from a location outsideheir office. In this case, accessing the required visualisation with a device

15



which hasimited resources may be an issue. One way to solve this probldm use a remote
visualisation capability. This allows users access resources from a remote syslisnsection

describes some of the approaches to remote visualisation.

The fundamental components of remote visualisation normally include afgformance graphics
engine, such as those found in supercomputers or a desktoppuoten acting as a servegnd
another workdation in a remote location such asother computersor mobile device, as a remote

client.

(Figure 3 inweblink: http://www.msi.umn.edu/~lilli/wehs.pdf)

Figure2-4 Clientserver approach(Garbow, Yuen, Erlebacher, Bigl & Kadlec, 2003)

The server and client communicate through a network. As showinerexample inFigure2-4, this
clientserver approach uses a workstation as a servgreidorm somevisualisatiortasks while other
multiple clients mayt differentlocatiors interact withthe visualisation remotely via a network using

different display device€Garbow et al., 2003)

Brodlie et al2004)claim that since the early 1990s the cliesg@rver approach to visualisation has
developed along with the Internet revolution. Cliesgrver interaction varies depending on how

much of the computation of the visualisation is done by the client and how much by the server.

The followindfigureillustrates different components of remotasualisationLuke & Hansen, 2002)
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(Figure 1in web link:http://dl.acm.org/citation.cfm?id=60210)/

Figure2-5 Dataflow in scientific visualisation applicationd.ulke & Hansen, 2002)

Figure2-5 shows different possible workloads for the server and client components of a visualisation
system. Scenari@ has the server performing most of thgrocessing task including data storage

and rendering. The client only needls display the image. In the second scenario, some of the
rendering calculations are done on the server, the client finishes the rendering locally. In the third
scenario, the server handles data storage and calculation, while the client performs ahtiering
f20ltfed ¢KS FT2dz2NIK aOSyINAR2 Lidzia Fff GKS OFfO

the server for raw data storage only, which is less common for remote visualisation.

Based on different remote visualisation approaché&spuet al. (2006)also describe three different

modes ofremote visualisation over networks:

U The simple solution for remote visualisation ithan-client modewhich means light workload
on the client side. This approach uses a kgl graphics server for complex compudais,
while a lowend graphics clientsuch asa mobile device only need to display the rendered

image received from the server.

i The fat client modeis the opposite, which means most visualisatiprocessingtasks are

performed on the client side rathéhan the server side.

i The balanced modedivides the rendering and calculation processes between the client and
server side, whiclsometimesis promoted as an ideal choice for mobile visualisatiwhen the

rendering task arenot complex

These three moeks are similar todifferent components of remote visualisatighule & Hansen, 2002)

in Figure 2-5. Depending upon thepurpose of thevisualisation, the hardware and software
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performances of the mobile devices, we need to apply those three modes of visualisation

appropriatelyaccording tadifferent situations.

There aremany different projects that usa clientserver architecture to develop more advanced
features. Lambertj Zunino, Sanna, Fiume, & ManieZ2003) develop a framework that enalbde

interactive remote visualisation of OpenGL Glba$ed graphics applicatisrSeeFigure2-6.

(Figure 1 in web link:
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.106.1498&rep=repl&typerpdf

Figure2-6 (a) Clientserver framework used in PDA

(Figure5in web link:
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.106.1498&rep=repl&typeyrpdf

Figure2-6 (b) Remotevisualisationin Medical use

Figure2-6 Design architecture and result(Lamberti et al., 2003)

Their concepiis based on the Chromium architectuf@umphreys et al., 2002p complete the
rendering task with different workstation clusterAs the PDA hdsnited hardwareto provide 3D
rendering, each of the workstati@renders a part of the image then sasit back to the PDA via a
software bridge. The project also uses a cliesgrver framework in the remote visualisation
environment. The server and client exchange information over a socket through a netwerRDA

device is used to control the remote rendering engine for collabeeatvork in the medical domain.
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The user would be able to explore the visualisation interactively using a navigation interface.

