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Abstract

The computation of good viewpoints is important in several fields: computer graphics, removal of degeneracies

in computational geometry, robotics, graph drawing, etc. However, in areas such as computer graphics there is
no consensus on what a good viewpoint means and, consequently, each author uses his or her own definition

according to the requirements of the application. In this paper we present a formal measure strongly based on

Information Theory, viewpoint entropy that can be applied to certain problems of Computer Graphics such as
automatic exploration of objects or scenes and Scene Understanding. e also define a new measure, the orthogonal
frustum entropyin order to fulfill the requirements needed to visualize molecules. We design an algorithm that

makes use of graphics hardware to accelerate computation, and whose complexity depends mainly on the number

of views we want to analyze. Computation of good views of molecules is useful for molecular scientists, a field

which includes practitioners from Crystall ography, Chemistry, and Biology.

1. Introduction tropy in order to cope with orthogonal projections (the kind
of projections used by molecular science practitioners, who
belong to several fields, such as Crystallography, Chemistry,
and Biology) and see how this measure can be applied with
molecules. A hardware-based algorithm which computes a
solution with user-defined approximation is then presented.

In the scientific world we often deal with three dimensional
data. Unfortunately, in most cases, we only have at our dis-
posal 2D media (e. g. images) to inspect it. Therefore it is
frequently desirable to obtain 2D representations that allow
us to understand the elements being studied. This problem
appears in several fields: computer graphics, graph drawing, The rest of the paper is organized as follows: In Section 2
data visualization, knot theory, robotics, etc. Despite that, we study the meaning of the tergood view in different
the goodness of a 2D representation (a view or image) can fields and present the main features of the problem we ad-
be differently evaluated depending on the problem we have dress: molecular visualization. Section 3 presents the mea-
in mind. As an example, certain views which are good for sure ofviewpoint entropy and introduces two new measures
Image-Based Modeling purposes can be useless for objectio deal with images that do not cover 360 degrees, the latter
recognition. specially adapted for the case of molecular models. In Sec-
In this paper we present a measure, thevpoint en- tion 4 we present our hardware-based algorithm and show
tropy, that can be seen as the amount of information of a the results, and finally, in Section 5 we discuss our achieve-
scene that can be captured from a point. Viewpoint entropy Ments and point out some lines of future work.
has been used in a previous work to address some prob-
lems in computer graphics, such as Scene Understanding or.
automatic exploration of objects or scelfe$Scene under-
standing techniquésdeal with the problem of selecting a  Scientific practitioners frequently need to visualize 3D data.
set of images that are enough to make the user understandGenerally, only a 2D displaying method, e. g. pictures or a
the scene being represented. We will modify viewpoint en- computer screen, is available. This poses some difficulties in

. Previous Work
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recognizing or understanding the objects being analyzed asand photometric entropy is found for each segment. The seg-
the projected 2D images may have different topology to the ment with the minimal entropy is chosen to select the next
3D counterparts, or might not show enough information of best view. This method assumes that by moving the cam-
the scene or object. On the other hand, certain 2D projec- era to observe the segment containing the least information
tions have some characteristics that make them useful for in- better, more information about the scene will be captured.
specting 3D objects, which are called eithere, or regular, Silhouette-based methods can often compute next best views
or simplygood projections. There are a number of different more quickly than search-based approaches. However, it is
criteria that describe this notion gbod view depending on not always possible to generate an accurate silhouette in an
the application in mind. image for an arbitrary (for example indoor) scene.

