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Abstract

This thesis explores a novel approach for interactive visualization of macromolecules, in which only
regions of interest are rendered with high quality, leaving the remaining regions with lesser visual details.
The algorithm uses both rasterization and ray tracing techniques to, together, generate the visualization
of objects on the scene.

Our visualization is a new alternative to the existing molecular analysis software, more suitable
to analyze areas of interest, by focusing those zones and granting better performance, hence allowing
more interactivity capabilities.
Keywords: Macromolecules, solvent excluded surface, interactivity, ray tracing, implicit surfaces,
level of detail, binding sites, GPU, regions of interest

1. Introduction

This project fits in a cooperative program from the
University of Texas at Austin, University of Beira
Interior and Instituto Superior Técnico, named A-
MOP - Algorithms for Macro-Molecular Pocket De-
tection. Laboratory drug design based on structure
consists in predicting which drugs act as ligands
to a given protein. When this happens, the con-
nected protein suffers changes on its functionality.
To check if a ligand can connect to a protein, it
is important to analyze the molecule binding sites.
The problems are to correctly identify those sites
and being able to visualize it interactively. There
are already some binding sites detection algorithms
such as Fpocket[14] and LIGSITE[12], but there is
still lack of proper visualization techniques to this
purpose due to the size of macromolecules, which
causes excess of information and low performance.

1.1. Motivation

The motivation behind this work is based on the
need to have better molecule interactive visualiza-
tion techniques, in which algorithms that select
zones of interest like cavities detection algorithms
can be used to simplify the visualization. With
such information, it is possible to reduce the excess
of a complete molecule representation’s data that
are atoms farther away from selected areas. This
can be achieved by granting different levels of de-
tail depending on whether an atom belongs to the
region of interest. This variant level of detail tech-

nique would also help users to focus their attention
in zones that are considered important. The usage
of low detailed surface in areas of the molecule also
grants a faster rendering and therefore gaining a
better frame rate and interaction capability.

A visualization that offer this capability of inter-
action and different levels of detail based on zones
of interest would certainly help drug laboratories,
since that drug search for a disease would be eas-
ier and faster by using the filtering and analyzing
capabilities of this visualization.

1.2. Objectives and contributions

The goal of this thesis is to provide a level of detail
based technique that allows the users to visualize
regions of interest of a molecule. In this project,
without loss of generality, the considered molecule
features are protein cavities. The objective is to
grant greater level of detail in those parts of the
protein than remaining zones. The visualization
should be interactive which requires a decent frame
rate, about 25 frames per second, allowing the user
to explore the molecule in real-time. To reach this
goal, different techniques were studied, tested and
benchmarked to determine which are the ones that
allow such visualization.

The reference that we take as state of the art so-
lution is Parulek et al. 2014 [19], which uses a hier-
archy clustering that has a very high creation time.
With our solution, we expect to avoid this prob-
lem and focus on the analysis of zones of interest,
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while having the same goal of allowing the users to
visualize and explore those high quality molecules
interactively.

1.3. Thesis Outline
Section 1 addresses the motivation and the objec-
tives of this thesis. Section 2 describes the necessary
theoretical background to understand the molecular
visualization field and the state of the art solutions
in section 3 and the implementation of the novel
proposed solution in section 4. Section 5 addresses
the experimental visual and performance tests ex-
ecuted and its discussion. Section 6 compares the
solution obtained with the initial thesis goals.

2. Background
Proteins are a big target of studies for different
fields, including drug design. Some proteins are ca-
pable of binding to other molecules, affecting its
functionality them. The connection made between
the antibody proteins and the viruses are called
binding sites. One point of interest is to study
where those binding sites are and their features, so
it can be found a protein that can neutralize the
undesired molecule. Scientist concluded that often
the binding sites are localized in cavities, which are,
often, also named as pockets.

2.1. Molecular Representations
In molecular representation, usually it is used im-
plicit and parametric surface representations. Im-
plicit surfaces are represented by equation 1, where
the domain is three dimensional and the result is
one dimensional. When the equation result is equal
to zero, the input point stands on the surface.
When the result is lower than zero, the point is
inside the surface and when it is higher than the
isovalue k, the point is outside the surface. The last
two cases can be swapped sometimes, depending on
the intended interpretation.

f(x, y, z) = k (1)

Parametric representations, on the other side,
have the ability to generate points if there are input
parameters. It can be represented as in equation 2,
where the left side of the equation represents the
resulting point and the right side is a calculation
that works with two parameters u and v.

