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Executive Summary

This deliverable, entitledVisualization of 3D complex scenes on mobile dsVigeovides a
detailed description of all the building blocksttbanstitute the architecture of a mobile viewer,
which was developed in WP6 for enabling the vizagion of 3D complex MultiPedia objects
on mobile clients. In order to support the viswatian of complex geometries, it has been
chosen to demand the rendering task to remotersgjw®viders). Rendering providers are, in
general, machines with specialized graphics hamlvednle to render the scene in place of
mobile devices.

Computed scenes are then sent to the mobile diewvice (edge-peer) ad a flow of still

compressed images. The compression techniquesncharseoding images is the JPEG,; this
choice is mainly related to two different issuesad interactive visualization of 3D Multipedia

objects is desirable, thus video streams (for m&@aMPEG that introduces latency due to
buffering at the client side) are not applicable)REG allows to control the compression ratio,
thus affecting the quality of the frames and ther'aQuality of Experience (QoE).

A mobile viewer is able to receive and decode tbw Df images; on the other hand, a set of
commands can be sent back to the remote rendezimgrsin order to investigate the model
under analysis.

The proposed methodology is based on the concefRahote visualization" and allows to
obtain high interactivity (i.e., a high frame ratgso on "thin" mobile devices. Activities
described in this deliverable are strictly relabedh to the Quality of Experience management
framework D3.2 (briefly reviewed in this document the part concerning the visualization)
and the collaborative visualization session (deapblyzed in the deliverable D6.4).

Finally, a novel methodology is proposed to tadkkies arising from the integration within
VICTORY of "external programs" that could be usegtovide visualization and collaborative
services. The external program has to be in exatain a remote machine and a software has
to automatically analyze and parse the GUI of th@ieation. The software has to identify the
elements of the GUI (buttons, menus, working araad,so on) by producing a sort of XML
scheme that describes the application interfaces description can be loaded from a
VICTORY edge-peer (without limitation for mobile \dees) to rebuild a customized ad-hoc
GUI at the client side usable to remotely contnel &pplication. In this way, applications can be
integrated in VICTORY and they can be re-used withany modification from whatever
VICTORY edge-peer.
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1. Introduction

The visualization of 3D graphics on mobile devisesh as tabletPCs and above all PDAs
and smart phones is a challenging task. The teogiwall advances now allow to locally
render geometries of moderate complexity; in trasecthe object is downloaded on the
mobile device and a specialized hardware can supiher rendering process. Models
described in VRML format could be locally browseg imeans of applications like Pocket
Cortona and libraries such as OpenGL ES and J2Miw alsers to develop software for
visualization of 3D graphics on handheld devices.te other hand, real complex objects
cannot be managed by a local approach; both thal lendering hardware and storage
capability of any handheld devices available on ket are not sufficient to manage
objects described by millions textured polygongli&nt-server approach is therefore needed,;
in this context, remote rendering servers are ergd to manage and render 3D geometries
while mobile devices (edge-peers) "only" receivautes of computation.

The remote visualization approach used for VICTORYiot new, but for the first time this
strategy is integrated into a distributed systere ab provide a complete mechanism for:
searching, retrieving, and visualizing 3D objects.

Moreover, a novel software independent methodoldgy remote control in mobile
environments is presented. Two main constraint® leen considered: remote applications
cannot be modified and client side GUIs have tecusomizable based on user requirements.
The proposed solution is articulated as followsh® remote application GUI is automatically
analyzed and classified through image processidigntques. Il) A description is generated
using an extensible language derived from XML. liijerface description is reloaded on the
client side by a specific mobile application anidtla¢ graphics elements previously classified
(buttons, menus, check boxes, text fields, etm) lma placed by the user in a personalized
way. V) Any interaction with the client interfacill produce an interaction on the
corresponding graphics element in the remote agjdic interface. V) Finally, the work area
(or one or more portion(s) of it, depending on useeds) is managed as a flow of still
pictures delivered by the server to the mobilentlie

This solution presents two main advantages. Theoterapplication can be used as it is,
without any redesign or code rewriting effort. Ore tother hand, the GUI of the mobile
device can be customized to user taste in termsuofber, location, and organization of
graphics elements. In this way, the GUI can beleaslapted to different categories of

devices; for instance, since PDA displays are Wgleiger than those of smart phones, PDA
users will be allowed to set up their own interfaseng a larger number of graphics elements.

1.1 Deliverable Structure
The deliverable is organized as follows:
Chapter 2 briefly reviews the state of the art of 3D visuatian on mobile devices

In Chapter 2 the functional units and the communication protauedded to set up a
visualization session for complex 3D scene aregortesl.

Chapter 4 describes the mobile client viewer application.
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Chapter 5 describes the remote rendering provider application
In Chapter 6results on a mobile client emulator and on realadsvare illustrated.

Chapter 7 introduces the innovative methodology for remotpliaption control, that
allows users to integrate in VICTORY existing ertdrsoftware.

Finally, in Chapter 8, conclusions are drawn for this deliverable.