Compared with desktop devices, @mphasies the use of aserverbased framework to generate

large, complex and realistic 3D wadisatiors A Y

2NRSNJ (2
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quality 3D display This is a successful mobile remote 3D visualisation applicationdigvailable

for general public usdt has beerdeveloped for the user who is familiar with OpenGL a&ndased

on a PDA device.

The ResourceAware Visualisation Environment (RA\&g¥temis a collaborative application that

sharesrendering resources between different platforr{Srimstead, Avis, & Walker, 2005he RAVE

architecture includethe following componentsdata servicerender serviceactive render client and

thin client.This is shown iRigure2-7.
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(and Active Local Client)
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External
Application
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. Camera position, to Scene Soite

Other
Render
Services

Figure2-7 RAVE architecturéGrimstead et al., 2005)

The data service stores the rendering data locally ismdsponsible for recording any updst The

t

activerenderclient represents a device that has a graphics processor and is capable of rendering the

dataset, such as a laptop or desktop computer. The render service is similar to an active client except

that it does not display the rendering results locally. The thin client is a client that has very limited

rendering resourcg for examplePersonal Digital AssistantBDA) Thereforejf the user has limited

access to the rendering machine, the client couthnect to the render seer and request copies of

the rendering results.
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In the RAVE projecthe PDA has insufficient internal memory to store the dataset asdopm the
rendering It uses a render server to perform the renderimglata server to stee the dataset ang
PDA to display the visualisation. The PDA user contett® render server througla network and
usinga PDA applicatiomequest a copy ofthe rendering results. The render server confirms the
connection with the PDA client and theandsa copy ofthe frame buffer ovea TCP/IP socket to the
PDA client.

‘II UDDI Service l
| |

3. 5 interr | \
— ] _7_|._——L II 3. Requesi remore dara
X rearion | ot —
] Z_Subscripiion reques T~ | 6. Receive VRML/other L
¥ | T T
1 _ e — .
— ~———_& Receive booisrap
| ~——_9 _Comtinuously synchronise via deltas| o |
T - Web Server
‘I | Mr.wraajrc creation | Data Service
\ | —— |
\ | — II | 11. Subscription request
\ f.'l o | \ | 42. Receive boorsirap
" e TUES] ——
: 14, Subscriprion 1 equest | 13. Synchronize via delias
Il —
W - . .
| ——— 15 Continuous image stream \

Thin Client H'"‘-———_Jgﬁcme interactions as rvquirfd

Figure2-8 Interactions between client and server for the RAVE syst@nimstead et al., 2005)

In an experiment using RAVHustrated in Figure 2-8, remote visualisation was accomplished
successfully using the clieaerver approach.The client and server were located in different
countries.The client sent messages to request a TCP/IP socket to receive the dathetmahder

server storedAfter the render servereceivedthe message, it sent messages back to the client with

0KS NBYRSNJ aSNBSNRa L2 NI gahgrondhed the gliBntrekefvadihe y OS  y

information that the render server sent, the client connected to the render8étia L2 NI @ hy
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connectionwas established the render server and the client continuously pagslata over the
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Figure2-9 RAVE service managéBrimstead et al., 2005)

Figure2-9 shows the RAVE manager GUI,ichihis quite complex for users. Since the system is
adopted acrosdlifferent platforms, there are many details that need e specifiedin order to
retrieve the visualisation output. IRigure2-9 (g), the RAVE system will automatically generate the
required rendeed image from a web link om thin client (PDA). Ussrcan interactively choose

different datases and visualisation resoluticafor display through this service manager.

