SPIDERGL: A GRAPHICS LIBRARY FOR 3D WEB APPLICATION S

M. Di Benedetto, M. Corsini, R. Scopigno

Visual Computing Lab, ISTI - CNR

KEY WORDS: Web Applications, Web Graphics, WebGL, Virtual Muses, Real-Time Graphics, Rich Multimedia Content

ABSTRACT:

The recent introduction of the WebGL API for levgireg the power of 3D graphics accelerators withieBAbrowsers opens the
possibility to develop advanced graphics applicatiovithout the need for an ad-hoc plug-in. Theee sveral contexts in which
this new technology can be exploited to enhance esgerience and data fruition, like e-commerceliagfions, games and, in
particular, Cultural Heritage. In fact, it is nowgsible to use the Web platform to present a virteabnstruction hypothesis of
ancient pasts, to show detailed 3D models of aritefaf interests to a wide public, and to creattial museums.

We introduce SpiderGL, a JavaScript library for @eping 3D graphics Web applications. SpiderGL fes data structures and
algorithms to ease the use of WebGL, to define miadipulate shapes, to import 3D models in variamrséts, and to handle
asynchronous data loading. We show the potentitlisfnovel library with a number of demo applicas and give details about its

future uses in the context of Cultural Heritage egpions.

1. INTRODUCTION
1.1 Computer Graphics and the World Wide Web

The delivery of 3D content via the Web platfornrtgd to be a
topic of interest since the graphics hardware ahmodity
personal computers became enough powerful to hamaite
trivial 3D scenes in real-time. Many attempts hbeen done to
allow the user of standard Web documents to diremticess
and interact with three-dimensional objects or, engenerally,

specification impose a series of restrictions tongly with a
more strict security policy.

Although this scripting language cannot be consideas
performing as a compiled one like C++, the tendenty
delegating the most time-consuming parts of a C@rdlgn to
the graphics hardware helps mitigating the perforceayap.

1.2 Leveraging the new Web Technologies

Thanks to the combination of hardware and software

complex environments from within the Web browser.capabilities and performances, coupled with a figked data

Historically,
components in the form of proprietary and often -porntable
browser plug-ins. The lack of a standardized ARd diot

allowed Web and Computer Graphics (CG) developerglio
on a solid and widespread platform, thus losing dotual
benefits that these technologies could provide.

In the same period of time in which GPUs showeméndous
increase in performances and capabilities, theutiool of the
technology behind Web browsers allowed interprédeduages
such as JavaScript to perform quite efficiently general
purpose computations, thanks to novel just-in-tifd#T)

compilers. Thus, on one side, the hardware andwaodt
components have reached a level
performances which could fit the requirements fighkquality
and interactive rendering of 3D content to be \iged, on the
other the increase of bandwidth for accessing thermet
allowed large volumes of data to be transferreddvade in a
relatively short amount of time.

In this scenario, the need for a standardized ceenmraphics
API became a high-priority problem to be solvedfact, in late
2009,

these solutions were based on softwar channel, it is nowadays possible to effectively amatively

handle real-time 3D graphics within Web pages. dntipular,
by exploiting the asynchronous features provided thg
runtime environment of the Web browser, it is polsito
manage large datasets in a natural out-of-coreidiasiThe
creation of fast and reliable visualization alduomis that allow
the user to explore huge environments (like Googéeth
(Google Inc., 2010) and Bing Maps (Microsoft Corpimnat
2010)) implies that multiresolution algorithms shbube
developed with network streaming in mind, both émms of
caching mechanisms and the actual representatioa ddta
packet. Alongside, it is easy to see how the nevb®e3D

of efficiency andechnology will bring closer web developers, whiate more

and more interested in learning 3D graphics and &@ldpers,
which will try to deploy their algorithms to lessoywerful
platforms.

