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Abstract teresting feature that is used on rare occasions are the so-
called Non-Playing Characters (NPC) as synthetic charac-

In this paper we study the technologies that are availaldes that can be programmed with a good degree of details
for interactive and cooperative 3D environments. In paind that allow to model scrupulously the interactions with
ticular, we describe how state-of-the art videogame 3Re environment and the user, and with other processes
engines can be fruitfully used to create interactive 3gltside the videogame (as, e.g., in [3]).
worlds that leverage on the photorealistic quality of the
graphics and the high level of immersive navigation.

We provide, first, a categorization of videogame 3D en-
gines from the point of view of their usage in creating in-

teractive 3D worlds and show a comparison of the mo0 trhgcizjc.:hn\é)vlz viveasnihtgt grreesz\r;;igglgt?gfirgg?npazftz:
important characteristics. Then, we show an example 9 9

f. . . LS
how we used a commercial videogame engine to creategive and cooperative 3D environments. We divide the

interactive an enjoyable visit to an archaeological site. technologies that are available in 3D engines mainly de-
voted to produce videogames and general-purpose 3D en-

gines. Our thesis is that 3D videogames technology has,
1 Introduction nowadays, reached a programmability level that allows a
very efficient and effective deployment of virtual worlds

One of the first ingenious employment of such technolB2sed on tr_l_ese_con:mermal products (by using the so-
gies has been PSDoom [3] where Doom was used as§aled ‘modifications” of the game (anods).
terface to process management in Unix. The Doom inter-After a careful analysis and description of what is avail-
action (a popular first-person shooter game) was usedatsle, we present a proof-of-concept of the thesis presented
“kill” or “nice” processes running in the machine. in this paper, i.e., a reconstruction of an archaeological
By using Quake Il 3D game engine, in [4] it is shown site that offers a very enjoyable and effective (i.e. infor-
3D library where the user can browse books by looking inative) visit to the user. Our prototype allows an inter-
a 3D library (with bookshelves and so on). The weapaittion with several characters as well as the ability of a
of the user was replaced by a laser pointer. cooperative visit to the site. The reconstruction objectiv
Another interesting application of videogame-like pravas to obtain a reproduction that, besides providing the
sentation techniques was studied in the “Mountain Viewraditional 3D reconstruction of an ancient site, was aimed
project, described in [1] where, by using an interestit an immersive visit that allows the user to be plugged in
ing combination of hyperbolic interface and videogamése middle of one of the most important ritual of that pe-
based interaction, authors plan to provide a usable aigll, i.e., funerals in order to participate (in the truessn
efficient 3D interface to data archive. to the funeral cortege and appreciate the importance of the
Among the features that make attractive the videogamet in that society. As a side effect, the user is brought to
engines, there is the capability of obtaining cooperatiegplore and interact freely with all the characters of the
environments that can enrich the quality of the experiengmcession and within the surrounding, thereby obtaining
of an interactive visit to a virtual world. For examplea product that can be fruitfully used at any age and at any
in [6] it is shown how to use games for cooperative virate of interest, being appreciated even by teenager, given
tual environments for architectural design. Another ithe videogame-like nature.



