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Abstract—In this paper, a method that performs 3D object
reconstruction from multiple views of the same scene is presented.
This reconstruction method initially produces a basic model,
based on the space carving algorithm, that is further refined in
a subsequent step. The algorithm is fast, computationally simple
and produces accurate representations of the input scenes. In
addition, compared to previously presented works the proposed
algorithm is able to cope with non uniformly lighted scenes due
to the characteristics of the used voxel dissimilarity measure. The
proposed algorithm is assessed and the experimental results are
presented and discussed.

I. I NTRODUCTION
Contemporary complex mechatronic systems often have to
deal with objects in 3D space. Thus, a 3D representation of
these objects is demanded, instead of raw sensorial input,
for further processing. In this work we consider the classical
problem of inferring a dense 3D structure reconstruction of
an object from a collection of views calibrated to a common
world coordinate system. Among the multitude of existing
methods one can distinguish the use of methods ranging from
stereo vision-based to volumetric approaches. In stereo vision
[1], the aim is to recover the correspondences across the views
based on pixel differences so as to use the 3D view geometry to
compute a point cloud containing the structure information of
the scene. Solving the correspondence problem is a demanding
task and has received much attention recently [2], [3], [4].
Several techniques include the usage of bundle adjustment
methods [5], [6] to find the intrinsic and extrinsic parameters of
the cameras. Once the calibration of the cameras is achieved,
a metric reconstruction can be deduced from the image data.
In contrast to bundle adjustment, which is basically the
processing of bundles of light rays traveling through the
camera centers, other approaches found in literature are based
upon volumetric representations. Several approaches have been
developed in the last decades: multi-view stereo matching
techniques [7], [8], silhouette and stereo fusion methods for
3D object modeling [9], [10], the combination of both multi
view techniques and fusion methods on convex domains
[11] and several others as mentioned in [12]. Space carving
methods are relatively fast and robust enough for recovering
3D information about the structure of an object. In these
methods a formation of voxels is projected onto the twodimensional views of the scene and carved if they are related
to the background color. Originally, they have a minimal set of
constraints [13] because these methods can fail when dealing
with incurvatures and discrepancies.
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Other volumetric representations like voxel coloring [14]
and the generalized form of it [15] determine whether, or not,
to remove a voxel using its visibility properties. In this set
of methods, every voxel is visited in a visibility compatible
order, where only voxels that have already been checked are
permitted to occlude the current voxel. The volumetric space
is divided by a sweeping plane moving far away from the
camera and every voxel within the plan, is not allowed to
occlude another one. Thus, when a voxel is initially examined
its visibility in every input image is uniquely determined. Most
authors use a photo-consistency metric as a next step in order
to decide if the currently examined voxel belongs to the objects
volume or should be carved away. A common approach is to
apply a global threshold for light variations around the scene.
However, using a single threshold is very difficult to achieve
favorable results due to several noise and quantization errors.
In this manner, some researchers have expressed the three
dimensional reconstruction problem as an energy minimization
one. Kolmogorov and Zabih in [16] apply a graph cut method
to optimize the volume reconstruction in a direct way.
Some other works present three-dimensional reconstruction
methods based on probabilistic schemes. Broadhurst in [17]
suggests a probabilistic framework for space carving, where
each voxel is assigned a probability using a Gaussian model
and classified using the Bayes theorem, which is computed
by comparing the likelihoods for the voxel to exist and not
exist. Zeng in [18] extends previous carving methods for
non-Lambertian objects from an arbitrary set of calibrated
images using reflectance models and statistics on the photoconsistency criterion. Finally, Bhotika in [19] works on a
probabilistic theory based on visibility, occupancy, emptiness
and photo-consistency of the Photo Hull distribution.
A. Algorithm Description
The presented method lies within the category of Space
Carving algorithms. The main concept of the algorithm is to
represent the volume of the scene around an object by a grid
of voxels and to gradually dissolve this volume carving away
successive layers of voxels that have high discrepancy. The
block diagram of the presented method is shown in Fig. 1.
The scene is captured by different viewpoints, as shown in
Fig. 2, in order to obtain a scene’s image set.
Initially, the image set is projected into an array of voxels.
Then, a simple silhouette segmentation is applied and those
voxels related to the image foreground are maintained, while
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Block diagram of the proposed method.
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those related to the background are removed, as shown in Fig.
3. However, space carving difficulties are presented if images
are segmented incorrectly, because a voxel could be removed
by mistake and then it cannot be retrieved.
Literally, it means that in the final 3D model there could
be artificial holes that do not exist in the real input model.
Originally, in order to check the existence of a voxel inside
the resulting 3D volume the variance of the color samples is
needed to be to computed. A large amount of variance specifies
that the voxels are not likely to originate from the same surface
point and, thus, the specific voxel should be carved away.
This is where the main contribution of this paper is. As the
viewpoints of the scene can be significantly different, shadowing and other phenomena can differentiate the perceived color
of the same surface point. Thus, a lightness compensating
similarity (or equivalently dissimilarity) measure is needed.