2. 3D visualization on mobile devices: state of the ar

Some solutions were proposed to locally render Biplgcs on mobile devices. For instance,
the PocketGL [5] is a 3D toolkit for PocketPC tlwainsists of a source code containing
numerous functions to manipulate a 3D display usB@PIl. Although PocketGL is not
identical to the popular OpenGL system for PC, dheme enough similarities to allow many
OpenGL tutorials to be used to assist in learniigre recently, two other technologies have
been proposed: OpenGL ES (OpenGL for Embedded @g3tand M3D for the J2ME.
OpenGL ES [6] is a low-level lightweight API foreahced embedded graphics using well-
defined subset profiles of OpenGL. It provides av-level applications programming
interface between software applications and hardwar software graphics engines.
Implementations of OpenGL ES include Vincent [7§l &hybrid’s Gerbera [8]. Another open-
source library similar to OpenGL is Klimt [9] (foerly known as SoftGL); Klimt is targeted
for hardware independence and is available for nranpile platforms. On the other hand,
M3D (Mobile 3D Graphics API) [10] for the J2ME (2 Platform, Micro Edition) specifies
a lightweight interactive 3D graphics API, whichissalongside J2ME and MIDP (Mobile
Information Device Profile) as an optional packaglee API is aimed to be flexible enough
for a wide range of applications including gamesmated messages, screen savers, custom
user interfaces, product visualization and so dre API is targeted at devices that typically
have very little processing power and memory andaaware support for 3D graphics or
floating point math. However, the API also scalpgaihigher-end devices featuring a color
display, a DSP, a floating point unit or even spkoed 3D graphics hardware.M3G(JSR 184)
[11] is built as a wrapper on top of the Hybrid @@¢ ES API implementation; M3G is a
J2ME optional package that allows moderate comile3D graphics to be rendered at
interactive frame rates on mobile devices. All sadutions mentioned above suffer from the
poor computational capabilities of the considerezlicks. In fact, hardly any of the
commercial PDAs and Tablet PCs available today manage a million polygon or voxel
dataset at interactive rates.

Among the alternative approaches, levels of detaiBD) and image-based rendering (IBR)
[12] solutions should be mentioned. LOD technigadew large models to be managed;
however, scene complexity is still very limited [13BR techniques are used in [14] to
enhance 3Dgraphics on mobile devices; IBR techsigag&e a set of input images (key
frames) and compute the in-between frames. Thegols how to place the camera in order
to avoid artefacts; for this reason, IBR providdsasible solution only for particular cases.

An interesting approach which can be adopted teceffely bypass the limitations mentioned
above is remote visualization. The idea of dividecggnputational and visualization tasks is
not new: A classification of existing techniques fendering 3D models in client-server
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environments can be found in [15]. In particulaijcBn Graphics, Inc. has developed a
commercial solution called Vizserver [16] that denused to provide application transparent
remote access to high-end graphics resources; wemedizserver enables application-
transparent collaborative visualization functioned for multiple simultaneous users. A
similar solution, called Deep Computing Visualipati[17], has been proposed by IBM.
Stegmaier et al. [18] take advantage of the tramsmechanisms part of the X Window
System and they use a PocketPC version of VNC deeraio remotely control an X-server.
This approach has two main advantages: it is agipdic-independent and it does not require
any changes in the interface; on the other hans,sthategy suffers from poor interactivity
when limited bandwidth channels are used and pedoce is not optimized since it is not
tailored for any specific application. VirtualGL qLis an improved version; rather than
composite the rendered pixels directly into an Xdwaw, it compresses them using a high-
performance JPEG codec and sends them to a lislaeenon running on the client machine;
in [20] different image compression schemes are alaluated. Engel et al. [21] proposed a
framework for interactive remote visualization weit in Java in order to provide a platform
independent tool. A similar solution tailored faw bandwidth as well as low resolution
devices has been presented by Beerman in [22]idAagchitecture based on Web Services is
used in [23] to allow thin mobile devices to digpliarge data sets; performance of this
solution is strongly related to the bandwidth aaalé to interconnect all rendering resources
of the grid. A different approach is used in [24jexe a remote server manages 3D models
extracting 2D feature line primitives that are sémtthe mobile device for rasterization.
Lamberti et al. [25] proposed a solution able te iardware accelerated remote clusters
where the computational task of an OpenGL appbeais split among graphics adapters
(GPUs) by means of the Chromium architecture. Toetribution of each GPU is then
reassembled and sent to the PDA client as a flilinsages. The solution proposed in [25]
has been improved and refined in [26], where atetusf PCs driven by the Chromium
software is used to produce an MPEG stream; atlibet side and an application capable of
decoding/displaying the received stream has beptemented.

3. Visualization of 3D models on mobile devices

In this Chapter, the functional units needed topsupa mobile 3D viewer application are
presented. The goal of the developed system istmlze and inspect 3D complex scenes on
mobile devices. Since the graphics resources dlaitan mobile peers are not able to render
complex 3D models, VICTORY mobile users can use gpecialized graphics hardware
provided by Rendering Server machines. A RendeBegver is in charge to load and
visualize 3D models in place of the mobile edgerpten only data representations of the
MultiPedia object, corresponding to the visual esgntation of the model, is sent to the peer.
The user can interact in the scene by sendingtratwslational commands, thus changing the
point of view of the rendered image as a mattdaci

Figure 1 shows the communication flow needed toupethe viewer application. Messages
are exchanged over the TCP/IP service.

A Graphics Resource Manager (GRM) runs at a knowermet domain name and TCP port.
The GRM unit is in charge to maintain an updataleeimg providers database and it can run
on super-peers. Upon starting, a Rendering Seegsters with a GRM, providing system

information. The GRM unit keeps this informationiis database until the Rendering Server
is available.
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Figure 1. Communication flow when a remote renderig service is required

A mobile user connects to a GRM unit in order tdagb information on the individual

rendering servers available at the moment. The GRM provides information on the IP
address for each rendering server node, as weheaport number on which the rendering
server is listening.

