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Abstract (including sound), based on photos of real environments.

In this paper we describe a project that adopts a user- In computer.graphics,. a humber of Image-Based Modelling
centered approach in the design of virtual environments @nd Rendering techniques have been developed (e.g., [1]).
(VEs) with enhanced realism and interactivity, guided Despite re(_:ent advances these _technlques u§ually require
by real-world applications in the areas of urban plan- ©verwhelming storage and special purpose display meth-
ning/architecture and cultural heritage education. In what ©ds. We have chosen to use view-dependent texture map-
concerns realism, we introduce an image-based 3D cap-Ping. With a small number of input images. The data cap-
ture process, where realistic models are created from pho- turé workflow starts by choosing a number of viewpoints
tographs and subsequently displayed in a VR system using &round the selected activity pomts. Panoramic images are
high-quality, view-dependent algorithm. The VE is further then created by photographing all around each viewpoint
enhanced using advanced vegetation and shadow display"d “stitching” the images together. These panoramas are
algorithms as well as 3D sound. A high degree of inter- rendered as cubemaps and loaded into ammage—modellmg
activity is added, allowing users to build and manipulate Program, such as REALVIZ ImageModeféf. The cam-
elements of the VEs according to their needs, as specifiec’as Of images/faces of the cube are calibrated, and a 3D
through a user task analysis and scenario-based approachmOdel of the scene is then constructed. This model is the
which is currently being evaluated. This work is developed S@me for all the panoramas used. Textures are then extracted

as part of the EU-funded research project CREATE. by projecting the image back into object space, and edited
for each view. The result of this process is a single 3D

model, and one set of textures per panorama (viewpoint).
1. Introduction This allows view-dependent display of the models, resulting

in significantly higher quality renderings with low-polygon

Despite the promise of virtual environments (VEs), their count models. As an alternative we use a layered image ap-

actual use by end-users in areas other than those that argroach [4] from the same data (images and 3D model). The
directed to VR experts has typically been limited to date. resyiting environment can be edited using standard 3D mod-
Our approach combines realism (both visual and auditory) e|ling tools, and virtual elements can be added as needed.
and interactivity. We believe that these two properties, com-
bined with a user-centered design approach, can improve A significant factor for realism is the use of view-
the dEVEIOpment of Compelling, Usable, and useful virtual dependent d|sp|ay in the first approach we choose the ap-
environments. For this work we have chosen two appli- propriate viewpoint and display the closest texture corre-
cation domains that relate to Iearning and Working in VR, sponding to the current observer position, blending in be-
an archaeological reconstruction in southern Greece and amween when necessary. The second approach uses projec-
urban development project, the construction of a tramway tive textures using layered images [4], avoiding the need
through the city of Nice, France. Our choice has been moti- to subdivide the geometry according to each viewpoint and
vated by the fact that both tasks are real-world projects thatreducing texture memory requirements. Realism is further
are currently in progress and in need of high-level tools and enhanced by correct lighting using integrated illumination
presentation means that will facilitate the work or help in from a sky and sunlight model to achieve consistency. We

better dissemination of their cause. have also added interactive shadow display, by using per-
spective shadow maps|[5], and vegetation, by integrating a
2. Creating and Enhancing Realistic VEs mixed point and line-based rendering approach [2]. We

have also included a spatialized 3D sound system which dy-
To create a photorealistic VE, we introduce a novel namically builds clusters of sound sources [6]. This scales
workflow for capture, enhancement and realistic display well to large numbers of sources (for crowds, traffic etc.).



Figure 1. (left to right): wireframe of the 3D model reconstructed from a series of photos; the textured
version of the model; the VE after the addition of virtual elements, shadows and lighting; the VE of
the urban planning application as displayed on an immersive curved-screen display.

3. Adding Interactivity the general public) were selected and interviewed. The re-
sults of this needs analysis process have informed the design
and development of our prototypes and formative evaluation
Rudies. Exploratory studies were conducted, for the educa-
tion case, with young students between the age of 7 and 12.

In addition to the development of visually rich VEs, our
user-centered approach presupposes the development of u
able applications that include a number of interactive capa-

g'l't'.es d$§|gined :9 _rtnefet real-hworld uhser requlltre(r;"n_ents. -I:[hefThe tasks included simple building activities that involved
esign o interaclivity for each case has resulted in a Set oly, selection, placement, and manipulation of virtual ob-

representative user task scenarios that are currently bein?ects. Technical and usability evaluation of the prototype

ev?lutited and r]?tfrl]ned. haeological fructi ._environment was also performed. Similar studies are under
nthe case ot the archaeological reconstruction scenarloway with the architects of the urban planning project.

the central temple of anc?ent Messene in Greece prqvides The pilot studies carried out thus far have been very use-
a focused gctm;y r?pace 'T wh|chhthe user .en.gagtlas in rt]heful in providing directions for the design of the next studies,
reconstlrutc;tlon]f) IT N t(_almbpl €. Sﬁi ?n alct|V|ty tl)nvo veslt ? while user involvement and response has been essential in
manipu’ation o a’t' avara te ?rf 'lf‘ﬁ,gr‘?‘ldﬂ”em ers (se eé: " this process. The addition of haptic interfaces and virtual
ing, resizing, positioning) to virtually “build”, examine, an upeople are considered important future directions. The user
cotmlpare, tpart(‘js (.)f E{Ee temp le as tr;eﬁ_eh are folgnct:l (aprd iﬁc studies will continue, both on a formative and on a summa-
rately captured) in the environment. The goal is 1o offer the tive level, so as to ensure that the resulting application envi-

user th? possibility to try varied reconstruction h_ypothes:es ronments meet their users’ needs and provide virtual reality
and actl_vely.explore? various levels of reconstruction for dif- tools that address real-world situations.
ferent historical periods.

Similar activity has been designed for the urban plan- 5 Acknowledgments
ning scenario where the addition of interactive features al-
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4. User-Centered DeSIQn and Evaluation [2] O. Deussen, C. Colditz, M. Stamminger, and G. Drettakis. In-
The case studies for this project have been designed with ~ teractive visualization of complex plant ecosystemsPioc.
a user-centered approach. Our evaluation methodology is  ©f IEEE Visualization 02IEEE, October 2002.
largely based on a structured framework for the design and(3! J: L G%bba“lj' D. H'X]; and JI. E. Swan II.'EUEsEr-é:entered de-
evaluation of user activity in VEs that includes user task /9" and evaluation of virtual environmen omputer
. o . S . Graphics and Applicationsl9:51-59, Nov/Dec 1999.
analysis, heuristic and usability guidelines, formative, and

. luati h his f [4] A.Reche and G. Drettakis. View dependent layered projective
summative evaluation [3]. We have extended this frame- texture maps. IProc. of Pacific Graphics 2003ct. 2003.

work to take into account the specific application domains 5] M. Stamminger and G. Drettakis. Perspective shadow maps.
of education and design, and the different types of users  |n Proc. of ACM SIGGRAPH 2003uly 2002.
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