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Abstract: This paper presents a method for estimating the bounding volume for image-based 3D 
object reconstruction. The bounding volume of an object is a three-dimensional space where the 
object is expectedto exist, and the size of the bounding volume strongly affects the resolution of the 
reconstructed geometry. Therefore, the size of a bounding volume should be as small as possible 
while it encloses an actual object. To this end, the proposed method uses a set of silhouettes of an 
object and generates a point cloud using a point filter. A bounding volume is then determined as the 
minimum sphere that encloses the point cloud. The experimental results show that the proposed 
method generates a bounding volume that encloses an actual object as small as possible.     
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1. Introduction 

A visual hull is a three-dimensional (3D) entity 
computed from multi-view silhouettes [1]. Each silhouette 
of an object defines a generalized cone that encloses the 
object by back-projecting it to 3D space and a visual hull is 
generated by the intersection of these cones. A visual hull 
has been widely used for the image-based reconstruction 
since it reflects the overall structure of an object and its 
computation is relatively simple. 

Since A. Laurentini proposed the concept of a visual 
hull, a variety of algorithms have been proposed to 
compute a visual hull efficiently [2-5]. In most of these 
algorithms, computing a bounding volume precedes the 
actual geometry reconstruction. A bounding volume of an 
object is a 3D space where the actual object is expected to 
exist [2, 3]. The accuracy of a visual hull increases with 
increasing number of voxels or segments in a bounding 
volume since voxels or segments in a bounding volume are 
used to compute a visual hull. In other words, when the 
number of voxels or segments is fixed, the more compact a 
bounding volume is, the more accurate a visual hull is. 
Hence, to compute an exquisite visual hull, it is important 
to determine a compact bounding volume. 

Although the size of a bounding volume affects the 
accuracy of a visual hull, few studies have been conducted 

on the issue. Most studies on visual hull computation 
handle the bounding volume estimation using simple 
methods [2-3, 6-9]. Some studies estimated a bounding 
volume as a 3D space that is visible from all cameras, i.e., 
a bounding volume is estimated according to the location 
of the cameras [6-9] (Fig. 1). However, the computed 
visual hull can be inaccurate if an object is much smaller 
than an estimated bounding volume since the number of 
segments or voxels is insufficient to represent a visual hull. 
Another research [3] estimated a bounding volume using 
silhouettes. First, it finds rectangles that enclose silhouettes. 
Thereafter, it estimates abounding volume as an inscribed 
cylinder of the intersection of back-projected rectangles. 
Although this method is simple, the estimated bounding 
volume does not enclose the intersection of back-projected 
rectangles. Hence, a dead zone exists. If an object exists in 
a dead zone, the estimated bounding volume might not 
enclose the actual object(Fig. 2). Moreover, a bounding 
volume can be unnecessarily large if the silhouettes, which 
are extracted from the images by segmentation, are noisy. 

In this paper, we propose a method that estimates a 
compact bounding volume which encloses an object. The 
proposed method generates an initial 3D point cloud using 
2D polygons that enclose the silhouettes. Valid 3D points, 
which represent the volume of an object, are then extracted 
using a point filter. The point filter verifies the validity of 
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each 3D point by projecting it into image planes. 
Subsequently, it generates a bounding volume that 
encloses valid 3D points. The proposed method estimates a 
more compact bounding volume than in previous works. 
Unlike [3], the proposed method is robust to noisy 
silhouettes since it extracts the valid points from an initial 
point cloud with the additional help of the point filter.  

This paper is organized as follows: Section 2 explains 
proposed method. Section 3 includes experimental results 

and Section 4 presents the conclusions. 

2. Proposed method 

The proposed method consists of three steps, as shown 
in Fig. 3. In the first step, an initial 3D point cloud is 
generated using bounding 2D polygons of silhouettes. The 
validity of each 3D point is then evaluated by the point 
filter. In the last step, we construct a bounding volume of 
an object using the valid 3D points.  