The mobile edge peer has the option to manualgcsa specific rendering server or to use
the automatic selection feature. The automaticctiele feature of the rendering providers
allows the load balancing of the graphics and neiwesources in use, as described in the
details in deliverable D3.2. The mobile edge pemmects to the selected rendering server
and establishes a direct connection over a wiretssmunication channel. During the
connection set up, the device resolution is compaiad to the rendering server in order to
customize and tailor the data flow that represtr@sMultiPedia object to be visualized.

The 3D model is uploaded and loaded on the renglex@mver, then a JPEG stream is sent
back to the mobile edge peer. As shown in Figuréh@, application running on remote
rendering servers is composed by the followingding blocks:

- an Event Scheduler

- a 3D Rendering Module
- a QoE Manager

- aJPEG Encoder

- a Streaming Module

The client can send to the rendering provider acsetommands and feedback messages
respectively useful to inspect the scene and tolement the Quality of Experience’s
mechanisms (more details in the deliverable D3 B¢ client viewer application, running on
mobile peers, is composed by the following buildigcks (see Figure 2):
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Figure 2. Overview of the mechanism for end-to-encemote application control

- an Input GUI

- an Event Generator

- a QoE Manager Module

- a Streaming Receiver Module
- aJPEG Decoder

- a Frame Buffer Viewer

The described approach involves the developmentsgfecialized server network for remote
visualization of heavyweight 3D content by low-powmobile devices so as:

enabling interactive visualizations of complex 3Ddals over mobile devices such as
smart phones, PDAs, and so on with poor computalti@sources;

providing interactive frame rates also for visualians over low bandwidth wireless
channels;

to ensure high quality ubiquitous 3D rendering.

The remote rendering server application and thentliapplication are described in the
following Chapters.

4. Client application

The mobile client application has been developedguthe Java 2 Platform Micro Edition, a
specification of a subset of the Java platform dimeproviding a certified collection of Java
APIs for the development of software for tiny, sinahd resource-constrained devices [1].

Target devices of the MIDlet mobile application areart phones and PDAs. Each building
block of the MIDlet mobile application is describedthe following subsections.

4.1 Input GUI

The Graphics User Interface is developed using Gt APIs included in the Mobile
Information Device Profile 2.0 (MIDP2.0), a subseft the Connected Limited Device
Configuration (CLDC) aimed at mobile devices [2].
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If the user prefers to manually specify the RemagBerver to be used, he/she has to select it
from a list retrieved from the GRM before startihg visualization session. The GUI allows
the user to choose to connect to a rendering peowth a “server browser”, a tool that
obtains and displays Rendering Servers informafs@mver name, IP address, geographical
location, hardware specs, number of connected ,usemsber of sessions, supported 3D file
formats, supported resolutions, and image encodiddler selecting an appropriate
Rendering Server, the user can run the viewer neoctuinecting to the selected server.

At this point, the GUI menu allows the user to:

request the token (a token protocol is necessasygport collaborative visualization
sessions) in order to be able to move the object;

move the object through roto-translational commaimusoduced by keypad or
selected from a menu;

set a series of options concerning the renderingem@.g. wireframe/solid view,
headlight on/off);

control the preferences and parameters affectingliQuof Experience during a
visualization session.

4.2 Event Generator

The Event Generator module is in charge to tramskdaentions of the user into commands to
be sent to the rendering server. This module takemput the choices of the user selected
from the GUI and produces the strings that reptsseommands. The commands are then
sent over a TCP socket to the Event Scheduler rmadahing on a rendering server.

The events that could be generated are:

a token request;

object rotation;

object translation;

zoom in/zoom out;

set wireframe mode;

set solid mode;

turn on/off headlight;

initialize a single visualization session;

publish a new collaborative visualization session;
join a collaborative visualization session.

4.3 QoE Manager

The QoE management framework (see deliverable Di8.2)esigned with the scope of
supporting an quality of experience; in particumnd important part of the QoE manager is
devoted to efficiently support visualization sesdior mobile devices.

The characteristics of the data stream (the flovstdf images JPEG coded) are adaptively
tuned depending on requirements specified by tlee arsd measurements carried out on the
"environment” (a generic term used to denote bla¢hunderlying (wireless) network and the
capability of the mobile device to decode the neseistream). In this way, the remote
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visualization protocol is enriched with a sort eéfiback-based encoding exploiting a periodic
information return from the decoder on the cliadedo adapt the encoder characteristics on
the server side.

In the considered remote visualization framework&presentations of 3D objects are
transmitted as a flow of compressed still imagéX¥E@). A more efficient band occupation
could be obtained by means of video streams sudiRESG; on the other hand, predictive
and bi-directional frames introduce latency in dbog and this cannot be accepted for
interactive applications. On the other hand, JPE@ing allows to precisely control image
quality and bandwidth occupation, thus providingeffitient "tool" for dynamically adapting
the data stream according user preferences anauvhitable bandwidth. The controllable
visualization parameters of the custom data flovolved are:

resolution;
image quality;
frame rate.

Each different combination of these parameterssi@addifferent bandwidth (network level)
and throughput (device capabilities) requiremeresolution is a function of image height
width, thus, doubling the resolution, the data rgtedruples. Image quality influences
compression ratio, and it represents a measuteedfame quality. Frame rate is a measure of
motion smoothness and fidelity.

