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Abstract

Automatic computation of best views of objects are very useful.
For example, they can be used as the starting point of a scene ex-
ploration, or to enrich galleries of objects available through Internet
by adding an image a model that may help to decide if it is worth
downloading. Recently, a measure to evaluate the quality of a view
has been proposed, it is called viewpoint entropy and has a basis on
Information Theory. The best view is the one which gives the most
information of the object being inspected. For large models, the se-
lection of a set of good views that cover all the faces can aid the user
to understand a certain object or scene. For very complex environ-
ments, however, a set of images may not suffice. For example, when
examining buildings it may be difficult to locate in space the posi-
tions where the viewpoints were placed. In these cases, an interactive
exploration of the model can better help the user to understand the
structure of the scene. In this paper we present an automatic method
for the exploration of scenes that uses viewpoint entropy.
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1 Introduction

Many situations may require the in-
spection of a whole scene or object in
order to have a correct understand-
ing. For example, when modeling sce-
nes (especially if the modeler is using
a so-called declarative modeler [1]), or
when it is important to properly com-
municate high amounts of informa-
tion through photographs such as a
virtual tour in a museum, or showing
a flat to sale, or the possible design
of a new building. These cases will
take advantage of an interactive ex-
ploration of the scene. This way the
user may get a proper idea of it. In
this paper we present a new technique
for the automatic indoor scene explo-
ration. It uses an Information The-
ory based measure dubbed wviewpoint
entropy that can be used to evaluate
the amount of geometric information
present in a view.

The rest of the paper is organized
as follows: In Section 2 we review
previous work on good view selection
and scene exploration. Section 3 in-
troduces the viewpoint entropy mea-
sure. In Section 4 the algorithm for
the automatic scene exploration is pre-
sented, and finally, Section 5 discusses
the results and concludes our work
pointing out some lines of future work.

2 Previous Work

Colin [2] presents a method to select a
good view to observe a scene modeled
with an octree. This method chooses
the view which shows the highest a-
mount of voxels, according to two dif-
ferent visibility measures, one exact
and another one approximate. Ka-
mada and Kawai [3] consider a view-
ing direction to be good if in a pro-
jection, parallel line segments on a
plane in 3D project as far away from
each other as possible. Intuitively,
the viewer should be as orthogonal as
possible to every face of the 3D ob-
ject. As this is not possible, they sug-
gest to minimize (over all the faces)
the maximum angle deviation between
a normal to the face and the line of
sight from the viewer. However, this
method fails when comparing scenes
with equal number of degenerated fa-
ces and it does not ensure that the
user will see a large amount of de-
tail [4]. Plemenos and Benayada [5]
extend Kamada’s definition. They con-
sider a direction to be good if it min-
imizes the maximum angle deviation
between a normal to the face and the
line of sight from the viewer and it
also provides a high amount of de-
tail. If only the first condition is satis-
fied, it does not ensure that the view
will not hide important information
of the scene. Therefore, they add an-
other parameter to the maximizing
function which accounts for the de-



tail seen. The parameter added is the
number of visible faces from a view-
point. Then, a function which com-
bines both parameters is created. Bar-
ral et al. [4] present a method for the
automatic exploration of objects or
scenes. This method is based on the
good view concept definition presented
in [5]. In this case, the goodness of a
view is computed by defining a new
importance function that depends on
the visible pixels of each polygon. An
extension of this method can be found
in Dorme [6], where an extra param-
eter, the so-called exploration param-
eter is added in order to avoid taking
into account faces that have already
been shown to the user. However,
there remain problems with objects
containing holes, as these are not cap-
tured properly by the algorithm.
Marchand and Courty have pre-
sented a general framework that al-
lows the automatic control of a cam-
era in a dynamic environment [7]. The
proposed method is based on the vi-
sual servoing or image-based control
approach. Visual servoing consists in
specifying a task (generally position-
ing or target tracking tasks) as the
regulation in the image of a set of vi-
sual features. It consists in position-
ing a camera according to the infor-
mation perceived in the image. The
camera is placed in an arbitrary po-
sition and then must react in an ap-
propriate and efficient way to modifi-
cations of the environment. Bourque

and Dudek [8] describe a system for
the automatic construction of image-
based virtual realities to represent a
real environment. The criterion used
to determine the importance of a view
is based on human attention.

