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Abstract

In this paper we present a new approach for mod-
elling multiple object scenes using images taken from
various viewpoints. The voxel representation produced
by the space carving is used for estimating the param-
eters of radial basis function functions (RBFs). A new
methodology is proposed for correcting the modelling
errors within the RBF framework, by enforcing consis-
tency with the input images by matching along epipolar
lines, and enforcing silhouette constraints using the vi-
sual hull. The proposed methodology is applied on two
datasets consisting of several objects while providing
quantitative and qualitative assessment.

1. Introduction

Single 3-D object reconstruction from several im-
ages has recently attracted considerable research inter-
est [1, 2, 3, 4, 5]. Real scenes are often more complex
and involve several objects occluding each other. The
methodology described in this paper aims to robustly
model such scenes.

Shapes of 3-D objects can be estimated from im-
ages using: stereo, silhouettes, shape-from-shading, etc.
Space carving is a form of multi-view stereo which as-
signs voxels to a 3-D object or carves them away from
its volume according to their photoconsistency [6, 7].
Affine-invariant image patches have been used for the
partial recovery of single 3-D objects using multi-view
constraints [8]. The volumetric graph-cut method uses
the visual hull of the scene to infer occlusions and as
a constraint on the scene topology [9]. Surface refine-
ment for mesh models initialised from volumetric re-
construction has been performed in [3]. Implicit RBFs
have been shown to represent well surfaces of 3-D ob-
jects in [2]. Single object reconstruction from silhou-
ettes has been addressed by recovering surface points
based on the principle of duality with the tangent plane
and object space [4]. A comparison study of multi-view
stereo reconstruction algorithms providing ground truth
error evaluation, was performed in [5].

Most of the above methods require some initial shape
estimate, which is easy to provide for single objects but
cannot be relied upon for multi-object scenes. In the
proposed approach we consider the voxel model pro-
vided by space carving as the initialisation for estimat-
ing an implicit surface model implemented by RBFs
[10]. Surface modelling using RBFs is described in
Section 2. The voxel representation provided by space
carving is inaccurate resulting in floating voxels and
inconsistencies. Two different methods of enforcing
consistency with the images are considered: A method
based on image disparities is described in Section 3,
while silhouette based correction is addressed in Sec-
tion 4. Experimental results are provided in Section 5
and finally the conclusions of this study are drawn in
Section 6.

2. Modelling scenes with implicit RBFs
Let us assume that we have a set of n images

{Ik|k = 1, . . . , n} of a scene, acquired from various
viewpoints by calibrated cameras whose projection ma-
trices {Pk|k = 1, . . . , n} are known. The aim is to
reconstruct both 3-D shape and surface colour (texture)
information for multiple objects in the scene.

Space carving creates a voxel representation using
the photoconsistency between each voxel and its corre-
sponding projections in the images [1, 6]. For multi-
object scenes the resulting voxel representation is in-
variably noisy and incomplete due to occlusion and un-
certain lighting conditions. Despite this the method is
good for initialising the implicit surface model as it re-
quires no a priori knowledge about the scene.

Radial basis functions (RBFs) are known for their
data fitting, interpolation and generalisation properties
and have been used for modelling surfaces by Dinh et.
al. [2]. The RBFs also have much lower memory re-
quirements than a voxel array.

The surface of the 3-D scene is modelled as the zero
level set of a function f(x):

f(x) =
m∑

i=1

wiφ(‖x − ci‖) + ω (1)
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(a) Input image (b) Voxel Model (c) Initial RBF (d) Updated RBF (e) Silhouette consistent

(f) Input image (g) Voxel Model (h) Initial RBF (i) Updated RBF (j) Ground truth

Figure 1. 3-D scene modelling from images.

4. Incorporating silhouette constraints

In this section we show how we can employ the
information provided by objects silhouettes when the
background is segmented. The visual hull, denoted by
H, is an outer bound of the observed shape and is calcu-
lated as the intersection of the backprojected silhouettes
corresponding to the given set of images. We use H in
order to improve the consistency between the RBF sur-
face and the silhouettes extracted from the images. This
is implemented by moving any centres which project
outside the silhouettes to the closest point on the vi-
sual hull, ĉ′i = argminx∈H ‖ĉi − x‖. This produces
contours which match those of the objects from the im-
ages while preserving the rest of the model. Due to
the nature of RBF interpolation, “bridges” can appear
in scenes with multiple objects, whereby regions from
two nearby objects are joined together. Some bridges
can be detected by rendering the RBF surface and com-
paring the resulting images with the original silhouettes.
These errors are eliminated by placing extra basis func-
tions as exterior constraints in the region. The precise
location of these RBFs is not critical as the surface will
subsequently follow the surface constraints.