Automatic selection of good viewpoints has recently ~ There are few papers which refer to the viewpoint se-
started to receive great attention in Computer Graphics due lection process for Image-Based Modeling, however, most
to the emergence of Image-Based Rendé?if@ tech- papers select a fixed set of cameras placed in arbitrary
niques. As the data is volumetric, then the occlusion prob- Positions 1210, Sturzlinget* creates a method for sampling
lems that arise are harder to solve than in computational all visible surfaces but does not address the problem of ad-

geometry®. equate coverage. Fleishmeinal® present an algorithm that
) ) adequately samples the surfaces visible from a certain walk-
Kamada and Kawéiand Roberts and Marsh#lconsider |ng region by p|acing the camera on a |arge number of po-

a direction to be good if it minimizes the number of degen-  sijtions on the boundary of the walking zone. The coverage
erated faces when the scene is projected orthogonally. How- quality criterion for a polygon is based on its projected area
ever, this condition is not sufficient because it fails when ona hemisphere for a camera position_ The set of cameras is
comparing scenes with equal number of degenerated facesselected by choosing the cameras that sample a higher num-
and it does not ensure that the user will see a Iarge amountper of p0|ygons atan appropriate rate, which does not ensure
of detail, as discussedZnBarral et & and Dormé mod- that the amount of information they provide from the scene
ify Kamada’s coefficient in order to cope with perspective s high. If we had a scene with certain regions covered with
projections. Then they create a heuristic with some other pa- a ot of very small polygons, this method could first sample
rameters that weigh both the number of faces seen from eachparts of the scene that cover small areas instead of choosing
point and the projected area, moreover they add an explo- other regions which cover larger portions of an image with
ration parameter which accounts for the faces already Vvis- |ess (or closer) polygof$ 16. Hlavac et & use a set of im-

ited. However, they admit that they have not been able t0 ages to represent an object. They choose a set of reference
determine a good weighting scheme for the different factors. images positioned around the object in intervals that guaran-
This causes some problems with objects containing holes, astee error bounds below some threshold when interpolating
these are not captured properly by the algorithm. Vaz@tiez  intermediate views. This method is not intended to measure
al1é present an Information Theory-based measure called the quality of a view, as each image is compared with the
viewpoint entropy which can be used to determine which previous one and only chosen if the degree of dissimilarity
points of view in a scene show higher information. is high enough. So it is not possible to evaluate the goodness

In robotics literature, the goal of selecting a small set of of completely different projections from the same scene.

cameras which allow us to observe the whole object has also  Knot theory, graph drawing, and computational geometry
been studied under the name of sensor planning or next bestusually deal with ideal objects consisting of segments and
view selection. Different assumptions are made in next best pointg®. This is not suitable for molecules as the volume of
view systems to simplify the problem. Several systems re- the different atoms encodes its actual covalent radius.

quire a CAD model of the scene to be known a priori. The

two main approaches are: search-b_ase_d and_ sHhouette-basec&lll Molecular Visualization

Search-based methods use optimization criteria to search a

group of potential viewpoints of the next best view. Many of Molecular scientists are concerned with obtaining good
these methods employ range images to carve away voxels inviews of molecules, which allow them to infer their chemical
a volumetric space. Wong all” present an algorithm that  or physical properties. In this case, we have three conditions:
searches all possible viewpoints, and selects the next best
view as the one that can carve away the most empty space
voxels. This system is effective, but as pointed out by Mas-
sios and Fishét, such an approach may result in views that
observe surfaces at very oblique angles. Other approache
use the silhouettes of objects. For example, Abdbvel-

ops a method that employs information theory. For a given
view, a silhouette is divided into segments of equal lengths.  Unlike computational geometry approaches, where a
Then, an information measure that computes the geometric good view is enough, we seek for an optimal projection, as

1. Molecules are rigid objects.

2. Atoms (vertices) and bonds (edges) have a volume, they
are therefore represented as spheres and cylinders respec-

< tively.

3. Information is encoded in the colour of the atoms and the

size of their radius.
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sphere of directions

we want to see all the elements of a molecule under the better

projection. The good viewpoints of a molecule consist both JA\
of the points where we see most of the atoms and bonds
and the ones which show how the molecule is ordered in -u- <
space. We will show in Section 3.3 that they correspond to
the points with maximum and minimum orthogonal entropy
@

(the ones which provide maximum and minimum amount of

information respectively). Figure 1. Computation of the viewpoint entropy by project-
ing the objects onto a bounding sphere of the viewing point.