(x, y, z) = F (u, v) (2)

The implicit function Van der Waals surface con-
sists of using an implicit sphere centered in atom
center position and with the radius corresponding
to the atom. More complex molecular representa-
tions, such as Solvent Accessible Surface (SAS) [15]
and Solvent Excluded Surface (SES) [10] are also
used in more detailed visualizations. Either one of

these two implicit surfaces are calculated by sim-
ulating rolling a sphere with the solvent radius on
the already existing Van der Waals atoms spheres.
As represented in figure 1, SAS is determined by
the center of the solvent. On the other hand, SES
uses the closest point to the Van der Waals surface.

Figure 1: SAS - SES representation differences.
Source: Krone et al. 2009 [13]

As described in Zhang and Feng work [26], gen-
eral implicit distance fields can also be used for
molecules. Those fields are based on functions that
take into consideration the distance between a point
and the atoms centers. The value returned by this
function is compared to a threshold value to de-
termine whether the implicit function involves the
point. There are different functions for this pur-
pose such as blobby molecules, metaballs and soft
objects. Each one has different arguments and re-
sult in slightly different representations. The main
reason to compare those functions is due to the dif-
ferent computational complexities.

2.2. Graphics visualization
In three dimensional graphical visualization, there
are two main rendering methods: rasterization and
ray tracing. Graphics pipelines that use rasteriza-
tion are based on projecting three dimensional ob-
jects into the camera view plane. Rasterization is
then performed, where pixels are drawn depending
on the depth of each fragment. Rasterization ren-
dering uses local illumination models, that consists
in directly calculate surface illumination by using
only light sources information.

The other rendering method is ray tracing [24],
a method that is famous for being a more realistic
approach and more detailed representation. Whit-
ted ray tracing algorithm [25] is based on creating
rays from the virtual camera position, that have
direction to each near plane pixel. Those rays in-
tersect objects in the scene, and new rays can be
generated, such as shadow feelers, reflection and re-
fractions rays, depending on the intersected object
material. The resulting color is calculated using a
shading model. In our work, we used Blinn-Phong
shading [21][8].
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When comparing these two methods, we can con-
clude that rasterization is usually faster since it is
based on fast and simple transformations, but ray
tracing provides a more realistic visualization since
it follows an approach which is closer to reality and
it also provides some features that are harder to get
in rasterization such as global illumination. How-
ever, ray tracing suffers in terms of performance,
mainly due to the number of rays that come out of
the camera and their intersection calculations with
the scene objects.

2.3. Implicit Surfaces
Rendering implicit surfaces visualization [9] is di-
vided into two different sets, the direct and the in-
direct methods. Ray-tracing, particle-based, non-
photo-realistic rendering and volume rendering are
some examples of direct methods. Those direct
techniques create a representation directly using the
surface equation. The indirect methods involve a
polygonization, which generates a mesh which can
be rendered or used to other purposes, like 3d print-
ing and 3d modeling since the mesh information can
be stored.

When applied to high level of detail objects, poly-
gonization loses its speed advantages and even fails
to represent finer detailed objects. Unlike poly-
gonization and rasterization solutions, ray trac-
ing techniques are independent on implicit surface
changes, at most acceleration structures need to be
updated. In terms of quality and fidelity to the real
surface, ray tracing often grants more realism and
loyalty that may depend on some parameters on it-
erative ray marching methods or approximations.

2.3.1 Polygonization

In terms of polygonization techniques, as described
in Araújo et al. 2015 [9] there are three types of ap-
proaches, the spatial decomposition, surface track-
ing and inflation and shrink-wrap.

The spatial decomposition consists on recursive
space divisions and storing the cells that contain
the surface. The surface tracking approach starts
by using an initial point of the surface and iterates,
querying the surface and generating a mesh of poly-
gons. Finally, the inflation and shrink-wrap meth-
ods consists on having an initial volume that ex-
pands or shrinks until it covers closest to the shape
of the surface.

Polygonization techniques are used to generate
a mesh that represents implicit surfaces that can
be rasterized in a fast way. The main problems of
using this method are the need to compute the mesh
every time the surface changes, less precision the
real implicit surface and high memory requirements
to highly detailed and large surfaces since it needs
to store the mesh vertices data.