The question is now what still separates a comp@led from a
JavaScript application with respect to CG algorithrine
obvious answer is execution speed, but there der gfaps to

the Khronos Group (KHRONOS GROUP, 2009)pe filled:
officialised a new standard, WebGL (KHRONOS-WEBGL, - Asynchronous content loading: many CG algorithms

2009), which aims at harnessing the power of g@phi especially when dealing with multiresolution datasemake

hardware directly within Web pages through a JaxipSc

interface. WebGL is an API specification designedclosely

intensive use of multithreading for asynchronousa(d)loading
of textures or geometry data from different cachesls. This is

match the OpenGL|ES 2.0 specifications (KHRONOS-necessary to avoid the application to freeze whiéing for a

OPENGLES, 2009), with some maodifications which méke
API more close in look-and-feel to a JavaScriptadeper. On

the other side, as web pages which use WebGL aeyfr

accessible from every potential Web client,

texture to be loaded from RAM, disk or even a reniat@base
to GPU. On the other hand JavaScript still doesafiitially
support multithreaded execution.

the new



- Shape data loading from file:there are many file formats for
3D models and as many C++ libraries to load themALCG
Project, Visual Computing Lab, RTWH). JavaScript ings a
series of predefined types of objects for which thendard
language bindings expose native loading facilities. the
Image object), but such bindings for 3D models hget to
come.

- Math: linear algebra algorithms for 3D points and vestare
very common tools for the CG developer, and a lageof
dedicated libraries exists for C++ and other langsag
Although many JavaScript demos for mathematicabritiyms
can be found just browsing the Web, a structurbkrchty with
the specific set of operations used in CG is stiflsing.

- WebGL wrapping: the WebGL specification is very similar
to OpenGLI|ES 2.0, which means that there are $ignif
changes with respect to OpenGL are, for exampleethee no
matrix or attribute stacks and there is momediate mode
Although these choices comply with the bare-bortegophy
of OpenGL|ES 2.0, they also imply incompatibilityea with
OpenGL 3.0, which, for example, still provides matstack
operations.

In this paper we preseBpiderGL a JavaScript library designed
to fill these gaps: it extends JavaScript by ingligdgeometric
data structures and algorithms and wraps theiramphtation
towards WebGL. In particular, SpiderGL was desigkeeping
in mind three fundamental qualities:

- Efficiency: with JavaScript and WebGL, efficiency is not only
a matter of asymptotic bounds on the algorithms the ability
to find the most efficient mechanism to implemédot,example,
asynchronous loading or parameters passing to tiagles
programs, without burdening the CPU with respeca toare
bone implementation;

- Simplicity and Short Learning Time: users should be able to
reuse as much as possible of their former knowlealgehe
subject and take advantage of the library quiclgr this
reason SpiderGL carefully avoids over-abstractamost all of

rendering in the Web browser it is required theaithation of a
platform specific plug-in.

Java Appletsare probably the most practiced method to add
custom software components, not necessarily 3Da iWeb
browser. The philosophy of Java applets is thatiRé to the
applet and its data are put in the HTML page aed #xecuted
by a third part component, the Java Virtual Mach{geM).
The implementation of the JVM on all the operatsygtems
made Java applets ubiquitous and the introductidninaling to
OpenGL such as JOGL (JOGL) added control on the 3D
graphics hardware.

A similar idea lies behind the ActiveX (ACTIVEX) teoology,
developed by Microsoft since 1996. Unlike Java Apgl
ActiveX controls are not byte code but dynamic d&dk
Windows libraries which share the same memory spacthe
calling process (i.e. the browser), and so theyrareh faster to
execute.

These technologies allow incorporating 3D grapliicga Web
page but they all do it by handling a special eletnod the page
itself with a third party component. More recentigpogle
started the development of a 3D graphics engineeda®3D
(Google Labs, 2009). O3D is also deployed as a-piufpr
browsers, but instead of a black-box, non prograbohena
control, it integrates into the browser itself, ending its
JavaScript with 3D graphics capabilities relyingthoon
OpenGL and DirectX. O3D is scene-graph-based apgliss
utilities for loading 3D scenes in several commoniyed
formats.