Network performance may change significantly durengonnection. Thus, it is reasonable
that the above parameters will have to be changedrding to the available bandwidth. On
the other hand, even if the available bandwidtuigicient, a “thin” client device may not be

able to guarantee the visualization of a 3D scére @ven resolution, with a certain image
quality, and with a sufficient frame rate due te ftossibly significant image decoding time.
Thus, the measure of the throughput becomes eakentirder to inform the rendering server
about the client device capabilities. This inforimatis exploited by the proposed control
scheme as a channel feedback and it is transntiitebe rendering provider over a TCP
channel.

In the proposed approach, a user connected toetiverscan specify the importance of the
above parameters (which are related to each oftteen) a personal point of view, by sorting
them in order of importance. In this way, user @refices are taken into account. Depending
on the content, some rendered sequences may regpmeferential treatment of motion over
image details in order to maintain a high frames rathile other sequences could require
detailed frame rendering at the expense of motinaathness. The QoOE Manager is deeply
described in the deliverable D3.2.

4.4 JPEG Decoder

The mobile client receives a stream of bytes reg@sg the model to be visualized. The

received data format is later explained in Sechidn

The data flow sent to the client device is compdss order to provide interactive frame

rates also for visualizations over low bandwidthreldss channels. Once received a new
stream of bytes, the incoming buffer is processedrder to find the encapsulated JPEG
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image. The JPEG decoder used is the one suppartdd@ME MIDP2.0 with the method
createlmage()n the classmageof the packag@gvax.microedition.lcduj2].

Figure 3. An example of remote control on a Nokia B3 smart phone

4.5 Frame buffer viewer

Once decoded, a new image object is created amt$ lgphphical data. The image object is
placed in a displayable class called Canvas. Thedi image exists only in off-screen
memory so it is marked to be painted on the matidplay using theepaint() method of the
J2ME Canvas class. FiguBeshows an example of remote visualization runminga Nokia
N93 smart phone.

5. Remote Rendering Server application

The Remote Rendering server application has beeelaed in C++ language. The remote
application is able to:
accept a new connection from a mobile client device
retrieve a model to be visualized (most common B[@a format files are supported);
deliver to the client the frame buffer content coegsed as a JPEG image;
receive back from the client a set of commandsatogate the scene.

5.13D Rendering module
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The 3D Rendering module is based on OpenSG, ahper@en source scenegraph system to
create real-time graphics programs, e.g. for virtaality applications [4]. OpenSG is based
on a scenegraph metaphor on top of OpenGL.

Once accepted a new connection from a mobile ctienice, the rendering server receives
from the mobile client a stream of bytes represgntihe model to be visualized. The
rendering module is composed by a loader that s ttbload the most common 3D file

formats:

3DS
VRML97
OFF
OBJ
RAW
OSG
BIN

VRML97, 3DS, and OBJ are the most important formassnearly every 3D modeling
package can at least export one of them. BIN i€XpenSG native binary format and it loads
very fast. The loader is called after retrievingamodel.

The rendering application creates a window for eashialization session. Each window
belonging to a session contains multiple OpenGlwpts showing the same 3D model at
different resolutions using the same point of viéve. the same camera position and
orientation). In this way, it is possible to cusizenthe JPEG data flow using different
resolutions to be sent to the client accordingh® QOE metrics described in the deliverable
D3.2. Only graphics belonging to the viewport witie resolution specified by the QoE
manager running on the rendering server will bedusg the JPEG Encoder to create the
compressed images to be sent to the client viekxary connected mobile peer will receive a
personalized image stream, depending on the dliiewice characteristics (device resolution
and display performance) and network status.

The 3D rendering engine when started is also imgeh#o register to the GRM, so as to be
reachable when a client device wants to connect.

5.2 Event Scheduler

The Event Scheduler is in charge to listen for mm@gsage coming from the user and mapping
it into commands to be conveyed to the 3D Rendeapplication. This module takes as input
the strings representing commands received ovef @®/IP channel and translate them into
OpenSG/OpenGL functions. The events that coulddneigted are the same described in the
Event Generator module:

a token request;
object rotation;
object translation;
zoom in/zoom out;
set wireframe mode;
set solid mode;
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turn on/off headlight;

initialize a single visualization session;

publish a new collaborative visualization session;
join a collaborative visualization session.

5.3QoE Manager

The QoE Manager module running on the renderingeseside aims to customize the
parameters of the compressed stream of imagescstreg mobile peer. This module receives
from the mobile client feedback messages represgmeriodic throughput measures and
preferences expressed by the user about the egcpdmameters of the images stream. The
outputs of this module are the encoding paramétesslution and compression quality) used
by the JPEG Encoder in order to create the cusainiPEG stream. More details are
available in the Deliverable D3.2.

5.4 JPEG Encoder

The JPEG Encoder is in charge to prepare the casgudeimage to be sent to the mobile
viewer. This module takes as input the graphicth deeated by the graphic card through the
3D Rendering Application and the image encodingapesters computed from the QoE
Manager module (image resolution and compressiatityu Depending on the latter inputs,
the JPEG Encoder will select the right viewporthivit the frame buffer and create the
compressed image.

The JPEG Encoder uses methods provided by thébdistm of JPEGLIB, a stable and solid
release of the Independent JPEG Group’s free JBHEBase [3]. The raw data of the selected
frame buffer portion are compressed into randomesganemory in order to speed up
computations, then they are passed to the Streavhiuiyle.

5.5 Streaming Module

The Streaming Module is in charge to deliver urtisa®ams representing the compressed
frame buffer to be displayed on the mobile terminal

October 2008 14 POLITO



image stream HEADER JPEG_BUFFER HEADER JPEG_BUFFER

IMAGE_DATA_PACKET

Figure 4. Payload type for image streaming.