The RAVE system provideéhe advantage of sharing resources between difer platforms,
particularly with regardto mobile devics, if the users needo generate visualisation results that

requirelarge amouns of computation

In another remote visualisation application, Garbow et &003) developed a welbased
interrogative system that permits users to remotely analyse visualisation data basedchent-
server framework.An advanced version ofhis web-based interrogative systencalled WEBS
enhancel by Yuen, Garbow, & Erlebach¢?004) extends the front end client using avireless

connection, such aa PDA. ThedvancedWEBIS system is designed for geoscientists who want to
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generate visualisatianof large dadsetsfor data analysis purpose. The components of dldganced

WERBIS system is schematically showind-agire2-10:

(Figure 2 in web linkattp:/link.springer.com/article/10.1007%2Fs1006®3-0012-z?L I=true#

Figure2-10 WEBIS system architecturéYuen et al., 2004)

The WEBS system alws collaborative visualisatiolients can remotely reteve rendered image
using middleware calledthe web gateway. The web gateway offers different access points to
collaborative clierd. The WEBIS systenstores dateand renders imageoff-screen orthe server side,
which enables multiple clients to render different data simultaneouslge server and clientsse a

web browser to exchange requasind updatethe images.

The web gateway is in the form afweb browserasshown inFigure 211 (a). It shows tlat WEBIS
provides a Java applet the client end,which users camse tointeractivelyupdate the visualisation

results by selecing subsets of data to analyse.
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(Figure 1 in web linkattp://link.springer.com/article/10.1007%2Fs1006®3-0012z?L I=true#

Figure2-11 (a) Web-based view via Java appletéruen et al., 2004)

(Figureb in web link:

http://link.springer.com/article/10.1007%2Fs1006®3-0012z?L I=true}

Figure2-11 (b) WEBIS systenfunction setup(Yuen et al., 2004)

Figure2-11 WEBIS system

Figure2-11(b) shows thaWEBIS ugsa wide range oprogram toolssuch as C++, OpenGL, CORBA,
Java toimplement the server and clienfRenderingon the serveris generated by the Mesa3D
graphics libraryn orderto visualisethe dataset. The http server is viewed as an appletrf@web

browser, which is part of the web gateway. Once the network connection is established, the client
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makes requests to the server using a web browassita Java applet as the front interface. The web
gateway ussa CORBA bus to transmit commands &neimage buffer tathe server.The server will

then pass the generated image backte client for viewingviathe web browser.

2.5 Mobile Visualisation in use

In comparison with mobile devicestime last decade, there hae been significant changen the ue
of mobile devices, especially mobile phonetwever, besides the advantages of the mobility of
mobile devicesthere may belimitations in using mobile devices for visualisatioompared to the

use of standard computersuch as:

U Clarity of visualisatio: small window size, lower resolutig@hittaro, 2006)

U Rendering speed: limited memory, graphics hardwé@@hittaro, 2006) limited wireless
network bandwidth(Park, Kim, & Thm, 2008)

U  Yower systems, restricted user interface, and lewprocessig performancg2006)

Table2-1 outlinessomehardware differences between a smart phone and a computer:

Table2-1 HTC phone & Computer Hardware comparison

HTC Touch Pro2

General Computer
smart phone

Core Single Dual Core

Processor 528 MH 2.2 Ghz

RAM 288MB 2GB

External Storage Up to 32GB Up to 2TB

Screen (pixels) nyn - ynn o6odmnnann - Gan OH
Dedicated raphics  chi . .

Graphic Performance (64MB RAMg r(gserved fQ Choice between _Dedlcgte

. or Integrated graphics chips

graphics)
HSDPA/WCDMA ¢ From| Wired Network: Normally

Network 9.6Kbps up to 9.2Mbps 100Mbps, can up to Gbps

WiFi¢ Up to 54Mbps

The comparisosiin Table2-1 indicat that compared witha computer, current smart phone have
lower graphicsperformance, slowr processing speed and limited storageapacity Most hardware
features of the smart phone are similar to a 1dt890s computer.However,Huang, Bue, Pattath,
Ebert, & Thomas(2007) point out that there has beenrecent signifi@ant developmens in

computational power for mobile devices. Improvements continue to be made in processors, graphic
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chips and display hardware; which meansttimobile devices will becomecreasinglypowerful

compared with currenspecificatiors.