Freeman has exploited the generic
viewpoint assumption to address shape
from shading problems. The generic
viewpoint assumption states that an
observer is not in a special position
relative to the scene [9]. It is com-
monly used to disqualify scene inter-
pretations that assume special view-
points, thus, it can be used to avoid
ambiguities [10]. The Design Galle-
ries™ (DG) system [11] is a method
to automatically set parameters for
computer graphics and animation. The
authors focus on the problem of pa-
rameter tweaking, concretely: light
selection and placement for image ren-
dering; opacity and colour transfer-
function specification for volume ren-
dering; and motion control for parti-
cle system and articulated-figure ani-
mation.

Vézquez et al. [12] have presented
a measure, viewpoint entropy, based
on Shannon’s entropy [13]. In that
paper, the authors present an algo-
rithm for the exploration of objects
that uses viewpoint entropy. Unfor-
tunately, this method is only suitable
for single objects as the navigation is
carried over a bounding sphere. More-
over, there is the possibility of not ex-
ploring all important parts of an ob-



ject if certain viewpoint is surrounded
by very low informative regions.

Some commercial products such as
QuickTime VR [14] offer panoramas,
which are 360 degrees images taken
from a single point of view. How-
ever, the user is restricted to camera
movements of rotation and zooming,
it is not possible to freely navigate
and therefore the information shown
depends on the initial photographs ta-
ken. Moreover, the user must jump
from one to another viewing position
and therefore it is possible to loose
the notion of the structure of the scene
after some jumps.

3 Viewpoint Entropy

The Shannon entropy [15, 13] of a dis-
crete random variable X with values
in the set {aq, as, ..., a,} is defined as

H(X)=-) pilogp;,

i=1

where p; = Pr[X = q;, the loga-
rithms are taken in base 2 and p; log p;
is equal to 0 for p; = 0 for continuity
reasons. As — log p; represents the in-
formation associated with the result
a;, the entropy gives the average in-
formation or the uncertainty of a ran-
dom variable. The unit of informa-
tion is called a bit.

Based on this measure, Véazquez
et al. [12] have presented a new mea-
sure, dubbed wviewpoint entropy, that

can be understood as the amount of
information seen from a point from a
scene (see also [16]). Given a scene
S if we suppose the information we
deal is the projected area of each face,
viewpoint entropy from a point p can
be calculated by projecting all the fa-
ces of the scene onto the viewing plane
and adding the contributions of each
face. Therefore, we can modify Shan-
non entropy taking as probability dis-
tribution the relative projected areas.
This will result in formula 1:

NioAo A
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where Ny is the number of faces
of the scene, A; is the solid angle of
the projected area of face ¢ over the
sphere, A, represents the projected
area of background in open scenes,
and A, is the total area of the sphere.
In a closed scene, or if the point does
not see the background, the whole
sphere is covered by the projected ar-
eas and consequently Ay = 0. Hence,
A;/A; represents the wvisibility of face
1 with respect to the point p. It is im-
portant to remark that the area A;/ A,
is proportional to the cosine of the an-
gle between the normal of the surface
and the line from the point of view to
the object, and it is inversely propor-
tional to the square distance from the
point of view to the face. Therefore,
A; /Ay grows when the face is seen at



a better angle and at a shorter dis-
tance.

The maximum entropy is obtained
when a certain point can see all the
faces with the same relative projected
area A;/A;. So, if the viewpoint does
not see the background, we will have
a maximum entropy of log N;. By op-
timizing the value of entropy in our
images, we are trying to capture the
maximum number of faces under the
best possible orientation. We define
the best viewpoint as the one that has
maximum entropy, i.e. maximum ge-
ometric information captured. This
measure has been used for the ade-
quate selection of views of molecular
models [17]. The computation of the
viewpoint entropy can be done with
the aid of graphics hardware using
OpenGL, in a similar way to Barral et
al [4]. The projected area of each face
is computed by summing all the pix-
els that belong to that face, weighted
by the solid angle subtended by the
pixel. To distinguish between the dif-
ferent polygons, the faces are colour-
coded in an item buffer, and to cover
all the surrounding of a viewpoint six
different views are used.