The stream is composed by packets containing thpssed graphic data. Figure 4 describe
the used payload type for the image stream. Thegensiream is composed by packets
representing consecutive rendered images at a gesolution and compression quality.
Every packet is composed by a header and a JPEferbiihe fixed length header is
composed by 16 bytes. The information carried gutble custom header are:

packet type ¢ 14)
image size (& S)
timestamp (& Ta)
sequence number ¢NNy)

The “packet type” field indicates how to interpneixt bytes. The “image size” field indicates
the size of the JPEG buffer that follows the curreaader. The “timestamp” field is a
temporal information about the delivery of the petckThe “sequence number” field is a
counter of consecutive frames.

6. Performance

In this Chapter, performed experimental resultthefimplemented remote rendering system
on the emulator console and on real devices argtiiflted.

The mobile viewer application has been developadguthe Netbeans IDE, that exploits a
plug-in named “Mobility Pack for CLDC” providing étools for creating Java Micro Edition
(Java ME) applications that support the Connecteohited Device Configuration
(CLDC)/Mobile Information Device Profile (MIDP) tbaologies. This add-on pack contains
the device emulator of the Sun Java Wireless ToBleveloper Edition.

Frame rate Frame rate
3D model name | Number of polygons without QOE manager| using QoE manager
Ford_N120208.wrl 188024 16 fps 20 fps
Toyota_ RAV4.wrl 33661 15 fps 29 fps

Table 1. Performance of the visualization module mning on the emulator.

The emulator run on a Dual-Core (1.66GHz) ASUSdpmtomputer with 1 GB of RAM, and
the MIDlet application was connected to the renugrserver through a wireless LAN

October 2008 15 POLITO



802.11g network. The rendering server was run paldic IP workstation with a Dual-Core
AMD Opteron 2.60 GHz processor, 3.50 GB of RAM ard NVIDIA Quadro FX 3500
graphics card. In our simulations, the spatial ltggm supported by the rendering server
included a set afir=12 resolutions, linearly incremented in the rafigen 224 x168 to 400 x
300:

224x168 240x180 256x192
272204 288x216 304x228
320x240 336x252 352x264
368x276 384x288 400x300

The compression quality for JPEG instead was alibiwevary in the range2100.

Table 1 present results obtained by using the rmien module on the emulator console.
Performance are evaluated in terms of achieveddnaen secondgs). The first column lists
the model files used to test the environment. Téeosd column shows the number of
polygons that constitute each 3D model; the numdfepolygons is an indication of the
complexity of the scene and it has an impact orpgr@rmance of the rendering engine. The
third column shows the achieved frame rate on thal&or console without using the QoE
Manager or, in alternative, by setting the maximrgsolution and maximum compression
quality as the encoding parameters of the MJPE®d=rc The maximum resolution was set
to 320x240 pixels and the maximum JPEG compresgiafity was obviously set to 100. The
last column shows the frame rate of the MJPEG figwusing the described QoE Manager. In
this case, a variable resolution-compression qufibtv of compressed images is sent to the
peer. Table 1 points out that using the proposeaitQwf Experience Manager it is possible
to enhance the visualization frame rate. The fiestted model (Ford_N120208.wrl) is
composed by 188024 polygons and reached a framegatal to 16 fps setting the maximum
resolution and maximum compression quality. The @Quthager is able to enhance the frame
rate to 20 fps. The second tested model (Toyota RAK) is much more simple since it is
composed only by 33661 polygons; the measured frateewithout the QoE Manager was
approximately the same of the first test case,esnesolution and compression quality were
set in the same way. On the other hand, enabled@ibE manager, the measured frame rate
grow up till 29 fps. The difference in respect te tfirst test case is due to the different
complexity of the model: indeed, in the first cdlse frame rate computed by the rendering
server was bound because of the high number ofjpab;

Figure 5 shows an example of a visualization sassimning on the emulator platform.
Figure 6 instead shows an example of a visualizaggssion running on the HTC TyTN I
device. The tested model filésord_N120208.wrland Toyota RAV4.wrlre shown in the
visualization sessions observable respectivelyigare 5 and Figure 6.
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Frame rate Frame rate
3D model name | Number of polygons without QOE manager| using QOE manager

Ford N120208.wrl 188024 3 fps 20 fps

Toyota RAV4.wrl 33661 3 fps 29 fps

Table 2. Performance of the visualization module mning on a HTC TyTN |l PDA.

Table 2 presents performance results obtainedrealalevice. The target device was an HTC
TyTN Il Kaiser, a Windows Mobile PDA equipped wi#gh400 MHz processor. Performance
are evaluated in terms of achieved frame per se(fped The viewer application running on
the Kaiser was connected to the rendering serveug a wireless LAN 802.11g network.
The first column lists the model files used to st environment. The second column shows
the number of polygons that constitute each 3D mdde third column shows the achieved
frame rate on the PDA device without using the QatEmaximum resolution and maximum
compression quality). The maximum sent resolutias set to the maximum resolution of the
target device, i.e. 320x240 pixels. The last colshaws the frame rate of the MIJPEG flow
by using the described QoE Manager. Tests on the device clearly shows that the
displayed frame rate can be improved by concuiyendducing image resolution and
compression quality using the QoE Manager. The fieest and the complexity of the 3D
models are the same used in tests described i Talbh this case, it is worth observing that
independently from the complexity of the 3D modbk achieved frame rate without using
the QOoE Manager is slower than the emulator cadelewerformance using the QoE
Manager are pretty the same. This behavior is duleet throughput limitations introduced by
the real device: even if the underlying networkowl to transmit a high number of
compressed images, the JPEG decoder at clientissidet able to decode all the received
frames at maximum resolution and maximum compressigality. This fact is taken into
account from the QoE Manager that tuning thesenpeters is able to improve performance
in terms of frame rate.