Chittaro (2006)alsoindicates the trend of displaying visualisatiemn small screen mobile devices.
However,RSALIAGS (GKS aA3ayAFAOFYyG | ROl y2006)d&linegthe ( KS
Y20Af S rBsBidian® SuahQas limitedcreen sizeaspect ratio, hardware, connectivity and

input techniqueghat may affect visualisatioaffectiveness

One significant problem ofmobile remoterendering is network bandwidth. Diepstraten, Gorke, &
Ertl (2004) address the issue of having low bandwidth compared to wired networks of desk
computers when displayingD graphics on mobile devices, such as PDHesfocus of their approach
isto reduce the necessary network traffic when passing the reedé@nage to the PDA. The overall
goal is to have a fair balamrcbetween client and server durinthe remote renderiry process.
Diepstraten et al(2004)introduceda method to obtaina rendered image ora mobile devce. The
ideaisto transferjust the 2D edgelines from the 3D image to the client devirstead of theentire

image

(Figure 1 in web link:

http://cumbia.visus.unistuttgart.de/ger/research/pub/pub2004/cqiO4liepstraten.pdj

Figure2-12 Architecture overview(Diepstraten et al., 2004)

The system is shown iRigure2-12. The thickness of the arrows repressithe amount of data
transferred over the networkThe proposed solution was testaging different bandwidths. The
results indicate that with different network settings, the client side frame rates did not seem to
relate to the network bandwidthinstead the frame ratedepended onhow fast the server @uld
produce the necessary line§his approach othanging the data that is transferred from images to
lines, although not stéble in detailed visualisation environments, stithve a good hint on how to

deal with the usual network bandwidth issuden using remote rendering
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In relationto the above literature, the bandwidth issue will need to be considered based on the
AaSNISNNa NBYRSNAY3I ALISSRd ¢KSNBTF2NBX Ay 2NRSN
devices, such as limited memory capacity and lower gragedormance, emote rendering is the

most common solution adopted in the literature for mobile devi¢igdalutti, Chittaro, & Buttussi,

2006)

According to Luke & Hans€R002) as mobile devices have limited rendering resources, the scenario
1 dataflow inFigure 25 is most appropriate for mobile devices using a remote rendering approach,
i.e., thin client modeusing the mobile deice as a display client and perform data processing and

visualisation rendering on a different server.

2.6 Summary

Visualisation is the process of taking raw data and then filtering, mapping and rendering it. As raw
data become larger, how to effectively us®ailable resources to generate visualisations become
more complex. Collaborative visualisation enables different users to contribute and share their own
understanding and views more quickly and easily to all members that are involved in an investigation
or research process. In particular, the synchronous remote configuration that allows people to
exchange information at the same time in different locations is the famushis project. This
technique takes advantage of sharing more advanced resourcesl o #ie work process between

members of the group.

Mobile devices such as PDAs and smart phones have become popular to use as a small computer.
Increasinty users may want to view their visualisations on a mobile device. As mobile devices have
limitations in processing power and graphic hardware, the clgamer architecture approach to
remote visualisations anapproach hat mayovercome some of the issues faced when dealing with

the limited capabilities of mobile devicelletwork bandwidthmay be anissue if thereis a slow

rendering speed in a remote visualisation system.