2.3.2 Ray tracing

As described in section 2.2, ray tracing technique
grants a higher level of realism sacrificing perfor-
mance. Its main source of overhead lays on inter-
section calculations between rays and scene objects.
Since we are dealing with implicit surfaces, it is usu-
ally described by high complexity functions. There
are two surface finding methods: analytic and iter-
ative [23].

Analytic methods are based on equation solv-
ing, which is faster than the other two methods,
but there are no mechanisms to solve to equa-
tions higher than forth order polynomials. Iterative
methods are famous since they are independent of
the function used to describe the implicit surface.
It consists in testing values directly on the surface
function until the result is close to zero. The prob-
lem associated to this technique is the difficulty on
setting initial parameters.

John Hart in 1994 [11] introduced sphere trac-
ing which is an iterative surface finding mechanism,
that uses functions that return the minimal distance
from a point to the surface to set the step size of the
marching points. The algorithm consists in a loop
where it is calculated the distance function giving
as input the marching point. If the distance is lower
than a threshold value, that determine the level of
approximation to the zero, then it is returned an
intersection. Otherwise, as the figure 2 shows, the
step size is set by the distance returned by the func-
tion and the loop continues until the intersection is
found. This iterative method variation guides the
surface tracking, using the minimal distance to the
surface, it is guaranteed that there are no misses
in the search and even optimizing the number of
iterations needed.

Figure 2: Hart 1994 [11]: Sphere tracing algorithm

2.4. Acceleration structures

Acceleration structures are used in ray tracing to
minimize the amount of operations when calculat-
ing intersections [22]. In this project, there are some
variations since it is being used point marching in-
stead of using directly the rays. The scope of this
project does not involve molecular dynamics, this

3



means that the positions of the atoms are constant
during all execution time. Due to this assumption,
the construction of the acceleration structures will
not be address in great detail.

The acceleration structures used in this project
were utilized to collect the nearest neighbor atoms
around the point being tested in the sphere tracing
marching. This is the major overhead in the ray
tracing computation, affecting the capability of in-
teraction of the user with the visualization. The
acceleration structures used were Uniform Grid,
Bounding Volume Hierarchy and K-d tree.

2.5. Screen-space ambient occlusion

In order to improve depth perception in a scene
with an high amount of objects very close to each
other, it was used a technique introduced by Martin
Mittring [17], in Crysis 2 video game, named screen-
space ambient occlusion (SSAO).

The main idea of the algorithm is to darken frag-
ments which are surrounded by others that are
closer to the camera. The term occlusion is used
to quantify the amount of light that hit the frag-
ment. An occluded fragment is hit by less light,
while a less occluded is exposed to more light. In
this project it was used the John Chapman [6] mod-
ified version of Crytek algorithm.

3. State of the art

This section is divided into two subsections: state
of the art on molecular visualization and techniques
that use level of detail.

3.1. Molecular visualization

Julius Parulek and Ivan Viola [20] proposed a so-
lution to compute Solvent Excluded Surface (SES)
representation without any precomputations. Due
to this improvement, SES representation ray trac-
ing grants some level of interactivity, allowing to
change parameters values in real-time. Their solu-
tion generates a function that determines the min-
imal distance from a point to the surface. The
method starts by collecting the closest atoms to
the point being tested. Depending on the number
of closest atoms and the intersection between pairs
and triples of atoms, there is a different approach to
build the final function. In the case where there are
no atoms within the range, the resulting function
is determined depending on the solvent radius. In
case there is only one atom in the closest set, the
function used is Van der Walls. When exactly two
atoms are in the set, it is applied a toroidal implicit
function, and when three or more atoms exist, it
is used a more complex spherical triangle implicit
function as illustrated in figure 3. This SES imple-
mentation was the one used in our work.

Although SES representation is seen as the
most reliable molecular representation, Parulek and

Figure 3: Parulek et al. 2012 [20]: (a) Toroidal im-
plicit function; (b) Spherical triangle implicit func-
tion.

Brambilla [18] proposed a representation with vi-
sual results close to SES. The advantage of this new
algorithm is that it has linear complexity, which is
better than previous solution [20] cubic complexity.
Since that there is still a significant visual differ-
ence between this representation and SES (which
is considered by the community as one of the more
suitable for molecular analysis), this solution was
not used.