saturated (pure) colors. The L channel of the HSL color space
stands for the Luminosity and it determines the intensity of
a specific color. It ranges from 0 for completely dark colors
(black) to 1 for fully illuminated colors (white).
Thus, in the HSL color space lightness is separated by
the other characteristics of color. This fact implies that a
given color will theoretically result in the same values of
hue and saturation regardless the environment’s illumination
conditions. Ignoring the Luminosity channel will inevitably
lead to the loss of some amount of information and, as a
result, to slightly inferior results for ideal lighting, but will
provide robustness against real, non-ideal and non-uniform
lighting conditions [20]. The omission of the vertical (L) axis
from the color space representation leads to 2D circular disk,
defined only by H and S, as show in Fig. 4(b).
In this reduced colorspace each color Pi can be represented
as a planar vector with its initial point being the disc’s
center. As a consequence, it can be described as a polar
vector or equivalently as a complex number with modulus
equal to Si and argument equal to Hi . That is, a color in
the new luminosity-ignoring colorspace representation can be
described as:
Pi = Si eiHi
(1)
Based on this color description a luminosity-compensated
dissimilarity measure (LCDM) has been proposed in [20].
According to this, the variance of two colors P1 and P2 can
be found in the reduced HS colorspace of Fig. 4(b) as the
difference of the two complex numbers:
LCDMP1 ,P2 = |P1 − P2 |
= S1 eiH1 − S2 eiH2
q
= S1 2 + S2 2 − 2S1 S2 cos(H1 − H2 )

II. L IGHTNESS C OMPENSATING I MAGES C OMPARISON
The used dissimilarity measure is defined and calculated
within the HSL color space. This color space is represented
as a double cone, as is shown in Fig. 4(a). In this figure, H
stands for hue and it determines the human impression about
which color (red, green, blue, etc) is depicted. Each color is
represented by an angular value ranging between 0 and 360
degrees (0 being red, 120 green and 240 blue). S stands for
saturation and determines how vivid or gray the particular
color seems. Its value ranges from 0 for gray to 1 for fully
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Fig. 5. Indicative input images from the dinosaur data set (4 out of 36 total)

Equation 2 is the mathematical formulation of the LCDM
dissimilarity measure, which takes into consideration any chromatic information available, except the luminosity. In contrast
to other popular dissimilarity measures, such as absolute
differences (AD) or squared differences (SD), LCDM can provide robust behavior against viewpoint-dependent chromatic
differentiations. Consequently, it was preferred for use in the
presented multiview algorithm.
III. E XPERIMENTAL R ESULTS
The image set named ”Dinosaur” located in the University
of Oxford and in the Visual Geometry Group [21] in particular,
has been used for testing the preliminary performance of our
algorithm. While Fig. 2 shows all the image set used for the
object modeling, in Fig. 5 some real images from the toy are
presented and the actual viewpoints can been examined. Figure
6(a) shows the initial result after the first carving is applied
over the voxel array. It is clear that with just one carving
there is no depth presence and more photos are needed in
order to obtain reliable three dimensional information about
the object. Even when just three carvings are used, as in Fig.
6(b), significant progress can be observed.
Figure 7(a), illustrates the result of the proposed algorithm
after all 36 images of the dataset are processed. It can be
seen that after the processing of all the image data, most
of the uncertainties are eliminated but the final surface is a
little harsh. Figure 7(b) depicts the result after the lightness
compensation algorithm has been applied and therefore the
surface of the model is smoother than the initial result. Finally,
in the colored surface of the model in Fig. 7(c) the lack
of uncertain voxels and the final refinement of the object is
shown.
The proposed space carving algorithm have been implemented in Matlab using a common computer equipped with
a Quad Core processor synchronized at 2.83Mhz for each
core and with 4GB of DDR3 RAM. The algorithm is not yet
optimized to process the voxels with a compact way, such as
octrees and utilizes a brute force method. Nevertheless, the
relationship between the number of voxels processed and the
respecting computational times are apposed in Table I. It can

(b) Result after three carvings
Fig. 6.

Gradual generation of the 3D model

be noticed that the algorithm is relatively fast and produce
remarkable results.
IV. C ONCLUSION
A method that performs 3D object reconstruction from multiple views of the same scene has been presented. The method
is based on a space carving algorithm equipped with a lighting
compensating dissimilarity measure. The preliminary results of
the used dissimilarity measure exhibits robust behavior against
lightness differentiations, which is very important for multi
view algorithms. The overall algorithm is computationally
efficient and produces an accurate 3D model of the input
scenes. More multi view datasets are going to be examined
for checking thoroughly the robustness of the algorithm and
a comparison with other multi view stereo methods will be
implemented to present the qualitative results of the examined
approaches. The algorithm’s structure is inherently simple and,
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TABLE I
C OMPUTATION TIMES FOR VARIOUS VOXEL POPULATIONS

Number
of voxels

Computation
time (sec)

62450
70500
81300
104510
111732
123247
140241
145572

46
52
57
62
67
73
86
89

thus, can be further accelerated by being implemented on
programmable graphic processing units (GPU). Contemporary
solutions, such as the CUDA software, comprise an efficient
way of realizing such implementations. The proposed technique is applicable to both sophisticated mechatronic systems,
such as painting, grasping and milling ones, as well as to
standard robotic and machine vision applications.
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