Figure6. An example of remote control on HT TyN Il PDA.
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Finally, we can make a meaningful comparison of pegformance between a remote
rendering system and a local rendering system. Mdds described in Table 1 and Table 2
were also tested in the local rendering viewer BoGortona [27] running on the HTC TyTN
Il PDA. Pocket Cortona is a 3D browser for viewMBML scenes on handheld devices. The
3D model file namedoyota_ RAV4.wrlvas displayed during roto-translational commartds a
a frame rate equal to 0.17, resulting in a totatiysable 3D viewer. Instead the 3D model file
namedFord_N120208.wrl was not displayed at all: the needed memory veaenough to
load the model.

7. Remote Application Control

Designing applications for mobile devices woulduieg to follow a specific strategy based
on a clear separation between GUI elements and ar@dk Once this separation is achieved,
optimization approaches can be adopted to tailgjou appearance and interaction
modalities to the specific device, possibly allogviior customization solutions. With the aim
of making all this possible and allowing for exigtidesktop applications to be deployed on
mobile devices, a novel client-server frameworkatd@ of extracting a textual description of
application interfaces to be later reloaded on heotbevices and enable remote control has
been developed [28]. The overall architecture @ashin Figure 7.

On the server side, a GUI parser module analyzesriterface of a selected application

running on the same machine by simulating mouseemewts and clicks, and it is capable of

identifying the image elements which belong to ginaphical lexicon that has been used to
build up the application itself. Each element igrthprocessed by a GUI classifier that
catalogues each element within a specific catefogy menus, buttons, check boxes, work
areas, etc.). The GUI classifier is also able szldse element relations with the surrounding
context. Thus, for instance, a particular elemant lze classified as a combo box item since it
is contained within an image that appears only wihendropdown arrow of the combo box

itself is pressed.

generate and transmit
GUI GUI events

.................. GUI
parser H controls

request
application

GUI
classifier

desktop
application

! Lesssssraesans mobile
poppnenemnes application

framebuffer

workarea(s)

GuUI
descriptor
send XUL
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[ broker [L1.00

Figure 7 Overview of the overall architecture wherehe roles of the GUI parser, classifier, descriptoand
broker modules are depicted

launch
application

read
framebuffer

send workarea updates

convert and insert events

When the classification step is complete, categoation, size, and container are known for
all the GUI elements. Then, a GUI descriptor modidaverts this information into a User
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Interface Description Language (UIDL) based filentadning the description of the whole
interface. On the client side, a mobile applicatman connect to a GUI broker module
running on the server side and request the access farticular application. The UIDL
description is sent to the client and the requesteglication is launched on the server
machine. The mobile application parses the desonidtle and presents to the user all the
composing elements which can be rearranged intostomized way, thus allowing for the
construction of a “personal” GUI for the originamotely running application. A specific
protocol allows for events generated by user icteza on the mobile device to be conveyed
to the remote server, where the GUI broker is iargh of converting them into suitable
mouse and keyboard events to be inserted intogheatng system event queue. Finally, the
GUI broker is responsible for extracting imagesrespnting work area updates from the
framebuffer and to transmit them to the mobile deyigiving the user the impression of a
local interaction. The behavior of the various mleduof the proposed architecture will be
analyzed in details in the following Subsections.

7.1 1dentification of GUI Elements

Analyzing the user interface with the aim of prodgca functional description to be reused in
application development it is not just an imagecpssing task. While discovering the

presence of a text area possibly colored with a@eMb@ackground or the existence of a radio
button group with the characterizing circular icaswell as identifying their bounding box

can be achieved by trivial edge detection and patteatching techniques, distinguishing

more complex elements like menus and combo boxasres to investigate in depth their

behavior with respect to user interaction. Moreoitas worth observing that one of the main
goals in designing the GUI parser module was teexeha certain degree of portability across
the various platforms, trying to develop an infrasture capable of working with different

operating systems with heterogeneous GUI “styles”.

Figure 8 The highlighting effect over (a) a buttorand (b) a menu of the MS Windows Calculator
application and (c)-(d) corresponding difference imges.

Taking into account the considerations above, meaut that one of the aspects that is
common to almost all the window-based operatingesys is the elements highlighting.
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When the mouse is moved over an element of thefame this element is highlighted, i.e. it
is drawn with a brighter color, or it is boundedwa colored box or it achieves a 3D aspect.
Independent of the specific highlighting techniqueed, this effect helps in driving user
attention to the selected element. But, even momgortant, thanks to this behavior, the
system signals the presence, as well as the prpos#on, of any user interface element.
Thus, this can be used to let the user interfamdf iparticipate in the element identification
(and classification) step, thus easing the jobhef GUI parser module. In fact, a click on a
highlighted box containing some text can possilggroa dropdown list, signifying that this
element is probably a menu. Thus, the basic idedleng the GUI parser to locate GUI
elements relies on obtaining from the framebuffex graphical representation of the user
interface before and after element highlightingc®these representations are available, it is
sufficient to compute the difference (i.e. the XOf&tween them to get the position of the
considered element. In fact, all the pixels of thsulting image are black, except those
corresponding to the element region, since thediffce represents the highlighting itself. A
simple algorithm capable of identifying the bounearof the non-black region in the image
gives the exact location and size of the highlighekement (Figure 8).

