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Abstract

Our aim in this demonstration proposal is to show how a

surface acquisition system may be designed. We depart

from the fact that a complete 3D representation of the ob-
ject requires the depth information, the reflectance proper-
ties and the surface normals to be at hand. Following this
rationale, our acquisition system makes use of shape-from
shading algorithms, surface height integration methods an
BRDF approximation techniques for recovering the field of

surface normals, the surface height and the reflectance prop

erties of an object from a single image.

1 Demonstration Requirements

We require a table, two chairs, a power outlet, a projector
with a screen and an AO-size board. In order to show the

conference attendees how the 3D representation of a surfac

may be acquired from a single image, the presenters will
provide a laptop computer and a poster.

2 Presenter Information

The presenter is one of the authors of this proposal and
member of the Computer Vision Group at the University of
York. His contact details are

Antonio Robles-Kelly

Dept. of Computer Science
The University of York
Heslington, York YO105DD
United Kingdom

Tel. ++44(904)432774

Fax ++44(904)432767

*Corresponding author
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3 Background

Surface acquisition provides a route to automatic object
and scene modelling that is of potential practical use to
the computer graphics community. Broadly speaking, exist-
ing methods may be divided into those that are geometrical
in nature and those that are based upon photometric mod-
Is. Turning our attention first to the geometric methods,
the main contribution here has been to exploit projective
geometry to develop algorithms for 3D object reconstruc-
tion [1]. Methodologically, the idea underpinning these al-
gorithms is that of recovering both planar and curved sur-
faces from multiple views making use of calibration data
and correspondance information. For curved surfaces there
has been considerable success in using turntable sequences
for surface reconstruction from both detected feature points
and occluding contours [2]. Photometric methods, on the
other hand, aim to recover surface information from shad-
an or texture variations. This is a classical problem in the
computer vision community, which has lead to a consider-
able literature on the development of algorithms for shape-
from-shading [3], photometric stereo [4] and shape-from-
texture [5]. However, the drawbacks of these algorithms
are twofold. Firstly, they tend to oversmooth surface de-
tail. Secondly, they are prone to error due to their numerical

E\nestability.

Moreover, a complete 3D representation of the object re-
quires not only the depth information, but also the surface
normals and the BRDF to be at hand. This becomes evident
ever since the normals and the BRDF are of capital impor-
tance to render the object, while the surface height data is
essential when a mesh or spline representation is required.
As a result, shape-from-shading algorithms alone are in-
sufficient for acquiring the 3D representation of a surface
from a single image. Following this rationale, our acqui-
sition system makes use of shape-from-shading algorithms
[3, 6] in conjunction with other computer vision methods
for recovering the 3D representation of the object. We com-



mence by recovering the field of surface normals (i.e. the
Gauss map) making use of shape-from-shading methods.
From the surface normals, surface height integration meth-
ods [7, 8] may be employed to recover the surface height.
In parallel with this two step process, a variant of the BRDF
approximation method of Robles-Kelly and Hancock [9] is
used to recover the reflectance properties of the surface.

4 VisLab

Our demonstration vehicle is a program which we have
named VisLab. VisLab is a piece of experimental software
developed by the presenter that incorporates computer vi-
sion algorithms with and OpenGL-based visualisation GUI.
VisLab allows the user to process image files (i.e. portable
pixmaps, etc.) and propietary files containing OpenGL lists
or fields of surface normals for the object. It also allows the
use of what we have called “workspaces”, which comprise
all the available data on the object (i.e. BRDF approxima-
tion, height data and Gauss map). In Figure 1, we show
a sample view of VisLab’s main window with a document
containing the image of a fragment of “The Three Graces’
relief.

From a single image, the surface height data may be
recovered making use of a wide variety of shape-from-
shading and surface integration algorithms. It is well rameters that may affect the quality of the recovered sur-
known that the performance of shape-from-shading algo_face. We show this funtionality of our software in the video
rithms may vary depending on the topology of the surface clips "iccv.dema01.mov” and "iccudema02.mov”.
[10]. Hence, VisLab may process the surface making use It is worth noting that, since the field of normals, re-
of either of three shape-from-shading methods [11, 3, 6] flectance properties and height data are at hand, it is pos-
and two surface integration algorithms [7, 8]. The user is sible to perform image-based or forward rendering of the
free to choose the shape-from-shading algorithm and sur-surface under study making use of the BRDF approximated

face reconstruction method to be used and modify the pa-from another open image or previously processed object.
To illustrate this powerful feature of the software, we show
some example results in Figure 2. In the top row, we show
| Crm— el the real-world images used to estimate the BRDF's. In the
[eoae ] two bottom rows we show the results of performing forward
teltsaucs ety rendering of a computer model of a teapot and a 3D-model
of a bust of Beethoven acquired from a single gray-scale
image using VisLab.

We will allow conference attendees to use VisLab under
the supervision of the presenter. In this way, participants
will be able to explore how visualisation tools like VisLab
and recent vision research may be used to acquire realistic
3D representations from single gray-scale or color images.

Figure 2: Top row: input images for the BRDF approximation
, process; Bottom rows: “teapot” and a bust of Betthoven rendered
making use of the BRDF’s approximated from the input images.
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_ Z Surface acquisition is of potential practical use to the com-
puter graphics community. VisLab allows us to show how
Figure 1:View of VisLab a practical system may be designed. We believe that the

architecture of VisLab provides a means to combine ef-



ficiently the functionality of shape-from-shading methods,
BRDF approximation techniques and surface integration to
acquire the 3D representation.
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