Organization of thepaper. In Section 2 we review andlevel are defined the low level performance of a game en-
compare existing videogame technologies with respectgioe, like the quality of graphics, the quality of sound and
their possible use in creating 3D worlds for educationtile network capabilities. The developer of a totally new
purposes. In Section 3 we describe our example apg/ame have to approach the development building from
cation to the reconstruction of an archaeological site arklis level.
finally, in Section 4 we conclude the paper with some finkvel 2: the game API is the layer of software which is
remarks. in charge of abstracting the lower layers and implement
functionalities like the Al of characters, the physics af th
environment etc.... This is the layer which defines the
2 Videogame 3D engines high level characteristics of a game engine: how much
realistic is the physics of the environment, or the behav-
In this section we give a review of the state of the art inr of the non playing characters in the game. Modern
3D interactive environments that will be compared late, games are not always strongly directed to a certain type
the next section. of game, so this level of the architecture usually provides
The designing of Virtual Environments (VESs) nowaa quite general API interface toward upper level. On top
days, can require the effort various different skills, riet of level 2 work the developer who intend to develop a
ways directly related to computers, for instance it is quiw game over a preexistent software architecture already
widespread the use of architects to design the style ofuactional.
VE or a scenographer from the cinema industry to béevel 3: this is the level where the gameplay is written.
ter realize the background scene or general appeal offas is the level where the developers of a new game usu-
videogame. ally relate to. The presence, in the figure, of more than a
The point of view of content designer is to coordinat@odification means that, exploiting the low level engine
such various skills inside a coherent work. There is clas§Bneral purpose vocation, is possible to develop various
cal question to answer to :“Which framework is best sugames whose “look’'n’feel” is different but that share the
able to develop an interactive 3d multi-user application $&8me software core. The level 3 is the level which the
The name usually given to this technological framéiodderselate to. A modder is a developer who creates a
work is “game engine”, oenginefor short. modification (since the jargon name) of an existing game,
An usual request from content designers is that the gRedifying maps, models, music, weapons etc. ..
gine would work as high level layer over the graphijcs
hardware in order that shade low level APIs like Open :
or DirectX. Other typical requirements for the engine a

. __new game

that it should be scalable, robust to manage comple 1 MoD 1 MOD 2

objects, keyframe animations, interactivity. Game AP
Physi Artificial World Specialized ||| level 2
rvies | i || s || soeted |1t

2.1 A modern game architecture

. . I Graphics Audio Engine Network

A game engine is a complt_ax set of moc_iules_ t_hat offe : Engine 8 Engine

coherent interface to the different functionalities thia a

usually more complex than the graphics rendering. | lowlevelarl || Lowlevelarl | Lowlevelapl |

We provide here a short and not exhaustive list of the ‘ Hardware

modules/functionalities, shortly discussing them. Feg
1 shows the structure of a modern game engine, with a

succinct view of all the modules that made up the entiFégure 1: A modern game module schema. The first level
system. In the figure is also pointed out the entry level @f the entry level for mod creator (modder), the second
the various typologies of developers that can use a galee! is the entry level for those who want to create a to-
engine. tally new game. The lowest level is the level on which a
level 0: is the hardware that is both the computer and thew engine is created from scratch.

network of the player. Modern videogames are usually
structured as client-server application, we refer herbdo t
client machine that is the player machine. 2
level 1. is made by the various engine which directly”
relate through the standard APl (e.g. OpenGL or DA game engine is usually developed inside the project
rect3D for the graphics) to the hardware of level 0. At thigind the funds) of a game that will hit the shelves for an

The gameenginein depth



(hopefully) large audience. In this case engine name usu-
ally match the original game name, this is the case of the
Quake Engine, the Half Life Engine and the Unreal2K3
Engine.

There are few engines written as general purpose soft-
ware frameworks without a predetermined videogames ti-
tle, but for a certain type of game; this is the case of en-
gines like Renderware and CrystalSpace.

The general trend is that, mainly due to the major
money investment, videogame inspired engines consti®
tutes the state of the art of gaming and, more and more
often, of field of research like real time computer graph-
ics and finite element simulation. All this engines provide
advanced features:

e Graphics engine Nowadays, technological ad-
vances offer almost indistinguishable from reality o
real-time graphic rendering. The main part of re-
search work has carried out in order to perform dy-
namic lighting and shadowing inside, even large, en-
vironments. Details can be easily added improv-
ing the visual appearance using effects Itemp
mappingand displacement maghat adds informa-
tion about the material an object is made of, without
requesting complex geometric models. The use of
programmable graphics card improves visual impact
giving enabling the artists to inject visual improve-
ments like specularity, reflection, refraction, or pol-
ished surfaces.

Efficient data structures permit to manage large in-.
door/outdoor environments and procedural level-of-

details over objects appearance. Particle systems
can be used to render effects like beams, volumetric
smoke, sparks. Image Post-Processing adds effects
as depth of field, night vision, or motion blur. .

e Complex modelOnce that the rendering results are
comparable with real world arose the need of devel-
oping also believable characters to give life to recon-
structed worlds. Detailed and believable characters
are usable. The models are capable of skeletal/bone
system and animation blending in order to best mim-
icking the real behaviors of bodies. Facial expres-
sion, both lips moving and user following eyes, are
recent features that can be used to perform language
independent speech giving a more comfortable inter-
action with avatars.