2.2 WebGL Libraries

WebGL (KHRONOS-WEBGL, 2009) is an API specification
produced by the Khronos Group (KHRONOS GROUP, 2009)
and, as the name suggests, defines the JavaScaiotgaus of
the OpenGL API for C++. WebGL closely matches OpejESL
2.0 and, most important, uses GLSL as the langtagehader
programs, which means that the shader core of emtist

the function names in SpiderGL have a one to ondéPpPplications can be reused for their JavaScript@lebersion.

correspondence with either OpenGL or GLU commaredg. (
the SpiderGL function sglLookAt for setting up ttemera pose
matrix), or with geometric/mathematics entities g(e.
SglSphere3, SgIMeshJSs).

- Flexibility: SpiderGL does not try to hide native WebGL
functions; instead it provides higher level funotidities that
fulfil the most common needs of the CG developem wan use
SpiderGL and WebGL calls almost seamlessly.

2. RELATED WORK
2.1 3D Graphics and the Web

The delivery of 3D content through the WWW comeshva
considerable delay with respect to other digitadimesuch as
text, still images, videos and sound. Just likeaiteady
happened for commodity platforms, 3D Computer Grephis
the latest of the abilities acquired by the Webwsers. The
main reason for this delay is likely the higheruiegments for
3D graphics in terms of computational power. In fibléowing
we summarize the technologies that have been desetlover
the years.

The Virtual Reality Modeling LanguagéVRML) (Ragget,
1995) (then superseded BBD (Brutzmann and Daly, 2007))
was proposed as a text based format for speci§ihgcenes in
terms of geometry and material properties, while fbe

Since WebGL is a specification, it is up to the webwsers
developer to implement it. At the time of this \wrg it is
supported in the most used web browsers (Firefoxpidg,
Safari), and a number of JavaScript libraries aeind
developed to provide higher level functionalitiesdreate 3D
graphics applications.

For example WebGLU (Benjamin DelLillo, 2009) provides
wrappings for placing the camera in the scene orcfeating
simple geometric primitives, other libraries sushGLGE (Paul
Brunt, 2010) or SceneJS (Lindsay Kay, 2009) usesGldor
implementing a scene graph based rendering andatinim
engines.

3. THE SPIDERGL GRAPHICS LIBRARY

Most of the current JavaScript graphics librarieplement the
scene graph paradigm. Although scene graphs cauratigt
represent the idea of a “scene”, they also foreeusfer to resort
to complex schemes whenever more control over xeeution
flow is needed. There are several situations inckwhixed
functionalities implemented by scene graph nodemaabe
easily combined to accomplish the desired outpbt,st
requiring the developer to alter the standard bielhaytypically
by deriving native classes and overriding theirhods or, in
some cases, by implementing new node types. Iretbases, a
procedural paradigm often represents a more pedatiwice.
Also, scene graphs contain a large codebase tacawer the



limitations of strongly typed imperative programigin
languages, which is no more required in dynamiglages
such as JavaScript.
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Figure 1. SpiderGL Library Architecture.

3.1 Library Architecture

SpiderGL is composed of the following five modules,
distinguished by different colours in Figure 1:

- MATH: Math and Geometry utilities. Linear algebra olgect
and functions, as well as geometric entities reprethe base
tools for a CG programmer.

- GL: Access to WebGL functionalities. The GL module
contains a low-level layer, managing low-level dataictures
with no associated logic, and a high-level layenmposed of
wrapperobjects, plus a series of orthogonal facilities.