In 2010, Singh and Narayanan [23], proposed
adaptive marching points algorithm, which is based
on adapting marching point step size according to
the distance to the surface. The first step is to
get the two intersection points between the ray be-
ing processed and the near and far planes. Then,
the starting point of the marching point algorithm
is set to the near plane intersection point and the
step length is set to a default value. A cycle is it-
erated, checking first if the marching point has not
exceeded far plane intersection point. After that, a
root finding method is performed in order check if
there is a zero of the implicit function between the
current marching point and the next one. If a zero
is found, then this interval is isolated and solved.
Otherwise, the marching point is incremented by
using a function that depends on the value of the
implicit surface and on whether there is a silhou-
ette.

3.2. Level of detail based techniques
Parulek et al. 2014 [19] proposed a solution based
on applying different implicit surface representa-
tions based on the distance to each atom. Atoms
nearest to the camera are rendered with Solvent Ex-
cluded Surface representation, the next atoms are
rendered with Gaussian kernels and the more dis-
tant atoms are rendered using spheres. Linear in-
terpolation is used to connect the representations.
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The more distant atoms are grouped in clusters to
reduce memory requirements and to speed up the
rendering process. This clustering, however, takes
a long time to be created and it is a problem that
we avoid in our solution.

Figure 4: Parulek et al. 2014 [19]: Phospholi-
pase bound to lipid membrane with 2808 clusters
of atoms.

TexMol [7] is a molecular visualization software
that also applies a level of detail based technique,
although in a different way when compared to last
method described. Molecular data is classified and
generates an hierarchy. The lowest level of the hier-
archy have individual atoms, which are represented
with Van der Waals spheres. The second lowest
level, residues, which include amino acids and nu-
cleotides, are represented by the minimum bound-
ing sphere that contains all the atoms that compose
the structure. The third level has the molecular sec-
ondary structure, which contains helices, turns and
sheets. Helices and sheets are represented with sets
of cylinders and helices. Turns are displayed as the
atoms cluster that compose it. The last and higher
level are backbone chains that are represented as
the set of atoms that define the backbone chain.

Lee et al. 2006 [16] described a polygonization
level of detail technique that allows having good
frame rate when rendering large size molecules. The
first step of their approach consists in creating a
set of polygons for each molecular model. Then, it
is applied a molecular surface generation algorithm
that returns simplified models of some parts of the
molecule. The important molecular parts such as
active sites are not subject to this simplification al-
gorithm. Those models are classified and stored.
The models to be used are determined by analyz-
ing the running environment capability and by the
distance between the camera and molecular mod-
els.

4. Implementation

This work explores a novel approach for interactive
visualization of macromolecules, in which only re-
gions of interest are rendered with high resolution,
leaving the remaining regions with lesser visual de-
tails. The solution combines the advantages of poly-
gonization and ray tracing. The set of atoms de-
tected/classified as regions of interest are rendered
using ray tracing and a high fidelity representation,
such as Solvent Excluded Surface. The remaining
atoms are rendered with low quality polygonization
and rasterization, just to give a molecular context
to the user.

The final implementation uses C++, freeglut
2.8.1-1.mp for MSVC [4], GLEW 1.11.0 [5] and
CUDA Toolkit 7.5 [3].

The algorithm takes as input the whole molecule
pdb file containing the data of the position an ra-
dius of the atoms. In order to select the regions of
interest, other pdb files are parsed containing the
identifiers of the atoms selected as important.

The rasterization technique handles the rendering
of the atoms of least interest. Atoms that closer to
the camera than a defined limit distance are ren-
dered using mesh spheres and screen-space ambient
occlusion is applied to help the user depth percep-
tion. The atoms that are farther away than the
limit distance are rendered using billboards, which
dark according to the distance to the scene camera.

Some data of the rasterization technique is stored
in textures to optimize the sphere tracing algo-
rithm. That data is the depth buffer and the color
buffer used to render the zones of least interest.
The influence surface of the regions of interest are
also rendered in an apart framebuffer and its depth
buffer is also stored in a texture for later use in the
ray tracing step. The textures are made accessible
to CUDA code by using CUDA-OpenGL interoper-
ability functions.

The ray tracing technique is used to render the
atoms in regions of interest, by using sphere t rac-
ing to track the solvent-excluded surface applied to
those atoms. We used CUDA to exploit the mod-
ern GPUs capabilities for the ray tracing algorithm.
For each ray, a thread is created to handle the com-
putation of the corresponding pixel color. Threads
are organized in rectangle blocks instead of linear
blocks, since it attenuates divergence problems, in-
creasing performance.