4 Automatic Indoor
Scene Exploration

Viewpoint entropy has already been
employed to automatically explore sin-

gle objects. In that case, a camera
was set to lie on a bounding sphere
around the object and pointing to the
origin, and therefore, only two degrees
of freedom were allowed [12]. For in-
door scenes, the camera ideally should
have six degrees of freedom because
there is information in all the direc-
tions of sight, but, as this would lead
to perform not very natural moves,
we will restrict the possible rotation
directions. This way, the walkthrough
simulates a human path. Moreover,
there is also the problem of collision
detection, as the camera should not
pass through objects.

We have designed an algorithm for
the automatic exploration of indoor
scenes. Its objective is to navigate
through the environment to progres-
sively show all the present informa-
tion to the user. The navigation stops
when there is nothing new to discover,
or when the algorithm is unable to
find new information.

4.1 Camera Movement

As we have mentioned, when a viewer
is placed in a closed environment, there
is information in all 6 directions of
sight. However, in order to avoid un-
natural movements of the camera, we
will restrict the user to be at a con-
stant height from the floor and the
three possible movements, as shown
in Figure 1, will be:



e Move forward.

e Turn right.

e Turn left.

Figure 1: The initial camera and its
possible new positions.

Initially, the camera is placed some-
where in the scene and the system au-
tomatically starts its navigation. The
exploration path will be guided by vi-
ewpoint entropy. From the possible
movements of a camera, we will se-
lect the one with maximum viewpoint
entropy that comes from the not yet
visited faces, that is, the new view
which provides the maximum amount
of new information. For equal val-
ues, we take the first one. We store a
bitmap that encodes the already vis-
ited faces. To select a new view we
will consider only the faces that have

not been wisited yet, so the measure
of entropy will only take into account
the faces not visited, the other ones
will be counted as background. This
ensures the exploration path will be
adding new information to the user.
As stated in [12], viewpoint entropy
properly weights number of faces and
projected area.

In order to decide which view to
choose, the possible views are first ren-
dered using the OpenGL back buffer
and their viewpoint entropy analyzed.
Furthermore, to create a natural path,
the rotation movement will be restric-
ted not to go back again, that is, if the
previous movement was a rotation to
the right, the following one can not
be a rotation to the left, so, in some
cases we will only have to inspect two
possible new directions. The original
definition of viewpoint entropy mea-
sures the information that arrives to
a point inside a scene from each direc-
tion of sight. As the information we
need to measure is the one that ar-
rives to the user of the walkthrough,
the only that is really measured is the
information that lies inside the view-
ing frustum, hence, only a rendering
and entropy calculation per possible
camera position and orientation is nec-
essary. This allows to perform an in-
teractive navigation with a 400 x 400
window size in a modest PC (P-III
with 320 Mb. and a 32Mb. NVidia
Riva TNT2) with no acceleration op-
timization.



4.2 Stopping Condition

The algorithm must stop the explo-
ration when all (or almost) of the in-
formation has been communicated to
the user. This can be detected us-
ing the array of visited faces. When
its number is equal to the number
of faces of the scene, the exploration
has finished. However, it is difficult
to reach this condition, because some
of the faces may not be visible from
any camera position. Recall that we
are moving the camera at a constant
height, some of the polygons may be
invisible for such a camera. See for in-
stance Figure 1, for a camera placed
at the height of a human head, the
polygons forming the bottom part of
the table or the chairs will not be vis-
ible. On the other hand, they con-
vey possibly not important informa-
tion. Therefore, the condition must
be somehow relaxed. We have found
that a threshold of 80% to 90% of the
faces is a good threshold for several
models.

In some other cases, the scene is
too complex because there are some
unreachable regions. For these cases,
as well as simple scenes with a lot
of faces hidden by other objects, we
need to avoid an infinite path. Our
algorithm accounts for the number of
recent steps where no new informa-
tion was detected (see Section 4.3).
When this number exceeds a thresh-
old, it stops.