However, the thirclient mode offers a solution to display the image only on the mobile device and

use ahigh-end graphics server for the complex computatioRsrthermore, some npjects use web
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based applets to allow users to interact with the visualisation and choose appropriate dafaset

updating visualisatios

The WEBS system andhe RAVE system both produce visualisasioia their own integrated
prograns and use a welserver as middleware to allow the cliettt interactivelycommunicate with

the serverBoth systems use a wide range of program tdolbuild the server, the middleware web
serverand the client; the systems progratheir own servers to analyse datasetsorder to satisfy

their particular needs, such dsr geographic purposein the WEBIS system. The RAVE system has
beendeveloped for a particular PDA and requires visualisations to be created entirely using the RAVE
system.On the other hand, bothhte client interfaces of those systemare complex for a general user

to conduct remote renderingThe visualisationoutput is displayed through a web browser which

may need tdbe reformattedfor the user to view on a small mobile device such amart phone.

In order to overcome the disadvantages oésle visualisation systems, a tkifient prototype design
is introduced based on an existing visualisation system. The analysis and detailed implementation of

this desigrisdiscussed ichapters 3 and 4.
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Chapter 3
Analysis and Design

Chapter 1 describes the increasing use of mobile devices in current and future technology
development and the limitations in using mobile devices for visualisation compared with desktop
computers for example. Chapter 2 outlines some exasplf using a clierderver approach to

overcome the limitations in mobile device (PDA) visualisation. In this chapter, we present an analysis
of the requirements of this project and investigate a remote rendering solution to solve the problems
raised in @apter 1 and Chapter 2.

3.1 Requirements

An essential factor of the system is that the visualisation application should be able to help users
view and update visualisations using a mobile device. The system should operate without having to
store raw data or istall a full visualisation system on the device. The application should be designed
to provide the mobile device with functionality which is easy to use. The expectation therefore is that

a visualisation will be delivered via a network to the mobile dmvic

We have determined the following requirements for the application:
1. Runs on asmart phone

2. Connects to a remote server

3. Interconnects withanexisting visualisation system

4. Allows users to interact with the visualisation

1. Runs on a smart phone

In Chapter 2 we have included some examples of successfully using PDAs to display

visualisations based on their visualisation system, such as the RAVE system.

For different mobile devices, their functions and capabiliiess diverse Compared with PDAs, a

mobile ghone such as a smart phone hassimilar operation environment but different
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functionsand capabilities. In thisesearch as the visualisation application is aimed to help users
view and update visualisatigmlisplayed on amobile deviceandsince othemrojects have us#

a PDA asn example and smart phonsnowadaysare capable of using different programming
language to develop daible applications, we use a smart phone as a mobile display device to

run the visualisation application.

2. Connects to a reote server

As mentioned in Chapter 2, a remote rendering approagh avercome the shortcomings of

smart phones.

After a visualisation has been generated, the solution should allow the smart phone to render
the visualisation remotely by implementing deat-server architecture, i.e., the smart phone

connects with a server remotely.

3. Interconnects with existing visualisation system

The main emphasis of thesisis on developing a solution so that a smart phone can be used
to view and update visualisains in remote locations. We are not concerned with developing a

new visualisation system.

In addition, if the smart phone application is developed using an existing visualisation system, it
is possible that the solution may work with other visualisatisoftware. Therefore, it is

necessary that the smart phone application interconnects with an existing visualisation system.

4. Allows users to interact with the visualisation

One of the main purposes of the application is to allow users to update a visigalibg using a
smart phone. The solution should allow users to interact with the current visualisation using an

existing visualisation system.
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3.2 Objectives ofThesis

The overall objective of thithesisis to describe the development of a prototype thatassa smart
phoneto view andupdatearendered image by interacting with an existing visualisation systéine

design and development of the prototype includesseral key objectives as follows:

1. Develop a solution that allows users to create a connectioom the mobile deviceto the

visualisation system in an easy way

Network configuration and interaction between server and mobile cliest becomplex and
require knowledge of the rendering server aie network connection tahe client. In order to
reduce thecomplexity ofcommunicationbetween server and client, the solutiamould simplify
this procedure as much as possible so that users can connect the smart phone with the remote

server in a straightforward manner.