2.3

o Atrtificial intelligent Artificial intelligent is another

characters able to operate and coordinate together us-
ing sophisticated path finding algorithms, often bor-
rowed from robotic researches. An agent can be a
tourist guide, a teacher or a virtual presence use-
ful to avoid to user feeling alone or loss. Decision-
making triggers, can be disseminated around the en-
vironment to open a door, switch lights on, activate
NPC behavior, or in general events.

World physics Basic physics, collision detection,
rigid body are recent features available in nowadays
engines. This features permit the design of a more re-
sponsive environment with realistic interactions with
objects and also the creation of physically based ve-
hicles like cars, trucks, helicopter etc. ..

Networking Modern games are, usually, network
aware: the game experience provided on one’s pc
is usually transposed and emphasized in network
game, both LAN and Internet. The on-line experi-
ence presents interesting social implications, visitors
can choose to stay with their friends to, for instance,
form a clan of warriors. Sightseeing tours can be
organized and directed by @icerone(virtual or a
special on-line user) using voice. Multiplayer envi-
ronments could also cater some social desires like
places where to meet with other users in ways simi-
lar to forums, chat rooms, message boards.

Sound engine Audio quality is a critical perfor-
mance because it greatly improve the immersion in
the synthesized world. A common feature is the 3d
spatial sound, that gives and hint, like in real life, to
the player about where the source of a sound is.

Tools An engine is a very complex and large frame-
work, a set of tools are necessary to help people
perform data entry and automate repetitive or error-
prone tasks, improving reliability and efficiency and
very important to save time. Usually engines offer
a WYSIWYG world editor, terrain editor, and sev-
eral adds-on to exports models from most common
used 3d modelers. Editor allows artist to build vir-
tual environments, then to place Al agents, triggers,
and interactive objects. Furthermore they permit to
extend game play using languages-driven scripts.

The comparison

core feature available thanks to increasing CPU re this subsection we intend to lay a small compari-

sources. It can be used to produce desired behavisos

considering a small number of nowadays videogame

to agents or non-player characters(NPC). The ageatgjines. The comparison among the environments de-
can walk, run, jump, crouch like any other humarscribed above will take into account several key aspects,
driven player but can also be part of a squad of At particular we consider what is the quality of results (e.g



typology of effects) that can be achieved and at which d¢3D/VRML. X3D is an open standard for 3D content
velopment cost (e.g. quality of development tools) thesa the internet/web. It is intended to be the a format or
results can be achieved. language that is used for 3D interactive worlds on the web

In particular we will consider Half Life 2 as a paradig{replacing/extending the existing VRML97 standard). In

matic example of nowadays game engine, Unreal EngiXaD the world is displayed using a file format specifica-
3 as an example of what games engine can become tad. The language is very robust and supports general-
Torque which is a low-end low-budget engine. ized 3D content for interactive web and other broadcast
media. The main drawback is the lack of capable and

i ) ) flexible authoring tools that give the ability to create in-
Half Life2. Half Life 2 (HL2) from Valve is the sequel teractive worlds without any programming.

of Half Life a famous game often tagged as “The best
game ever”. HL2 uses a game engine codenaSmdce
developed by Valve. Source is a deep modification of the
Half Life engine that is itself an extension of Quake Il En-
gine from id Software. HL2 hit the shelves on November

2004 and deliver up—tp-date technology that has defin@genel_ Performer. [7] was the first commercially
the new standards which future games have to face off. dfhjjaple scene graph for graphics. It provides a program-
particular there are some appealing functionalities treat ging interface for developers who are creating real time
also useful for general purpose environmeriggial an- yisyalization simulations or in general graphical applica
imations NPCs in animated with Source have extremefy s OpenGL Performer is written using OpenGL and
realistic face expressions used to emphasize the senteng@Smajor benefit gained is that the development of real
perfectly pronounced with the proper labials. Anothgme applications avoid to being from scratch. OpenGL
cutting edge feature of the engine is the physics engiggyformer is only oriented to high performance graphics,
The use of physics engine within HL2 has changed ts ot capable to handle other important aspects of inter-
way of judging games, future games could not ignore tgyiye environments like characters animations or physics
use of physics. Ad-hoc extensions and tools must be written to support
these features.