- MESH: 3D model definition and rendering. This module
provides the implementation of a polygonal mesHN®gghJS),

to allow the user to build and edit 3D models, @admage on
the GPU side (SglMeshGL). SpiderGL handles the tcoason

of a SgiIMeshGL object from a SgiMeshJS.

in web documents, it was clear that a sort of megtlution
approach should have to be implemented to compefisathe
transmission lags, giving the user a quick feedbackn if at a
lower resolution (i.e. progressive JPEG and PN@®}Jloing
this principle, geometrit.evel-Of-Detail(LOD) techniques are
used to implement a hierarchical description of haee-
dimensional scene, where coarse resolution datied in the
highest nodes of a tree-like structure while fudlsalution
representation is available at the leaf level. &seethe use of
hierarchical multiresolution datasets, SpiderGL vjites a
special class, SglFrustum, which contains a seafawethods
for speeding up the visibility culling process gmdjected error
calculation for hierarchical bounding volumes hiehées.

Matrix Stack

Users of pre-programmabldixgd pipeling graphics libraries
relied on the so callelansformation matrix stack®r a logical
separation among the projection, viewing and maotgll
transformations, and for a natural implementatiof o
hierarchical relationships in composite objectotgh matrix
composition.

Even if this has proven a widely used patternpitanger exists
since version 2.0 of OpenGL|ES (it was claimed that
introduction in the specifications would have vielh the
principle of a bare-bones API). We thought thas timportant
component was indeed essential in 3D graphics, &0 w
introduced the SglMatrixStack class, which keepskrof a
stack of 4x4 transformation matrices with the same
functionalities of the OpenGL matrix stack. Moregvéhe
SglTransformStack comprises three matrix stacksjé€ption,
viewing and modelling) and represents the whole
transformation chain, offering utility methods tangpute
viewer position, viewing direction, viewport prof@an of
model coordinates to screen coordinates and themsitic
unprojection. Note that, for practicality of usee wecided to
have the modelling and viewing transformation s$ack
separated, contrarily to the single Open@hadelViewstack.

3.2 Managing 3D Meshes

- ASYNC: Asynchronous Content Loading. Request objectsgne of the fundamental parts of a graphics lib@ogsists of

priority queues and transfer notifiers help thegoammer to
implement the asynchronous loading of data.

- Ul: User Interface. A GLUT-like framework and a sergds
typical 3D manipulators allows a quick and easypaif the
web page with 3D viewports and provide effectivenagement
of user input.

By combining the core functionalites of each module
SpiderGL offers a series of practical and efficisotutions to
implement the most common graphics tasks, describhatie
following.

Space-Related Structures and Algorithms

An important part at the foundation of a 3D graphiibrary
comprises standard geometric objects, as well asesgelated
algorithms. SpiderGL offers a series of classegessmting
such kind of objects, like rays for intersectiostiteg, infinite
planes, spheres and axis aligned boxes, coupldd distance
calculation and intersection tests routines.

Hierarchical Frustum Culling

When operating over a network, it is reasonablassume that
the content retrieval has a consistent impact an dherall

performance. Since multimedia context began to idelwused

data structures for the definition of 3D objectsegimes) and
their rendering. As in many libraries for polygonakeshes,
SpiderGL encodes a mesh as a set of vertices anuectivity
information. Following the philosophy of WebGL, artex can
be seen as a bundle of data, storing several Kirgliantities
such as geometric (position, surface normal), aptimaterial
albedo, specularity) or everustomattributes. The connectivity
describes how these vertices should be connectetbrin
geometric primitives, such as line segments ongjlies.

As the representation of meshes is tightly relatedtheir
intended use, SpiderGL supplies two different datactures:
the first one, SgIMeshJS, residescifent scopei.e. in system
memory, where it can be freely accessed and mddifighin
the user script; the other is SgIMeshGL, whicthis image of a
mesh in the GPU memory under the form of WebGLexeand
index buffer objects. Crucial for memory and exemuti
efficiency is how the vertex set and the connefstiviformation
is laid out; in the following paragraphs we will steibe our
solution, mainly dictated by the JavaScript languamd the
WebGL execution model.

Vertices Memory Layout
There are two main data layouts which can be ueestdre
vertex dataarray-of-structsor struct-of-arrays



In the first case, a vertex is represented as @@cibbontaining
all the needed attributes: the vertex storage tlonsists of an
array of such vertex objects. In the second caseareay is

created for each vertex attribute: in this caseviiréex storage
is a single object whose fields are arrays oflaitds, where a
vertex object is extracted by selecting correspogdintry in

each array.