2.1 Generation of aninitial 3D point cloud 
To estimate the valid 3D points that represent the 

volume of an object, the best method might be to find the 
intersection volume of back-projected silhouettes, and 
estimate a bounding volume that encloses the intersection 
volume. However, this method yields a complex 
computation when the shape of an object is complicated. 
Therefore, to avoid these problems, silhouettes are 
approximated as polygons that enclose the silhouettes.  

After the polygons are found, the edges of the polygons 
are back-projected into the 3D space to generate planes 
(Fig. 4). Then, three planes out of all planes without 
ordering are selected. After selecting the three planes, the 
proposed method calculates a 3D point as follows: 

 

  
(1)

 
 

where 1 2,π π  and 3π  denote the plane parameter vectors, 
and x is a three-dimensional point. Note that rank(M) should 
be three, since 1 2,π π  and 3π  cannot produce a 3D point if 
these planes are dependent. This process is conducted to all 
three planes selected out of all planes, and produces a set of 
3D points V, which is an initial point cloud (Fig. 5). Note 
that V includes a set, V’, which consists of valid 3D points 
to represent the volume of an object.  

 

Fig. 1. Bounding volume estimated in [6-9]. If an actual
object is much smaller than the estimated bounding
volume, the computed visual hull can be inaccurate,
since the number of segments or voxels representing a
visual hull might beinsufficient.  

 

 

Fig. 2. Bounding volume estimated in [3]. It may not
enclose the three-dimensional object.  

 

 

 

Fig. 3. Overview of the proposed method. 
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2.2 Evaluation of an initial point cloud 
using a point filter 

Subsequently, to find a set of valid points V ' , the 
proposed method applies a point filter to an initial point 
cloud. The point filter projects each 3D point of V to all 
image planes. If there is at least a projected element that is 
located on the outside of polygons, the element of an initial 
point cloud is an invalid point (Fig. 6). V '  can be found 
after conducting this process on all elements of an initial 
point cloud. The volume of an object can be estimated 
from the distribution of the elements of a set V ' . Through 
a point filter, the estimated volume of an object is robust to 
a noisy silhouette if there is at least one noiseless 
silhouette.  

2.3 Estimation of a bounding volume 
After estimating the volume of an object, it estimates a 

bounding volume. In this process, a variety of methods can 
be exploited. The simplestmethod is estimating the 
minimum cube enclosing valid points. The other approach 
is estimating the minimum enclosing sphere [10-12]. This 
approach manipulates a bounding volume easily since 

there are only four parameters. Hence a bounding volume 
was estimated as a sphere, and Welzl’s method was used to 
calculate the minimum enclosing sphere [12].This method 
uses a linear programming algorithm and can estimate the 
minimum sphere which encloses a set of  points in the 
expected ( )O n  time.  

3. Experimental Results 

Several experiments were carried out to evaluate the 
performance of the proposed method. We compared our 
method with previous methods [3], and [6] using publicly 
available datasets and our dataset, i.e., standing man(Fig. 
7). A chroma-keying algorithm proposed in [13] was used 
to acquire silhouettes for our dataset. Silhouettes of 
publicly available datasets were provided along with the 
color images. Table 1 summarizes the datasets. In addition, 
we defined the number of points on a visual hull as the 
resolution of a visual hull, and the number of voxels or 
segments in a bounding volume as the resolution of a 
bounding volume. In the process of generating a point 
cloud, the rectangle was used as a polygon. To verify the 
validity of using a rectangle as a polygon, the length of the 
x-axis, y-axis, and z-axis of the estimated volume of an 
object using a rectangle and a silhouette was compared 
(Table 2). From Table 2, we recognized that a rectangle is 
a proper approximation of a silhouette. 

Tables 3 and 4 show the radius of the bounding volume 
that is estimated by using the methods in [3, 6] and the 

Camera Center
Polygon

Projected Planes

 

Fig. 4. Planes generated by back-projection edges of
polygons.  

 

 

Fig. 5. Initial point cloud generated by three planes out
of all planes. 