For each thread, the stored depth textures from
rasterization step are queried in order to set the
starting and maximum depth of the ray marching.
The ROI spheres depth sets the initial depth, while
the spheres and billboards depth is the maximum
limit depth.

For each point of the sphere tracing algorithm,
the closest neighbor atoms are retrieved and the
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solvent-excluded surface function is calculated and
if the returned value is lower than a defined thresh-
old the surface is considered found, otherwise the
point goes forward using the returned distance
value. In the end, the pixel color is calculated using
Blinn-Phong shading and it is stored in the color
buffer to be finally rendered to the screen with the
final result.

The sphere tracing algorithm uses two thresh-
old values, one to check if the surface is considered
found and the other for the Newton-Raphson termi-
nation. Those thresholds vary according to the user
interaction. If the user is moving the camera, the
thresholds get thicker and if the camera is stopped,
the thresholds start to become thinner and stabilize
after a set time interval.

5. Results

Our experimental tests were divided into two differ-
ent methodologies: visual quality tests and perfor-
mance tests. The visual tests are reported in section
5.1 and are focused in comparing visually the dif-
ference between a visualization that uses the same
representation for the whole molecule and the re-
sult of using regions of interest to differ parts of the
molecules. The performance tests in section 5.2 are
used to evaluate our solution using concrete mea-
sures of performance such as time to render a frame
and size of the acceleration structures. In the ta-
bles, T columns stand for time to render a frame
and are measured in milliseconds and FPS stands
for frames per second.

In all results that are displayed in the next sec-
tions, there are some parameters that are common
between benchmark scenes which are: window res-
olution of 1280 by 720 pixels, solvent radius of 1.4,
camera opening horizontal and vertical angles of π
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and ResY
ResX×HorizontalAngle, camera near plane at

0.05, camera far plane at 200, distance to convert
spheres into billboards of 60.0, 10 neighbor atoms
maximum limit while computing SES, the surface
threshold varying between 0.05 and 0.2 and newton
threshold varying between 0.005 and 0.2. The dis-
tance, position and threshold values are measured
in Å.

Two benchmark scenes were used to test the
solution. The benchmark scene 1AON uses
the molecule named ”Crystral structure of the
asymmetric chaperonin complex GroEL-GroES-
(ADP)7” [1] with identifier 1AON. The whole
molecule protein database file contains 58674
atoms. The second benchmark scene 1IGT con-
tains the ”Structure of immunoglobulin” [2] with
identifier 1IGT and has 12530 atoms.

In the benchmark scene 1AON, the
camera position is, in Å, (x, y, z) =
(184.090622,−71.322571,−26.695751) and ori-

entation angles of the camera are α = 4.972095
radians and β = 0.53315 radians. The α symbol
is the camera horizontal rotation angle, while β is
the camera rotation vertical angle.

The second benchmark scene 1IGT has one
test, with the camera in position (x, y, z) =
(49.140038, 1.700683,−65.313866) and view angles
α = −0, 6507368 radians and β = −0.1794062 radi-
ans.

5.1. Visual quality tests
In this section, several images are displayed side by
side, comparing representations of molecules that
are rendered using solvent-excluded surface for the
whole molecule and the visual result of rendering
the molecule using zones of interest and distance to
either use SES, mesh spheres or billboards repre-
sentation.

5.1.1 Test 1AON

Figure 5: Visual comparison between rendering
benchmark scene 1AON with SES representation
(above) and rendering using our level of detail based
on zones of interest (below)
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5.1.2 Test 1IGT

Figure 6: Visual comparison between rendering
scene 1IGT with SES representation (above) and
rendering using our level of detail based on zones of
interest (below)

5.2. Performance tests
In order to test the performance of the visualiza-
tion, the benchmark scenes were tested in different
machines. The first machine M6000 is composed
by a Intel i7-920 quadcore 2.67 GHz CPU, 6 giga-
bytes of RAM and a Nvidia Maxwell Quadro 6000
GPU. The machine GTX970 is composed by a In-
tel i5-4690 quadcore 3.50GHz CPU, 8 gigabytes of
RAM and a GPU Nvidia GTX 970 with 4 gigabytes
of memory. Lastly, the computer GTX980 Ti has a
Intel i7-6700 quadcore 3.40GHz CPU, 16 gigabytes
of RAM and a Nvidia GTX980 Ti graphics proces-
sor.