SpiderGL adopts the struct-of-arrays layout for tremsons:
first, JavaScript runtime performs more efficientlyhen

working with homogeneous arrays of numbers rathemt
arrays of generic object references; second, adding

removing attributes is easily accomplished. Innailsr way, the

GPU-side mesh (SgIMeshGL) stores its vertices with
dedicatedsertex buffer objeatVBO) for each attribute.

Connectivity Memory Layout

The connectivity can be implicitly derived from tleder in
which vertices are stored or, more frequently, iekpt
described with a set of vertex indices. In Spideitdk possible
to represent both of them with, respectivelyray primitive or
indexed primitive streams

A SpiderGL mesh may contain more than one primisitream;
for example it may contain a primitive stream fbe triangles
and one for the edges in order to render the objegtfilled or
wireframe mode; the main reason behind this chdscéhat
OpenGL|ES 2.0 (and thus WebGL) specifications doest
contain any routine to select the mode in which reu
geometric primitives should be rasterized. For gdamsuch a
routine (known in desktop OpenGL as glPolygonMoce)ld
be able to setup the rasterizer in order to drawtjue edges of
a triangle primitive.

Overcoming WebGL Limitations

When using indexed primitives in WebGL, the natiyge for
the elements in the index array can be either ar8& 16-bit
unsigned integer; thus, the maximum addressablewdras
index 65536. SpiderGL automatically overcomes linigation
by splitting the original mesh into smaller sub-gines. In order
not to burden the user with special cases whenesting an
SgIMeshJS to its renderable representation, wedntred the
packed-indexed primitive streanfor SglMeshGL, which
transparently keeps track of sub-meshes bounds outith
introducing additional vertex or index buffers.

Rendering

In WebGL the rendering process involves the useshafder
programs, vertex buffers and, often, index bufferd textures.
Central to the graphics pipeline is the conceptindibg points,
that is, named input sites to which resources teeteed and
from which pipeline stages fetch data. To easectiection
between mesh attributes and shader attributestogmebvide an
efficient rendering process, SpiderGL provides
SglMeshGLRenderer class. It ensures that the miniemmount
of work is demanded to the WebGL implementation,ilevh
exhibiting a simple interface even for complex task

4. USING SPIDERGL

At the time of writing, the WebGL specification iis its final
draft version and it is implemented in the experitakversion
of major web browsers. We successfully tested iuarty with
the latest builds of the most common web browserseveral
desktop systems.

The results presented here have been run on thenChmoweb
browser on a Windows Vista system with Intel i7 92

the

processor, 3 GB RAM, 500 GB Hard Drive and an NVIDIA
GT260 graphics board with screen vertical synclaation
disabled. The collected results should be analyisd
considering that a minimal HTML/JS page that orlacs the
color buffer reaches the limit of exactly 250 franper seconds;
we suspect that some kind of temporal quantizatiocurs in
the browser event loop.

4.1 Standard CG Algorithms and Data Issues

As noted in Section 2.2, WebGL can be considereal @se-to-
one mapping of OpenGL|ES 2.0 functions to a JavptS&P!I:
this means that not all the functionality in evest-go-recent
versions of standard OpenGL is available to theslibgper.

Shadow Mapping: the first example consists of rendering
100K triangles mesh of a 3D-scanned artefact, uslhgng
lighting model and a 1024x1024 shadow map (seer€&ig,

which can be done at full framerate (250 FPSgaitt be noted
how the use of projected shadows, as well as batl@vs, can
greatly enhance the perception of spatial relalijpss both at
the scene level (among different objects) and afbthject level
(model features).

Figure 2. Shadow mapping algorithm enhances space
perception. Here it is shown a 100K triangles nwstained
from a 3D scan of a real artefact.