UnrealdEng||ne 3. Urf\real Englkn? 3(UE3)isa complete We will make this comparison among comparable tech-
game development framework for next-generation cq ologies, that is, an game engine like Valve Source cannot
soles and PCs, providing the vast array of core technolg: compared with OpenGL Performer or X3D/VRML
gie_s, content creation tools, and support infrastructevre%St because Valve Source is a complete game engine
quired by top game developers. UES has the appeal Hich includes all the modules of level 1 in Figure 1,
feature of being cross platform, that means that game Qﬁﬂle, for instance, OpenGL Performer is a graphics en-
velopeltj for PCS.’ can bf C&;nsp”ed qnd rltmg)n console' e that, in a game development scenario, has to be used
a small conversion cost. Promises to be a new mi gether with other specialized technologies in order to

stone in the realism, Cor_15|der|ng that it can bOOSt 0 Pelize a complete game or interactive environment.
max all the features available nowadays, having as a tar-

get hardware platform 2006 PCs.

— [}
Torque Engine. The Torque engine is a fully featured g & = 9 ig mF | mE | g %-:u
game engine with advanced multi-player network cod 23 %% g3 8u|ag §% 2 2
indoor/outdoor rendering engines, state of the art skele °g|egigE|®h 2R "3 3¢
animation, drag and drop GUI creation, a built in worlc s
+ | A | | | ?

editor, and a C-like scripting language. A Torque engin HL2 +
license can be bought for $100. Unlike most comme UR3
cial game engines, this engine is very cheap and is |
leased with all source code. With UE3 and HL2 there |  Torque + + + L S R B
an important element to take into account before develop-

ing a new game, a developer can fully exploit pre-existegy re 2: The table contains a comparison among three
games structure (once again the mod architecture). Th§erent game engine. The more '+ symbol is better.
main drawback of Torque, and in general low-end low,q 2 indicates we had no information.

price engine, is that the performances can never be com-

pared with engines like HL2 and UE3.

| A | | R | | ?




3 Atest case: a3D reconstruction of The non-player characters can be also designed realisti-
; ; cally since the engine provides skeletal animation, mor-

an arChanIOglcal Site phing, facial animation and animation blending so that

tf}e interaction is extremely shapable according to the de-

We describe the technical details of an application o
Signer needs.

videogame technology that is currently being designe . .
g 9y y 9 gned, a sense, the main difference, from user's point of

[2]. The goal is to provide full access to a series of inte\r/i ith - o .
. ; . ; . pwW, with traditional 3D scenes is simply that he/she is a

esting painted tombs by simulating a virtual museum thz%1 . : .

. ) . : .Character in a scene and plays with the environment and

is further enhanced with an interactive 3D reconstructl?H

. . o e characters. Of course, from the designer point of view,
of a funeral cortege in the Andriuolo necropolis in Paeﬁi. . " .
um is environment offers exciting new avenues for provid-

ing content and information that are hidden and naturally
provided to the user, e.g., in the form of a speech that is

3.1 The archaological site of Poseidonia- delivered directly from a character to the user if he/she
Paestum approaches the character close enough.