3. New Measures projection plane

In this section we present an Information Théghymea-
sure, viewpoint entropy. It was first introduced by Vazquez
et al’6 and can be interpreted as the amount of information of
a scene which can be seen from a point. Viewpoint entropy
takes into account the number of faces and the projected area
in a virtual scene. Our concept of information is based on

visibility. Figure 2: Only the objects inside the frustum volume are
considered for the entropy computation.

3.1. Viewpoint Entropy must consider two cases, the one where we have a perspec-
) ] ) ] tive projection (either coming from real world or from a vir-

Viewpoint entropy is based on an Information Theory mea- {51 scene), and the one where we deal with orthographically

sure, the Shannon Entropy. The Shannon Entropy ofadis-  projected images (which are equivalent to a perspective pro-

crete random variable X with values in the saf {ay, ..., an} jection with the point of view placed at infinity). To obtain
is defined as such measures, we use the viewpoint entropy as a basis. For
n the perspective case, the measure is the same and we only
H(X)=— Zpi log pi have to changg the tote}l solid angle of the sphe_re tq the to-
i= tal area of the intersection of the frustum pyramid with the

sphere. For the orthogonal case we have the same formula
but the pixels must not be weighted by the angle they sub-
tend. Thus, to measure tloethogonal frustum entropy of a

view we can apply the following formula:

where p; = Pr[X = g], the logarithms are taken in base 2
and whenp; = 0, pjlogp; is O for continuity reasods'. As
—log pi represents thimformation associated with the result
a, the entropy gives thaverage information or the uncer-
tainty of a random variable. The unit of information is called Ni N -

a bit. Let sceneS consist of a set oNs faces. We are go- lo(Sp) =- Np,lx' * |09%7 (2
ing to use as probability distribution the relative area of the i=0 TP e

projected faces over the sphere of directions centered in thewhereNiy, is the number of the projected pixels of face

viewpointp, as in Figure 1. Thus, theewpoint entropy of a and Npix. is the total number of pixels of the image. This
point p from a scen&is defined &s: measure is appearance-based in the sense that it only mea-
N sures what we can really see. This means that we will apply
_ L A | A formula (2) to the objects that project at least one pixel on
I(Sp)=- an Ogﬁ (1) th -
S e screen, thus, perceivable by an observer.

whereA is the projected area of faéeand 41 is the solid
angle of the sphere. Henca,/4M represents theisibility 3.3. Good viewpoints of a molecule
of facei with respect to the poinp. Wheni = 0, the area
projected is the background. This is needed to have a well-
built probability distribution function (cf. Vazque al'6).

In this section we analyze the requirements of molecular vi-
sualization and see how they can be fulfilled using the or-
thogonal viewpoint entropy measure.

A good viewpoint can be defined as the one that gives
3.2. Perspective frustum entropy and orthogonal more information about the scene (Vazquetzl®). Two
frustum entropy cases are specially important for molecular scientists:

In many cases what we really want to measure is the amount 1. Projections with high orthogonal entropy of single
of information provided from a single image that does not molecules: they give a lot of information about the
cover all the sphere of directions, as this is the way we usu-  molecules being observed. Thus, these projections allow
ally obtain the 2D representations. In order to do this we us to see most of the atoms composing the molecule and
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Select a set of points placed in regular positions all around
the object
for all the pointsdo
Compute the orthogonal entropy and store it
Store a bitmap encoding the visibility of the faces from
the point
end for
Order the points in decreasing viewpoint entropy
Select the first point  {the one with maximum orthogo-
nal entropy}
Accumulate the visited faces in a bitmap
i+~ 0
whilei < totalPointsand not finisheddo
if numFacesNotSeah(> thresholdthen
Select poini
Accumulate the visited faces in a bitmap
finished«— isFinished(numberofVisitedFaces)
end if
i—i+1
end while

(c) lo = 4.5550 (d) lo = 2.0805
Figure 3: Figures (a) and (c) show the points of maxi-
mum orthogonal entropy of a molecular representation of

Figure 4: Algorithm that computes the set of view with high
entropy of a molecule and which covers all the elements.