2. Develop a solution that allows weg's to interact with the visualisation system and update

visualisations from a smart phone

One of the main objectives is to send tlhpdated visualisation from the visualisation system

server to the mobile client, such asmart phonebased on the rema visualisation framework.

The solution should not only be able to send a single static image that repsetient
visualisation, but also be able to allow users to manipulate the received visualisation and update

it by interacting with the visualisatiosystem.

3. Develop a user friendly interface that can provide data validation and pass useful error

messages back to the user

If end users input invalid data to the smart phone, the application should be able to

automatically check the input data and geate meaningful error messages to alert user.
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4. Develop a prototype thatllows the solution to bedeployed using asimilar visualisation

system

The conceptthat will be developed should be applicabledimilar existing visualisation system
In princige, the communication protocol between client and server should be able to be used

for more general use.

3.3 Analysis

As described in Chapter 1 and Chapter 2, remote visualisation offers a solution for overcoming some
of the limitations of mobile devices. Byinga client ¢ server architecture, users can retrieve a
visualisation for display on a mobile device using a higinel worksation to process and calculate
GKS O2YLX SE RFGl a8SGazr ¢gAlGKz2dzi ySSRAy3 e dz&AS

visualisation.

Depending on the hardware and the purposes of the mobile client, the dieeatrver architecture
will differ depending on whether rendering occurs locally or remotely. The principle of the proposed

client-server architecture of the exiag visualisation system can be illustrated as follows.

Server Client

< Network

Image

Figure3-1 Classic Clierserver Architecture

The clientg server approach uses a thin client as the end user, i.e. PDA or smart phone, to display

visualisations. Thelient and server communicate over a network. Visualisations are transmitted
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between the two.Figure3-1 shows that the computer acts as a server to perform data storage,
filtering and mappingDepending on the size of the dataset, data rendering mayrdocally on the

client or remotely on the server. Display of the visualisation happens on the client.

3.4 Design

We consider two approaches to the cliengserver architecture:
U  Direct communication approach
i Gateway approach

These are discussed in more detmlow.

3.4.1 Direct communication approach

The concept of direct communication is to render the visualisation on a smart phone directly through
the server. Basically, both the server and the client will have to install visualisation application
softvare in or& NJ 12 NBOINASGS (GKS QArada tAraliArazy dzaAiy3
client. In this approach, we process the rendering window on the smart phone. The server will

stream the data directly to the mobile client. This approach is illustratédgare3-2:

Server Client

Data ‘fﬁ/ Rendering window

et

< > Interact with

server data

Figure3-2 Direct Communication approach design

By using this approach, the mobile client will interact with the server directly. The mobile client does
not hold a record of what and wheamimage has been sentdm the server. Meanwhile, in order to
render the image on the mobile client, it may be very complicated to build a version of the existing
visualisation systenon the mobile client. Also, we will have to consider the mobile client memory
needed for successlly running the application client locally, since in order to run the application
Ot ASyGz GKS ftAONINE Ydzald o06S AyaidlftftSR 2y AdG=Z

storage when installed. Once the data has been processed on the sdmeevjsualisation will be
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rendered on the phone using the visualisation software. Therefore, the library may also require a

large amount of memory to run the application locally on the mobile client.

3.4.2 Gateway approach

The gateway approach originallgroe from the medical mobile collaborative display system of Park
et al. (2008) However, instead of using a gateway to communicate with different collaborators, we
canuse a gateway to act as middleware to communicatewlsen the server and client. In this
approach, the smart phones used fordisplay purposes after receiving the final rendered image.
Also the user can use the smart phone to send tpdaquests to the server via the gatewahhis

approach ishownin Figure 3-3:

Visualisation Output
Transferring information

/ - " Client
Application ||
/ T =

Sending update request

Mobile Client

— 4 Gateway

«— | (Middleware)
Configuration of
rendering

Server

Small screen device

Figure3-3 Gateway design

We run the applicationin clientserver mode between the server and the gateway. The server
completes the configuration for renderingnd streams he geometry data to the gatewayl.he
gateway handles interactions localliye., interacting with the servemeceiving update requests from
the mobile client and transferring those requests back to the seMs pass theisualisation output

from the gateway to thenobile clientthroughthe network for subsequendisplay.