4.3 Exploration Algorithm
Details

As it has been explained, our algo-
rithm works the following way. The
camera is placed at an initial posi-
tion and, for each camera movement,
the viewpoint entropy of the possible
new positions is analyzed. The fol-
lowing position will be the one pre-
senting a higher value of viewpoint
entropy coming from faces that have
not been visited. This will prioritize
the new faces which project a larger
area, because they are more informa-
tive. However, at this point a new
problem arises.

Sometimes the camera has visited
all visible faces of a region (say for ex-
ample a room) but there is other in-
formation not reachable by a simple
rotation or forward movement. This
situation easily happens after a for-
ward movement, as likely most of the
faces present in the previous view are
still visible. To cope with this situ-
ations we have added a distance pa-
rameter that determines how far the
analyzed views are from the current
one. Each time a new decision has to
be made, two or three new views are
inspected. Usually they are placed
near the previous one (for example at
2 or 3 degrees of rotation or steps in
world coordinates for forward move-
ments). The term that indicates how
far is placed the new camera posi-
tion is called distance, and may be



changed for each scene if a different
one is required. For each new frame
the real rotation of the camera is cal-
culated as

rotY = currotY +incDist * distance

where currotY is the current Y an-
gle, and incDist is a term with an
initial value of 1. If no new infor-
mation is added in a certain frame,
we increment incDist in 1. That is,
the following step, the views analyzed
will be further than were the previ-
ous ones. This ensures a larger ra-
dius of exploration in search of new
views than if the distance was con-
stant. If incDist is not 1, when a new
face is found, it is decreased. If in-
cDist reaches a high value, it means
that we are not going to find any new
information, therefore we stop. The
value it must reach depends on the
value of distance. If distance is for
instance 5, it means that each evalu-
ation will be done at five degrees of
our current orientation and five steps
forward with the same actual orien-
tation. If distance is 5 and incDist
is 5 it means that the view that will
be inspected is at 25 degrees from the
current one.

4.4 Results

We have implemented the algorithm
detailed above and in Figures 2, 3, 4,
and 6 we show some results. We have

Figure 2: Exploration of the Berkeley
soda hall. The points in light green
are the camera positions. The initial
and last points of the navigation are
indicated.

drawn the camera positions with a
square point and the direction of sight
at each moment with a line starting
from this point. Our exploration stops
when more than 80% of the faces are
visited. In Figure 2 we can see an
exploration of the well-known model
of the soda hall. The camera is ini-
tially placed at a height similar to the
one of a person, so it flies over the
tables. For forward movements, we
must avoid to traverse the walls of the
model. This has been solved using a
fast simple bounding sphere collision
detection algorithm. Figure 3 shows
a detail of the path.

In Figure 4 we can see the explo-
ration path of a classroom. The ini-
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Figure 3: A detail of the exploration Figure 4: Classroom exploration
of the Berkeley soda hall. For the path.

sake of clarity, we have marked in
white some of the camera positions

R - of the polygons have been visited, or
and viewing directions.

when it finds difficult to find any new
polygon. To avoid missing important
tial and final camera positions are mar- regions, when no information is found,
ked. In Figures 5 and 6 show two the positions are inspected in the back-
details of the path. The camera po- ground are placed further than just a
sitions are drawn as points and the simple step. This system may avoid
orientations are drawn as lines and an early termination of the search if
some of them are marked in white for the neighborhood has already been
the sake of the visual clarity. Notice visited, in this sense it is slightly bet-
how the camera avoids collisions with ter than previous approaches (see [6]).
walls (Figure 6). No previous knowledge of the scene is
required, only a correct initial place-

. ment of the camera is required to give
5 Conclusions and the exploration path a more ”human”

Future Work behaviour. In the future we want to
improve our method with some kind

We have presented a new method for of adaptive height, in order to allow
the automatic exploration of indoor the camera to go upstairs and down-
scenes. It is capable of automatically stairs if the model requires it so.
navigating inside a model until most
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Figure 5: Overview of the classroom
exploration. Some of the camera ori-
entations are marked with a white ar-
TOW.
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