Ru(I11) trichloro-2,2':6',2"-terpyridine and an arrangement 4.1. Datarepresentation
of the same molecule. Figures (b) and (d) show the respec-
tive points of minimum orthogonal viewpoint entropy. We have a model composed by spheres and cylinders, and in

the distances and angles of the bonds. These features ar&duations (1) and (2) the elements we project are faces. We
relevant for molecular scientists because they help to in- Usually assume that we have scenes composed by polygons,
fer chemical properties of the molecule. and elements such as spheres or cylinders are discretized.

2. Projections with low orthogonal entropy of arrangements 11iS iS due to the fact that the usual scenes can have differ-
of the same molecule: The ordering in space determines ent optical properties for different polygons, and thus we are

physical properties of the molecules, which can then be interested in capturing the information thfe whole scene.
discovered by scientists from these views.

In Molecular Visualization, atoms and bonds look the same

] o ) ) from all points of view. Consequently, when we see an atom
A single projection of maximum entropy might not be  \ye know how it will ook from the back side. That's why we

enough to represent all atoms and bonds. In Section 4 we 4o not need to discretize the scene. Equivalent results are ob-

present a hardware-based algorithm that finds the minimum (5ineq if we discretize in equal sized triangles for same sized

set of images that shows all these features. The best image isobjects (otherwise it would lead to errors as the orthogonal

the one which maximizes the information provided. In Fig- entropy of two faces discretized in different manners has also

ure 3 we can see a representation of a Rutenium compound gjfferent values). The finer the discretization the better the
seen from the position of maximum entropy, and insgen results would be.

from the point of minimum viewpoint entropy. Note that in )
3a all the components of the molecule are visible. The re- _ We assume the molecule is centered at po®D,0).
spective arrangements of several of these molecules appearf© compute the best viewpoints we use the algorithm that

in 3c and 3. Note that in 8 it is easy to perceive a regular ~appears in Figure 4. Orthogonal entropy is computed by
ordering in some direction. colour-coding the faces in an item buffer. The images are

captured by a camera placed in the current position and
pointing to the origin. Then, orthogonal entropy is calcu-
lated by summing up all the pixels with the same colour (i.e.
With today’s technology, powerful graphics cards are afford- all the pixels coming from the same face) and applying (2).
able for low-end personal computers. They permit the design Then, the viewpoints are ordered in decreasing entropy and
of algorithms using OpenGL and, consequently, rendering a loop selects the points with high entropy which see a cer-
can be done in real time. In this section we show a hardware- tain number of faces (above a threshold) not yet visited. The
accelerated algorithm which enables us to compute the or- threshold can depend on the number of not yet visited faces,
thogonal entropy of an image in milliseconds without major to ensure we cover all the faces and to avoid adding views
optimizations. which show only one new atom or bond.

4. Hardware-based orthogonal entropy computation

(© The Eurographics Association 2002.
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4.2. Results

We have evaluated our algorithm with different molecules.
Molecular scientists need to visualize first the molecule all
alone and then a group of them ordered in space. Two kinds
of viewings are interesting, the ones that show a lot of de-
tails on the molecule and the ones which allow us to see
how it is ordered in space, these correspond to the ones
which present low entropy. Consequently, our implementa-
tion searches the points of high orthogonal entropy and also
the points of low orthogonal entropy. In Figura &e see a
molecular representation of a tetrabromic salt from the point
of maximum orthogonal entropy. This view allows to see that
this crystal packing generates channels between molecules
Their proximity permits to infer the presence of intermolecu-
lar hydrogen bridges. Although higher resolution would ob-
tain slightly better images (with the back atoms completely
occluded) this is not a severe drawback as the ones obtaine

are already good enough for the users, as they also enable us

point Entropy

@)

(b)

Figure 6: Figures (a) and (b) show the minimum entropy
views of the molecular representations of two Carbon forms,
‘graphite and diamond respectively. From these views molec-
ular scientists can infer the resistance to physical pressure.