Large Meshes: when dealing with virtual replicas of real
objects, among the most valuable attributes ofréstefor the
Cultural Heritage is the ability to be as close assible to the
real measurements. That is, a large amount of ¢eicndata is
needed to represent the virtual 3D object. Frompbiat of
view of a WebGL visualization application, thisrtsdates in the
need for handling an amount of vertices that isbieyond the
system capabilities.

To highlight the capabilities of thpacked-indexed primitive
stream (see Section 3.2), Figure 3 shows a 3D scan of
Michelangelo's David statue composed of 1M triasgle

Caching: the general data flow and cache hierarchy used in

compiled remote applications (remote online repogijtdisk,

system RAM and video RAM) cannot be explicitly

implemented in web application due to limitationgobsed by

the restrictive permissions policy adopted for siggueasons

by web browsers; for example, it is not possibleteate and
gWrite files in the local file system. This meanattive can not



explicitly implement the disk cache stage. In tgakven if we 4.2 Large Datasets on the Web

will not have explicit control over disk usage arathe eviction

policy, by using standard Image and XmlHttpRequégeais The large availability of geometric and color dats, well as
we will automatically take advantage of the cachinghetwork connections able to transfer up to sevesgabytes of
mechanisms implemented by the browser itself. b, favery  data per second, impose a rendering library to ésgded to
standard web browser caches recently transferréal idathe =~ maximize the performances in those areas whichygpieal of

local file system (and even system RAM), thus traneptly =~ Mmultiresolution rendering algorithms. The need far
providing a disk cache stage. multiresolution approach comes into play whenevenvant to

show datasets that are too large to be handled refthect to
the hardware capabilities: in particular, the reses which
mainly influence the output of a multiresolutiomderer are
System and Video RAM speed and amount, as well esatlv
CPU and GPU performances.

Terrain Models

To show how the algorithms and data structurespitle3GL

can be easily used to integrate virtual 3D expiorsinside web
pages, we implemented a simple but effective nagdtifution

terrain viewer (see Figure 5). Our approach comsgdt an

offline pre-processing step which creates a muititgtion

representation from a discrete elevation and datage, and an
online out-of-core rendering algorithm.

As in other existing map-based web applications &oogle
Maps (Google Inc., 2010), the multiresolution datass

organized in tiles. More in detail, in the constior phase, the
elevation map is first embedded on a quad-tree wihbr-

defined depth. The depth of the tree determinegditmension
of the tiles in which the input map is first padited. In fact,
such tiles correspond to the 2D projection of tharuling box
of the leaf nodes.

We build the multiresolution dataset in a bottomfaghion by
first assigning the tile images to their leaf nadHsen, tiles for
internal nodes are generated by assembling the fites

Figure 3. A zoomed view of the rendering of Micimglalo’s
David statue.

The model outreaches the maximum value for venehces
and is thus automatically subdivided into smalldmurks, . h . . . )
highlighted by different colors (see Figure 4). aSS|g_ned tq the node children in a single squaagénof tW|(_:e
The performances here range very inconstantly 86nto 140 the dimensions and then down-sampled by a factowaf This

FPS, with peaks of 250. This is probably due to the Means that all the tiles have the same dimensiah an
fimer eventﬁs scheduled by the br(?wser y ety particular, tiles assigned to nodes at lévehve half the linear

resolution of the ones at leviell. To ensure that the border of
adjacent tiles match exactly to avoid cracks amsdatitinuities,
the square regions of the elevation tiles are edgdrby one
pixel on each side. This is also done for the irgmior map to
allow correct color interpolation at borders wheilinbar

filtering is used. The output of the preprocessitep are two
texture images for each node: a RGBA image storesutiace
color (RGB channels) and the height map (Alpha chianaed

a RGB image for normal maps.

Once the nodes to be rendered are identified by the

multiresolution algorithm, the rendering procesavely each tile
by using a vertex shader which performs displacémmepping
on a regular triangle grid.