5. Experimental results

The proposed methodology enforces consistency in
both the image texture information and in the shape
information provided by silhouettes. Two sets of real
images of multi-object scenes are used to test this ap-
proach. The first dataset comprises n = 12 images of a
scene containing 5 main objects which exhibit various
shapes and surface properties, including text and shiny
areas of constant colour (see Fig. 1(a)). The second im-
age set consists of n = 16 images of a scene with 4

main objects each with a variety of surface properties
and shapes (see Fig. 1(f)). This scene was scanned us-
ing a Cyberware 3030 laser rangefinder in order to pro-
vide ground truth data which is displayed in Fig. 1(j).
The light comes from a diversity of sources in the first
image set, while a single illumination source was used
in the second image set.

Voxel carving assumes the camera positions (extrin-
sic calibration) to be known. Targets printed on rect-
angular boards were placed around the outside of the
first scene in order to provide the necessary information,
whilst the ground truth was used for camera calibration
in the second scene. Initial voxel models are created
using the probabilistic space carving algorithm [1]. 1

The carved model for the first data set contains
773,660 voxels and is shown, after mapping the colour
information, in Fig. 1(b). 6000 radial basis functions
are used to fit the implicit surface as shown in Fig. 1(c).
A total of 4898 basis functions met the criteria for up-
dating, of these, a suitable match was obtained in 4074
cases (Fig. 1(d)). The same processing steps are ap-
plied for the second image set, the carved model con-
tains 1,966,693 voxels (Fig. 1(g)), while 4850 basis
functions have been used for the initial RBF representa-
tion (Fig. 1(h)). From these basis functions, 3225 meet
the criteria for updating and 1684 have been updated
(Fig. 1(i)).

Improvements to the shape of the shoe and other ob-
jects are visible from Fig. 1(h) and Fig. 1(i). The float-
ing voxels produced by the space carving are clearly
eliminated in the RBF representations. Smoothing pa-
rameters of δ = 25, τ = 0.01 are used in all cases. To
provide normalisation the centres are scaled such that

1The space carving software used in experiments is from
http : //mi.eng.cam.ac.uk/ ∼ aeb29/SourceCode/



Data set 1 Data set 2
Method Planarity PSNR DE PSNR

error (dB) (mm) (dB)

Voxel carving 11.59 41.8 25.23 65.52
Initial RBF 3.63 43.6 18.24 67.79
Updated RBF 1.04 50.2 14.76 69.23

Table 1. Numerical evaluation

(a) RBF centers. (b) Correction vectors.

Figure 2. Updating RBF center locations
using silhouette correction.

they fit in a 2 × 2 × 2 cube.
For numerical evaluation, in the first image set we

use the surface of the blue book and measure the devia-
tion from planarity (in mm) in the recovered 3-D model.
In the second dataset we compare the resulting 3-D sur-
face with the ground truth provided by the laser scanner,
shown in Fig. 1(j). The laser measures the distance from
the axis of rotation for a 360 ◦ circular arc surrounding
the scene, producing a cylindrical depth map. DE rep-
resents the RMS error in these values, measured in mm,
compared to the model (weighted by the distance from
the central axis) for all points in the depth map.

The colour of each point on the 3-D surface is ob-
tained by averaging the pixel colours of all its corre-
sponding projections in the original images. We eval-
uate the PSNR between colour projections of the 3-D
model and the original images. The DE and PSNR val-
ues are provided in Table 1.

Some objects (e.g. the kettle in the first scene) are
not well modelled due to their lack of texture. In cer-
tain cases the RBFs interpolate across depressions in
the surface such as the kettle handle. To counteract this
we apply the silhouette correction method described in
Section 4. The RBF centers which do not fit the silhou-
ette are marked by ‘*’ in Fig. 2(a) while Fig. 2(b) shows
the updating vectors for the RBF centres involved. The
improvement in the shape information, particularly the
handle of the kettle is evident from these images. A
total of 387 centres were moved.

6. Conclusion
This paper presents a new method for representing

3-D scenes with several objects from multiple images.

An implicit surface modelled using RBFs is initialised
using the voxel representation provided by the space
carving algorithm. The RBF framework solves certain
problems related to the uncertainty in the voxel estima-
tion. However, gross errors in the initialisation are prop-
agated through to the RBF model. We consider a two-
stage method for updating the RBF centres by jointly
improving the scene consistency with image textures
and with the object contours. In the first stage we con-
sider a set of planar surface patches in 3-D, each associ-
ated with an RBF centre. We propose an updating algo-
rithm which uses correspondences between images of
the patch along epipolar lines. Then we enforce consis-
tency between the given RBF model and the silhouettes.
RBF centres which lie outside the object silhouettes are
projected onto the visual hull. The above approach is
justified by the numerical evaluation as well as clear vi-
sual improvements.
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