Whilediamond is very strong due to the bondsin three direc-

dti ons, graphite’s layered structure makes the molecule easily

exfoliable.

to see that there are some more atoms in the back side. Fig-

ure % shows the same molecule from the minimum entropy
view. Figures § and & show the points of maximum and
minimum entropy for an arrangement of the same molecule.
In Figure 6 two forms of Carbon are shown. FigueesBiows

a graphite and FigurebGa diamond. Note that the arrange-
ment into layers of graphite may indicate that there is a di-
rection of easy exfoliation of the molecule (as it really oc-
curs) while the structure of diamond with bonds in different
directions of space make it a strong molecule.

(©) lo = 2.593

(d) 1o = 1.104

Figure 5: Figures (a) and (b) show a molecular represen-
tation of a tetrabromic salt of a hexaazamacrocyclic ligand
seen from the points of maximum and minimum entropy re-
spectively. Figures (c) and (d) show the views of maximum
and minimum entropy for a set of these molecules.

(© The Eurographics Association 2002.

4.3. Performance

The complexity of our approach depends mainly on the num-
ber of views being evaluated and the image size. It depends
only weakly on the number of faces of the model, and mod-

els with several hundreds of faces behave like models with
several thousands. Our algorithm has several advantages:

e The number of views selected for evaluation can be cho-
sen by the user.

e The number of resulting views can be also set by the user.

e Adaptive methods can be applied to find better results.

As the entropy is defined as a continuous function, adap-
tive methods could be used to improve the results produced
by a sparsely sampled first evaluation. For a resolution of
400x 400 pixels, we obtain a performance of 17-18 fps on
a AMD-K7 processor at 700 MHz. We used a Riva TNT2
graphics card and the algorithm worked in the front buffer,
and no optimizations are made. Several improvements can
be applied if we are seeking for better frame rates, such as
the use of bounding boxes to accelerate image analysis, vis-
ibility preprocess, etc.

The process of synthesizing a molecule is very complex.
It consists of two main steps: Synthesis and purification of
the molecule, and the characterization step where an X-ray
diffraction process generates the crystallographic data. This
is the model we visualize. The whole process can take sev-
eral years, but the characterization step can be obtained in
a period which varies from several hours up to more than
one week. When the model has been created, our algorithm
can compute the optimal views in a couple of minutes, so if
we add our method to the characterization pipeline its cost is
negligible. As an automated process did not exist, scientists
had to spend up to several hours to obtain a good view with
the common tools.
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5. Conclusions and Future Work 6.

Visualization of molecules is relevant for molecular science,

a discipline which falls in several areas such as Crystal-
lography, Chemistry, and Biology. Obtaining such views is 7.
time consuming for molecular scientists. In this paper we
have presented a new approach that computes automatically
good viewpoints of a molecule. First, we have introduced a
new measure, therthogonal viewpoint entropy. Then we

have designed a hardware-based algorithm that automati-
cally obtains good views in a couple of minutes using this
measure. The results obtained by the algorithm are a set
of views which fulfill the requirements of molecular visu-
alization: they reveal most of the detail of the molecule, and
show how it is ordered in the space. The user can set the
level of approximation of the algorithm, as well as the num- 9.
ber of resulting images he or she wants to obtain. In most
cases the views generated by our application can completely
replace human involvement, otherwise, for highly complex
compounds, they are a good starting point. It also provides
several views that could be missed by scientists and it has
proven to greatly simplify the chemist work.

In the future we will study the particular requirements of

the visualization of DNA models, as they have several simi- 11.

larities with the problem addressed in this paper. Besides, we
will study adaptive methods to compute orthogonal entropy.
Moreover, some improvements that have been suggested are

the computation of rotations around certain axes and the vi- 12.

sualization of bonding angles.

13.
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