Figure 5. Remote multiresolution visualization daege terrain

Figure 4. The 1M triangles model is automaticallpdivided model

into sub-chunks (highlighted by color) to be rerediewith
WebGL.



Urban Models

To show the real potential of WebGL, we implemented
multiresolution renderer of urban environments gsinspecial
data structure calleBlockMap(Di Benedetto et al., 2009). One
of the main advantages of this novel representasidhat it can
be directly encoded into plain 32-bit RGBA imagesplymg
that we can use the standard tools natively pravidy

display such kind of image remotely, as in a stiagnterrain
viewer, a quad-tree is built from the original PTahd, at
rendering time, a fragment shader computes thesicugolour
as a function of the light position, passed asadal uniform
variable.

In the example we developed, a large PTM image (2324
pixels, for a total of 56 Mbytes), shown in Figufe is

JavaScript (namely, the Image, Canvas and WebGLConteyprogressively streamed and refined according t@tioen level.

objects) to fetch data from remote repositories apldad it to
the graphics hardware. Another advantage is tleasitmplicity
of the rendering algorithm and, more importantlye tuse of
simple instructions in the BlockMap shaders, allavta write
efficient JavaScript code and exploit the actualwegro of
WebGL without any modification.

Figure 6. The Ray-Casted BlockMap technique is impleeate
in SpiderGL for real-time exploration of urban mtsde

5. VIRTUAL MUSEUMS

The possibility to use the processing capabiliiddsmodern
graphics hardware directly within web pages allotie

development of new kind of virtual exploration sedte that
can be seamlessly integrated in existing remotiatligoraries.

In particular, in conjunction with the growth inettavailability

of large 3D-scanned models and high resolution qgdraphs,
the new WebGL standard can be used to create dtitexa
high-quality virtual museums that can be accesbkealigh the
Web.

In the following we will describe two case-studwattshow how
the exploration and rendering modules of a virmmakeum can
be efficiently implemented.

5.1 Relightable Images with Polynomial Texture Maps

Although WebGL is designed primarily for three-dims@nal
graphics, the possibility to use the power of thapbics
hardware at pixel processing level makes it anaetitre
candidate even for complex 2D shading operationthik case,
source images are handled under the form of texhaes, and
per--pixel operations are executed by fragment atsadAs an
effective use of these capabilities, we used th&imsolution
framework to implement @&olynomial Texture MapPTM)

viewer. A Polynomial Texture Map (Malzbender,
Dellepiane et al. 2006) is, in brief, a discretadgm where each
pixel encodes a minimal reflection function whicépénds on
the light direction. This allows the user to intieely relight

the image to facilitate visual inspection of finetalls. To

2004;

The user can change the position of the virtuditlgpurce by
simply moving the mouse cursor. At each movemehg t
illumination contribution is recomputed in real-8mand the
relighted image is shown.
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Figure 7. A Polynomial Texture Map is visualizedaimulti-

resolution fashion. As the user moves the moushange the

virtual light source direction, the illumination mibution is
recalculated and shown in real-time.

This technique is mainly used for object that eibib main 2D
structure, such as bas-relief. The net effect & the virtual
exploration provides a more immersive experientiewing to
examine the objects under different lighting coiodis.

5.2 MeShade: a 3D Content Authoring Tool

While there are very large repositories for picgreideo or
audio files, a web site like Flickr or YouTube f8iD models has
yet to come. Up to now there are a few repositoaES8D
models made by human modellers that one can brandealso
few examples of repository of 3D scanned modelsnfstd
Computer Graphics Laboratory, 2004; Falcidieno, 2004
However it is likely that this will change quickip the near
future, both for the increasingly ease of producaiyy models
by automatic reconstruction means (for examplehsaper and
cheaper laser scanners (NEXTENGINE, 2010) or bytalig
photography (Vergauwen and Van Gool, 2006)) and tifer
ability to use 3D graphics hardware acceleratiorthie Web
browser.