5.2.1 Solution performance

In this section, the results of applying our solution
of regions of interest to the benchmark scenes are
described.

The molecule with identifier 1AON has a total
of 58674 atoms, 898 of which were selected by the
regions of interest protein database files. The fol-
lowing list contains the resulting acceleration struc-
tures sizes of this scene:

• Uniform grid memory size: 45.4 megabytes

• BVH memory size: 0.07 megabytes

• K-d tree memory size: 0.03 megabytes

In terms of frame rate performance, the results
are displayed in the table 1 for the test 1AON using
the thinnest thresholds and in the table 2 using the
thickest thresholds.

Table 1: 1AON: Results with the thinnest thresh-
olds

M6000 GTX970 GTX980Ti
FPS T FPS T FPS T

UG 21.7 46 20.4 49 30.5 33
BVH 15.9 63 13.3 75 21.1 47
K-d 16.4 61 13.7 73 21.7 46

Table 2: 1AON: Results with the thickest thresh-
olds

M6000 GTX970 GTX980Ti
FPS T FPS T FPS T

UG 29.9 33 32.5 31 48.5 21
BVH 25.1 40 22.7 44 35.5 28
K-d 25.4 39 23.2 43 36.2 28

The molecule 1IGT has a total of 12530 atoms,
159 of which are in regions of interest. The fol-
lowing list contains the resulting acceleration struc-
tures sizes:

• Uniform grid memory size: 11.69 megabytes

• BVH memory size: 0.01 megabytes

• K-d tree memory size: 0.01 megabytes

The performance outcome is in the table 3 using
the thinnest thresholds and in the table 4 using the
thickest thresholds.

Table 3: 1IGT: Results with the thinnest thresholds
M6000 GTX970 GTX980Ti
FPS T FPS T FPS T

UG 18.7 53 16.2 62 25.3 40
BVH 14.1 71 11.3 88 18.2 55
K-d 13.9 72 11.2 89 18.1 55

Table 4: 1IGT: Results with the thickest thresholds
M6000 GTX970 GTX980Ti
FPS T FPS T FPS T

UG 27.9 36 27.5 36 43.2 23
BVH 21.1 47 18.6 54 29.9 33
K-d 20.6 49 17.8 56 28.9 35
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5.3. Full solvent-excluded surface versus regions of
interest

Using the best setup of the ones tested in the
performance section 5.2, the machine GTX980Ti
and uniform grid as acceleration structure, the fol-
lowing tables describe the performance compari-
son between rendering the benchmark scenes using
solvent-excluded surface for the whole molecule (full
SES) and rendering the molecules using regions of
interest (ROI).

The table 5 shows the comparison of the uniform
grid size between full SES and ROI implementa-
tions.

Table 5: Uniform grid size comparison: Full SES vs
ROI

Full SES ROI
1AON 429.66 Megabytes 45.44 Megabytes
1IGT 226.22 Megabytes 11.69 Megabytes

The table 6 shows the comparison of the frame
rate between full SES and ROI implementations,
using the thinnest thresholds.

Table 6: Frame rate: Full SES vs ROI (thinnest
thresholds)

Full SES ROI
FPS T FPS T

1AON 2.8 357 30.5 33
1IGT 3.3 303 25.3 40

The table 7 shows the comparison of the frame
rate between full SES and ROI implementations,
using the thickest thresholds.

Table 7: Frame rate: Full SES vs ROI (thickest
thresholds)

Full SES ROI
FPS T FPS T

1AON 4.7 213 48.5 21
1IGT 6.6 152 43.2 23

5.4. Discussion
The results obtained were within the expectations
and the goals of the project. Using the GPU ca-
pabilities, the sphere tracing algorithm is processed
at the same time for each pixel grants better per-
formance than the sequential implementation. The
mixing between the rasterization rendering and the
ray tracing rendering was a challenging but suc-
cessfully solved problem, with all the improvements
done in the project evolution, the drawback of com-
bining both techniques was abolished, keeping the
advantages of smaller acceleration structures and
the capacity of focusing the user’s attention on the
regions of interest.