Poseidonia-Paestum is situated in the middle of the Gttiie screenplay.  Given the characteristics of interaction
of Salerno, and its foundation can be traced back to thgyided from Source engine, our design was created in
end of the 7th century b.C. by settlers coming from thge format of a traditional screenplay for a movie. In this
town of Sibari. The site is well known for its temples, buiontext, we described, first, the scenario but also the char-
also for its necropolises, that provided one of the very feyiiers, their dresses, the way they proceed in the funeral
examples of painted decorations that were well preservgd and how they can interact with the user/spectator.

up to current times. In fact, some tombs (probably of the The funeral takes place in early morning of a cloudy
richest people) are distinguished because of the paintigging day in the fifth century b.C. The funeral procession
decorating the walls. Particularly rich is the necropaiis ;o mes from the town and the temples, that are seen in the
the territory of Andriuolo, situated north to the old inhals 5k ground toward south.

ited area. The decorations show interesting details aboU{he field where the procession enters is delimited by
the life of the dead and the rituals of his/her funeral. Cugic) vegetation that only partially discloses glimpses
rently, the whole corpus of the painted tombs is preservgfihe sea and surrounding hills.  The composition of

in the National Archaeological Museum in Paestum byle cortege follows the indications found in the painted
pnly some funerary palntlng_s an_d a few objects furnls{b-mb& assembled together for completeness.
ing the tombs can be exhibited in the Museum, becauséyger the leading flute player, the participants follow,
of lack of space and that makes interesting and usefyla,qing food and small vases (for perfumed oils). Young
virtual reconstruction with a reenactment of the scene. boys follow in with mourning women and animals to be
sacrificed (an axe) led by a man. While these characters
proceed, the user can walk around the cortege and inter-
act briefly with each one, receiving some information on
The 3D reconstruction is developed by using a state-8#e nature of the dead person, or simple laments from the
the-art 3D engine directly from the videogame techndRourning women. The procession, then, proceeds to the
ogy, Source engine from Valve, used for HalfLife 2 anBurial site, where the painted tomb is already been placed.
recently released. The engine was recently released 4R burial is done by two men that take the body and place
allows to build virtual worlds (known as “mod” (as init the tomb with some ropes that are later pulled. Then,
modifications)) where the user is not only visiting a 380me vases are placed in the tomb and the tomb is closed.
virtual environment but he/she can also interact in firdt the end, the procession moves back to town.
person with the synthesized characters that are acting ifhe user can interact with the characters, that can fol-
the scene. low his/her movements in the procession and react with a
Source is a first-person-shooter games engine that gHusible response to a series of repeated interactiohs wit
vides a photo-realistic 3d environment that enable a quicle user.
and effective development by a WYSIWYG World edi-
tor (\(alve Hammer Editor). Sour_ce _also provide_ Artificia%?) Project details
Intelligence tools, such as Pathfinding and Decision Mak-
ing algorithms that allow non-player characters (artificién particular [5] makes a comparison among Real Time
representation of humans, animals, objects) to react wtrategic (RTS) game engine and the First-Person Shooter
users’ actions and with the other non-playing characteSPS) game engine.

3.2 3D reconstruction guidelines



Various points of interest exist in our project respect ék Conclusions
traditional approach in the design of virtual reality. Vir-
tual reality technologies are usually aimed¢gonstruct In this paper, we advocate the usage of videogame en-
the architecture of a particular site Traditional virtual gines in order to produce highly immersive, high quality
reality does not explain, for instance, life in the comm@d environments. Several are the key advantages with re-
nities during a specific historical period; instead, it cdfe Spect to other platforms. We believe that, at the expenses
a static hyperrealistic reconstruction of a site, whichsdoef buying a videogame engine, the quality of the result are
not distinguish between the actual remains and hypotlgeatly improved
ses. This is mainly due to the limitation of technologies Videogames do not only closely follow hardware evo-
used. lution (graphic cards) but, in many cases, they push it and

our aoal is deeplv different. we intend to enable USgrive it with the overall objective of a highly realistic sim
9 S deeply o . flation. This happens, mainly, because of the large (eco-
to really participate to the rite, in fact, particular atien

nomical) interest in one of the most successful field that,

has been paid in modeling the semantic of the interactmh the animation movies, drives an incredible amount

between user and the charactlers present in the rite, gr Pesources involved in the quest for ever more realistic
between the user and the architecture.

products.

The scenario in which the rite is performed has beenJust to give an example of the technological speed, the
reconstructed using plausible textures for the foliage angdate frequency of drivers and technologies related to
trees, see figure 3. graphic cards is very high.
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