The algorithm above assumes that highlighted amdhighlighted representations of the user
interface for a specific element are available. Ewev, this would require a prior knowledge
of element position. Moreover, system should berucsed to take a snapshot of user
interface before and after mouse positioning okerdelected element. Since the aim was to
design an automatic tool for interface descriptithis algorithm had to be integrated into a
programmable logic capable of producing highlighgtwhen needed. This was achieved
through an ad-hoc algorithm that interacts withriave event queue of the operating system
and mimics the generation of mouse movement andsenalick events through specific
system calls. The overall algorithms can be splitwo phases. In the first phase, "basic"
elements of the interface are identified, includimgitons, check boxes, text fields, radio
buttons, sliders, etc. In this phase, mouse is ‘@dbwsing discrete steps from the upper left
corner to the bottom right corner of the

interface over imaginary horizontal lines; diffecenimages are computed and graphics
elements location and size are identified. Resufltthis processing step for the Microsoft
Windows Calculator and for a portion of Blender 8iddeler tool (http://blender.org) GUI
are illustrated in Figure 9.a and Figure 10, respely.

Figure 9 Results obtained by (a) the GUI parser an¢b) the GUI classifier modules over the interfacef
the MS Windows Calculator application. In (b), work area has been manually selected by the user.
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Figure 10 Results of the identification step over gortion of the Blender 3D modeler application GUI.

Some of the element identified in the first phasenely menus and combo boxes, undergo a
second processing step. This step is needed teatigridentify menu and combo box items
which are not displayed until the mouse is pressezt the menu or over the characteristic
arrow icon of the combo box itself. In this cadee togic moves the mouse over the various
elements and simulates mouse click simultaneousbjleating their highlighted
representation.

An ad-hoc algorithm is able to process the diffeeeimage (that in this case could contain
disturbing details like the status bar, that caangfe depending on the selected item) and to
retrieve the required information, including submegnicons and hot keys. It is worth
observing that, in order to speed up the processral wizards have been created to let the
user specify those regions of the interface whialehto be analyzed. An additional use for
this feature is the selection of the applicationrkvarea, defined as the region of the
application where the effect of user interface rpalation are displayed. For example, in a
common WYSWYG (What You See Is What You Get) wordcgssing application like
Microsoft Word, the work area is represented bywhée page the user writes in, while in a
3D modeler tool, work area will be probably reprasd by the various model views (i.e. top,
front, side, and camera). Even if the GUI parsedut® could be possibly enriched with
specific rules for identifying also these regiottss was not the goal of the present work.
Thus, this aspect was left aside for the momentvé¥er, since the final aim is to make
existing applications accessible on mobile devighsre work space is extremely precious, it
is probably better to leave the user choosing Wkathe is really interested in (after all, this is
the same customization approach used with the etharents of the graphics interface).

7.2 Classification of GUI Elements

Once for all the elements in the interface, locatémd size of their bounding box has been
identified, a GUI classifier module is asked toigs®ach element to a specific category to be
later described using a UIDL language. Given theeta of styles and the existence of non
standard graphics building blocks within the exigtGUIs, designing a general algorithm for
classification using traditional pattern recogmtitechniques is an extremely hard task.

October 2008 22 POLITO



Moreover, this job is made even more complicatedmgge resolution and contrast which in
some cases could be very low.

Thus, two ad-hoc algorithms have been developeddtiress this problem in the specific
scenario under consideration. The first algoritsnused to segment the image representing a
GUI element into its constituting sub-blocks. Theage is analyzed from left to right, and
information concerning the width and content ofreaab-block is extracted and stored for
later use. Text eventually discovered within thengnt bounding box is recognized using
OCR techniques. The second algorithm works on tements sub-blocks identified in the
previous step and exploits several pattern matchaapniques (specific for each GUI
element) to check for the presence of characteyighrapes and attributes and finally assigns
the element to a determined category. The maimpetexs which control algorithm behavior
include the number sub-blocks, the existence afigcthe distance between sub-blocks, the
presence of characterizing shapes (i.e. arrows)tl@chumber of text characters. Results
obtained on the Microsoft Windows Calculator apgiicn are reported in Figure 9.b.

It is worth remarking that, while the GUI elemedémtification phase has been designed to be
as general as possible in order to adapt to vausasinterface styles, the pattern recognition
based techniques above are aimed at demonstragnigasibility of the overall architecture
and do not claim to be comprehensive at all. N&edess, even if more accurate (and maybe
more general) solutions capable of classifying ewere sophisticated elements can be
possibly found for this step, in the following iillbe shown how the quality of the results
achieved with the current method could alreadyvalfor reusing really complex existing
applications on mobile devices.

7.3 GUI Description

Once the graphics elements of the GUI have beentifigel and classified, a reusable
description of the interface is generated by thel @&kcriptor module using one of the
existing UIDL languages. To accomplish this stdpe XUL (eXtensible User Interface
Language) is used. With XUL, the programmer spesifivhat it has to be included in the
interface, and not how it has to be displayed. Thamplication look & feel is clearly
separated from the application control logic beiisgd. The interface is described through a
predefined set of structured basic elements cheiaetl by a predefined set of attributes
which can be extended by the user. Basic elememde nested in order to create complex
controls which can be found in existing GUIs. MafJL elements allow to describe
windows, buttons, menus,

combo boxes, scroll bars, checkboxes, radio buttersfields, labels and images.

Figure 11 Tree-based representation of the XUL vodaulary (enriched with elements for remote
application control, remote visualization, etc.).