MeShadeis a Web application written with SpiderGL that
allows the user to load a 3D model and imagestemaustom
shader program (like one can do using, for exampMD
RenderMonkey (AMD, 2010), although at the preserthvai
more limited number of functionalities), and expd8ON and
HTML code snippets to create a web page which pvitivide
interactive visualization of the mesh using theteosshader.
The user interface of MeShade consists of severdpsible
and movable panels (see Figure 8), representingntbst
important parts of a shader composer application.



Apart from the interactive preview viewport whicksplays the
loaded 3D model with the current material, the usqmovided
with text areas for editing the source code ofubeex and the
fragment shaders.

Figure 8. The MeShade user interface allows foothine
editing of the material shader source code. Whaslfed, a
JSON script is generated to be included in remepesitories.

The user can validate the correctness of the skdgeusing the
Validate button which will show the compiler output (wargin
and error messages) in the log area. Apply button will apply
the shader program to the 3D model.

The way MeShade handles program uniforms and vettager
attributes is based on predefined names with spemmantic
and user-defined input values. In particular:

- every vertex attribute of the mesh is made akldldo the
vertex shader by declaring it with a predefinediprée. vertex
shader attributea_position will be mapped to mesh vertex
attribute stream namembsition

- a series of fundamental and commaodity valuesapesed via
predefined uniform names, like transformation neasi model
bounding box and so on;

- whenever a non-predefined uniform is found, ait fedm is
added to the HTML DOM which allows for direct edi of the
scalar or vector values; the user interface fotirgldepends on
the type of the uniform variable;

- an image load form is created for every textuaenger
uniform; although texture samplers are standarébtms in the
GLSL language, they are grouped in a separate parreflect
the way SpiderGL handles textures.

The 3D model and the texture images are loadegéyifying
their URL and then pressing the correspondiogd button.
The interface also contains a list of all availapledefined
uniforms and mesh vertex attributes. The latteisare updated
every time a model is loaded.

Once the user has reached a satisfactory resudthéhean ask
MeShade to generate the code to embed the 3D mentdtred
with the program shader just created within a welgep by
pressing the&senerate Coddutton. MeShade will generate two
code fragments, JSON and HTML, which can be cometew
or existing files.

The JSON section contains the geometry and imagasgions,
as well as the shaders source code and unifornesjatund thus
serves as acenedescription file. On the other side, the HTML
code contains all the HTMlscript tags to be pasted into
existing pages in order to access and visualizedbee.

We decided to generate code snippets rather theommlete
HTML page because repository designers are supptosade
their own graphical style throughout their web sitbaving
only a very few lines of code to embed inside wabgs allows
for a variety of design choices. Moreover, sepagathe JSON
scene description code allows for sharing the sstere among
several web pages without code replication.

6. CONCLUSIONS

The work presented in this paper shows the poféptiaf a
WebGL-based application and the new possibilitipsned by
the availability of the modern graphics hardwamgdees within
the Web browsers. The proposed SpiderGL library enesasy
the coding of complex Computer Graphics applicatidys
giving the developer the necessary tools for madtitieal
entities, 3D models management, data retrieval, affttient
and fully-configurable rendering mechanisms. Exjigi these
new Web technologies in the field of Cultural Hegiawill
allow, in the near future, to create remote virtiaiseums able
to provide immersive and detailed exploration aggilons not
confined to small objects but including very degdilartefact
and even large environments like reconstructionsamgient
cities.

Future Work

Beside the work of upgrading and extending Spiden@thich

is obviously a daily activity, we envisage a pramgsdirection

of work in the automatization of the process ofvating large
databases of scanned objects to Web repositotiespiioblems
are mainly related to the typical large size ofnsal objects
and to the way to optimize them for a remote vigasbn.

Although there are many available tools to redume rtumber
of polygons in a mesh, to parameterize it and tover almost
the full detail by bump mapping techniques (jusimention a
viable, not unique, optimization pipeline), the Wég@rocess
still requires a skilled user to be done.
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