5.4.1 Visual quality

The visual quality tests in section 5.1, the bench-
mark scenes that are rendered using SES for the
whole molecule are very homogeneous and confus-
ing. One of the goals of this work was for being
able to select zones of interest in order to focus
those important parts of the molecule, while leav-
ing the rest of the molecular context. Using the
additional files that create those regions of interest,
the visual representation change depending on the
importance of every atom to the user. Our solution
used sphere tracing and SES to render the zones of
interest, while the rest of the molecule is rendered
with mesh spheres and billboards, depending on the
distance of the atoms to the camera. Visually, the
fact that the regions of interest are rendered with a
more detailed representation and have a color that
stands out, grabs the user attention and helps in
handling the excess of information. In the future,
there will be questionnaires to ask the molecular
field specialists their evaluation of our solution.

5.4.2 Performance

Based on the performance results shown in the sec-
tion 5.2, the overall conclusions are that the per-
formance of the visualization is dependent on the
region of interest atoms being rendered as demon-
strated by the difference of the performance bench-
mark scenes in subsection 5.2.1. On other side,
the frame rate scales well with the increase num-
ber of atoms, since that the great difference in the
number of atoms between the benchmark scenes
in tests 1AON and 1IGT, the frame rate is not
drastically affected. The difference in the rendering
time between the coarsest thresholds and the finnest
thresholds is in average 22 milliseconds, granting
smoother camera movements while the user is ex-
ploring the scene.

In terms of machines, the rating performance
shows that GTX970 is with lower results, followed
by M6000 and having GTX980 Ti has the best
among the three machines. GTX980 Ti highlights
in the results, having in every case considerably bet-
ter frames per second and was chosen as the best
machine for the last performance test in the section
5.3.

Uniform grid, as expected, is the acceleration
structure with better results, since that there is no
traversal, only a simple calculation to get the index
of the grid in which a point is. It is the one that
requires more memory space for a long margin but,
even in the case of the larger tested molecule 1AON
the memory does not reach 50 megabytes, and the
current GPUs have 2 gigabytes or more.

The bounding volume hierarchy and k-d tree have
very similar results, since both suffer from the fact
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that the influence atoms have much overlaps, forc-
ing additional searches in the trees.

The scenarios in section 5.3 shows that display-
ing the molecule using the full solvent-excluded sur-
face, the memory requirements increased substan-
tially when compared with using regions of inter-
est. When all the molecule is selected as solvent-
excluded surface, the size of the acceleration struc-
tures increases, reducing the performance of the
traversal and increasing the number of combina-
tions computed in the sphere tracing algorithm, af-
fecting negatively the overall performance. The so-
lution without regions of interest also do not op-
timize the sphere tracing with the techniques de-
scribed in implementation section 4.

6. Conclusions
After analyzing the existing solutions to render
molecules, we came to the conclusion that there
are two main types of rendering techniques used:
polygonization combined with rasterization and ray
tracing. Rasterization has performance as the main
advantage, while ray tracing provides an higher
level of realism. There are few solutions that use
level of detail, and the ones that use it, use the level
of detail mostly in the distance from the camera to
the molecule. Most solutions do not use molecular
features to affect their visualization.

In an attempt to provide a different solution that
avoids some of the disadvantages enumerated be-
fore, we present a novel solution proposal. The
proposed visualization uses molecular features to
change the level of detail of molecular zones. It is
used high quality ray tracing to render atoms near
the zones of interest, leaving the rest of the atoms
to be rendered with low quality polygonization and
rasterization. The combination takes advantages of
ray tracing and polygonization, while causing a dif-
ference between zones with high quality and zones
with lower, focusing the user attention in zones with
higher detail.

Additionally, the usage of both ray tracing and
rasterization is exploited to get some optimizations.
The depth of the fragments generated through ras-
terization are used in the sphere tracing algorithm
to limit the depth in which the marching points
track the surface, improving the overall frame rate.

6.1. Future Work
It is planned to make a questionnaire to molecu-
lar field specialists in order to get a more concrete
feedback on the visual quality of our level of detail
based on regions of interest solution.

In the future, it would be interesting to adapt the
visualization to support molecular dynamics. This
would imply that all the acceleration structures had
a very short construction time, so that it could be
rebuilt every frame and updated to the CUDA code.

The support for molecular dynamics would be in-
teresting to analyze a full sequence of molecular fea-
tures like the binding action between a protein and
a ligand, to evaluate how the atoms change during
this phenomenon.

A second idea is to create a user interface, that
would certainly complement the visualization and
making it more useful to the users. Features like
selecting atoms to get information about them or to
convert the neighbor region to be a region of interest
would make the visualization more complete and
flexible.
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