In this approach, thenobile clientacts as an end user. It is responsible for displaying the received

image and also allows the user to update the received image by interacting with the gateway.

3.4.3 Selected approach

Since bothapproaches are based on the remote visualisation architecture, we need to choose the

appropriate one for our case. Instead of the server directly communicating with the mobile client,
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the gateway is developed to control the interaction. In tissis the gateway design is selected due

to the following advantages:

i Gateway controls what data or visualisation is sent to the mobile client

End users on the mobile client side do not need to know what happens between the server and the
mobile client itself. Theyateway is responsible for setting up the connection with the server and
transmits the visualisation result to the mobile client. When the mobile client sends an update
request on the client application to the server, the gateway will handle those reguastd
communicate with the server in order to get the updated image; when the updated image is ready,

the gateway will notify the mobile client and send the image through the network.

i Do not need to install the visualisation application software on tludbibe client.

In comparison with the direct communication approach, the gateway design can save the mobile
Ot ASyiQa YSY2NE aLIl OS F2NJ NMzyyAy3d (GKS GAadz £ Az
renders the visualisation; the gateway transfeeguests and feedback while the mobile client is only

used as a display device.

The mobile client does not have large memory space to store and render the visualisation, and this
gateway approach allows the mobile client to access external resourcds,asute visualisation

system on the server, to render and store the image.

3.5 System Design

Figure3-4 shows how thevisualisation can be transferrdaetween server and mobile client based

upon the gateway design

The system is based on three major compadsesaver, gateway and mobile client

These components are briefly outlined as follows. Detailed explanations are given in section 3.6.
0  Server

It is responsible for data storageenderingand updating the rendered image.
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Network connection

Interact between

Process visualisation . . . e
server/client | Display visualisation

_ » Gateway <
(Middleware) — | —»

Server |

Mobile client

Figure3-4 System architecture

i Gateway

The gateway and server are installed the same computerThe gateway is designed to reduce
computing work at the mobile client end. All communication between server and mobile client will

be recorded and transfeed via the gateway.
U  Mobile client

It runsthe visualisationapplication to connect witlthe gateway.A visualisation will be displayed via
the application on the smart phone. The end user is able to use the smart phone to interact with the

visualisation.

3.6 System architecture

In our project, cliend SNIISNJ | NOKAGSOGdzZNE A& | R2LIGSR G2 2@SN
visualisation, i.e., limited memory storage, lower graphic performance. As described in the literature
review section, the cliersewver thin client mode uses a high end workstation as a server to store

data and perform rendering for the visualisation process while users at a different location can view

the visualisation result remotely via a network using a smart phone.
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Based on theriginal clientserver framework, we have developed our solution which has a gateway
between server and client to handle all the communication. The gateway is used to reduce the
complexity of the user interface and control what is sent to the cliEigue 3-5 represents the data

flow in the three major components:

Figure3-5 Flow chart of system design

LG AffdzAaGNI GSa O02YYdzyAOF A2y @/SH&Figmes5 efeSents SNIS
the mobile client visu&@ation (MCV) application that runs on a smart phohlke nhe steps of the

interaction will be described fully in the following sections.

3.6.1 Server
¢KS AaSNWSNI A& o0F&aSR 2y-ingel&. t@usediidbrf A al GA2y &a&adsS
i Data storage, including uphding raw data

U Processing data or update requesind generaing visualisatios

c:

Sending visualisati@to the client

u»
O«
~»

WKSY G(GKS ASNIWSN) aSyRa @AradztArialridizya G2 GK
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