In Figure 11, XUL elements hierarchy is illustihtdt is worth observing that, despite of its
expressiveness, the XUL language is not able tovalgtrecord information concerning
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aspects not related to GUI construction, but ratbeemote visualization and control. Thus,
there not exists any XUL tag specifically desigf@ddescribing the work area or the address
of the server running the GUI broker to be conthdtm accessing the remote application
which are essential for the proposed architectMi@eover, XUL does not provide specific
tags for exactly describing all the elements usedchodern interfaces. Thus, XUL language
has been extended and novel elements have been &oldevercome these limitations.
Specifically, a tag named server has been includedcord the connection parameters to be
used for configuring the remote control sessionrédeer, two new “graphics” tags have
been defined, namely workarea and slider. Finaltyadditional attribute has been inserted in
the button tag to distinguish between normal btamd push buttons.

7.4 GUI Generation and Remote Interaction on Mobile Deices

The description generated by the GUI descriptoruted saved into a XUL file, that can be
accessed by remote users when they need to ustablpwersion of a desktop application on
their mobile device. When the user connects tad¢heote system, the GUI broker sends it a
list of the applications installed on the serverchiae. The user selects an application and the
GUI broker transmits the associated XUL descript{tihe system can be configured to
activate the GUI identification, classification addscription tasks if the description is not
available). The mobile application presents touker a box containing the set of elements
available for GUI construction using a hierarchiaktview that keeps track of the native GUI
structure (Figure 12a). The user can customiz&W$ using drag & drop between this tree
and an underlying one, where the elements to lmegla the interface are displayed.

Elements can be arranged into tab panels, menusaateixt menus (which appear when the
stylus is kept pressed over the touch screen ¥drile). Within a tab panel, elements can be
reorganized as needed, even radically changingrigmal appearance of the interface. Thus,
elements originally organized through a menu canpbsitioned into a list box, while
elements constituting a menu in the remote appicaBUl can be displayed using a combo
box. This allows to find a more comfortable orgamian for GUI elements allowing for an
optimized application control even on platformsrelatéerized by limited input devices. Some
of the GUI elements extracted from XUL descriptminBlender interface have been placed
into a tab panel and shown in Figure 12.b. The upp# of the tab panel hosts the work area.
Below the work area, some of the Blender buttongeHhaeen positioned, together with a
slider. It is worth observing that new GUI elemehts/e been created starting from basic
building blocks like panels and images. This alldwWer the mobile application to recreate
exactly the content of the XUL description. Frongde 12.b it could be noticed also how
original menus have been recreated starting froenitiiormation extracted by the OCR
software.
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Figure 12 Snapshots of the PocketPC remote contralpplication deployed on a Dell Axim x50v PDA
device).

Other GUI elements which could be of interest for laypothetic user of this mobile
application are depicted in Figure 12.c. Here ih d& observed how, based on user
preferences, original combo boxes have been triadsiato list boxes since these allow to
display both original icon and text. By using a ®xh menu, each GUI element can be
hidden, resized, and moved both within the curtaimtpanel and to another one. This allows
the user to achieve a precise control on any aspkted to the final appearance and behavior
of his own interface.

When the user manipulates GUI controls (i.e. bysgirgy buttons, selecting menu items,
activating check boxes, etc.) or interacts with W@k area moving and tapping the PDA
stylus or using the phone keyboard, corresponduamts are transmitted to the GUI broker
module running on the remote machine. Based orkibg/ledge of element location in the
original GUI, the GUI broker converts received imf@tion into suitable mouse and keyboard
events which are inserted into the operating systeant queue. When processed by the
system, these events affect the appearance ofdheasea. Thus, the GUI broker extracts the
updated representation of the work area from thenébuffer and sends it to the mobile
application where it is redrawn on the device digplAt the present time, work area updates
are encoded as JPEG images. Nevertheless, thigiegcsirategy can be replaced with any
other solution commonly used in remote visualizatarchitectures without significantly
altering the overall philosophy of the proposed rapph, but possibly achieving higher
update frame rates and lower latencies.
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8. Conclusions

After inspecting the state of the art in visuali@gaton mobile devices, the building blocks of
the applications belonging to the visualizationcofnplex scenes on mobile devices within
Victory are described in this Deliverable. In peutar, the visualization of complex scenes is
supported by a remote rendering system able topadeeoming connections from mobile
clients, compute the scene graph on behalf of thbile peer and send back a stream of
compressed images representing the 3D visualizeatan

A Quality of Experience Manager able to improvef@enance in terms of frame rate taking

into account devices limitations is exploited ire thrchitecture of the remote rendering
system. Test results and performance describeedtidh 6 outline the benefit introduced by

this module. More details on that are in the defibse D3.2. The described remote rendering
system allows to inspect also 3D models otherwiddatally manageable.

A novel methodology for extending the set of apgiimns available on mobile devices is

presented in this deliverable. A description oémotely running application is automatically

extracted and then reloaded on a (mobile) clientcéewhere a personalized version of the
original GUI can be recreated. By exploiting remetsualization techniques, user events
generated at the client site are processed oretiersside and their effect is reversed on the
mobile device, thus achieving local-like interaatio

With respect to similar techniques, this solutiomvides two main advantages. Remote
applications do not need to be modified. In facaphics elements of the GUI at the client site
(buttons, menus, sliders, etc.) are directly “cated’ to the corresponding objects at the
remote site. Moreover, the GUI on the mobile dewdgee be customized to user taste, thus
fulfilling most of the guidelines for (handheld) bite device interfaces design.
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