Camera center Polygon

Image plane

 

Fig. 6. Evaluation of an initial point cloud using a point 
filter. 

 

(a)

(b)

Fig. 7. Standing man (Left), Dancer (Middle), Capoeira 
(Right) (a) represents the texture, (b) is the silhouette. 
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proposed method with ground-truth silhouettes and noisy 
silhouettes. In the case of noisy silhouettes, the silhouettes 
provided and acquired were used. Table 3 shows that the 
proposed method estimates the smaller bounding volume 
than the other bounding volumes generated using the 
method in [3] and [6]. In Table 4, we can recognize that 
the proposed method is robust to noisy silhouettes, since 
the radius of the bounding volume estimated from noisy 
silhouettes is similar to that estimated from the ground-
truth silhouettes. These results show that the proposed 
method is robust to noisy silhouettes and estimates a 
compact bounding volume.  

Fig. 8 compares the resolution of a visual hull 
generatedusing the proposed method, method in [3], and 
method in [6] to each dataset. As the results show, the 
proposed method generated a high resolution visual hull 
for any resolution of a bounding volume. For example, in 
the dancer dataset, the resolution of a visual hull generated 
using each method is as follows: the proposed method was 

51.30 10 ,×  the method in [3] was 43.93 10×  and the 

Table 1. Data used for the evaluation.

 Resolution Views 
Standing man 1024x768 11 
Dancer data 780x582 8 

Capoeira 1004x1004 8 
 

Table 2. Validity of using a rectangle as a polygon. 

 Rectangle Silhouette 
Length of x-axis 0.53 0.45 
Length of y-axis 0.71 0.63 

Standing 
man 

Length of z-axis 1.97 1.86 
Length of x-axis 1.32 1.29 
Length of y-axis 0.67 0.58 Dancer 
Length of z-axis 1.84 1.77 
Length of x-axis 0.82 0.78 
Length of y-axis 1.97 1.86 Capoeira 
Length of z-axis 0.80 0.57 

 
Table 3. Radius of the bounding volume estimated 
using ground-truth silhouettes. 

 Standing man Dancer Capoeira 
Method[6] 2220.16 3.26 2.40 
Method[3] 1030.36 1.20 1.12 
Proposed 
Method 922.16 0.95 0.97 

 
Table 4. Radius of the bounding volume estimated 
using noisy silhouettes. 

 Standing man Dancer Capoeira 
Method[6] 2220.16 3.26 2.40 
Method[3] 1298.88 1.72 1.31 
Proposed 
Method 922.56 0.95 0.98 

 

Fig. 8. Experimental results for the three datasets.
Thevisual hull computation using the proposed
method generates a visual hull with ahigh resolution.
In terms of resolution of a bounding volume, visual hull
computation using the proposed method represents
the geometry component of a visual hull despite
having a low resolution. 
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method in [6] was 42.20 10×  in the case when the 
resolution of a bounding volume is 85.00 10 .×  In the case 
of standing man dataset, the resolution of a visual hull was 

51.11 10 ,×  48.90 10×  and 44.51 10 ,×  respectively, and, 
52.66 10× , 52.04 10 ,×  and 49.30 10×  in the case of 

capoeira data, respectively, at a bounding volume 
resolution of 85.00 10× . In particular, in the result of the 
dancer data, the proposed method achieved approximately 
three to four times higher visual-hull resolution than the 
previous methods. From these results, the proposed 
method helped to generate a high resolution visual hull.   

4. Conclusion 

In this paper, we propose a method that estimates a 
bounding volume that encloses an object using a point 
filter. To this end, the silhouettes of an object were used. 
Through a point filter, the volume of an object was 
estimated even when the silhouettes are noisy. In addition, 
a sphere was used as a bounding volume since it is 
represented by four parameters. Through the proposed 
method, a visual hull can have high resolution, despite the 
low resolution of a bounding volume. The experimental 
results show that the proposed method can be used as a 
useful tool for image-based object reconstruction. 
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