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A BSTRACT
In the present work, we describe and discuss two interactive visualization techniques recently added to the Udock software. First, we
propose to display a spherical projection of the protein’s molecular
surface properties. The resulting 2D map allows to get in one glance
a global view of the protein. Second, we propose to let the user
choose a specific level of detail when visualizing the protein’s 3D
surface. We describe a simple smoothing algorithm that achieves
this goal in real time. These techniques are designed to enhance
the usability of molecular visualization and interactive simulation
software.
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computed and displayed in real time to guide the user during the
whole interactive docking procedure.
The goal of Udock is to maximize its usability, as a molecular
visualization and interactive simulation tool. The usability of a tool
can be defined as follows: effectiveness: the ability of the users
to complete a task using this tool, and the quality of the output,
efficiency: the time or resources spent to complete the task and satisfaction: the subjective reaction of the user when handling the tool
[8]. Our previous work with Udock was centered on effectiveness
and satisfaction [15]. In the present work, we focus on the efficiency aspect of usability. We want the user to be able to manage
the type and quantity of visualized information to invest his cognitive resources in the most efficient way.
In the last version of Udock, we have developed new interactive
modes of representation of a protein’s global shape and of its surfaces properties that will be presented hereafter: 1. interactive 2D
maps of protein surfaces and 2. interactive smoothing of the SES.
These interactive and real-time modes of representation will enhance the usability of molecular visualization and interactive simulation software.

I NTRODUCTION

Protein docking methods aim at predicting the geometry of macromolecular complexes that play a crucial role in biological processes.
To perform such a task, molecular visualization is needed to extract
all relevant information about the structural properties of the proteins to be docked. Since proteins are very complex objects, the
total amount of information that needs to be visualized and integrated is very high. It is thus critical for molecular visualization
software to provide the user with different visualization and interaction modes that are adapted to the kind of information the user is
interested in.
The Udock software allows a quick and easy-to-handle exploration of the possible conformations of a protein complex [15].
When performing interactive human-driven docking, the user needs
to generate a complex 3D mental model of the given proteins’ structures and properties in order to propose relevant geometries of their
possible complexes. The generation of this mental model makes interactive docking a very complex cognitive task. Udock is designed
to help the user to build such a mental model, using adapted representations and manipulation techniques. Proteins are rendered as
solvent excluded surfaces with a smoothed coloring of the electrostatic potential, so that the user understands the global shape
and electrostatic properties of the protein. In Udock, proteins are
docked using an original harpoon-like technique and the collisions
between proteins are simulated in real time by a physics engine [4],
allowing the user to try different docking poses in a quick and intuitive fashion. Finally a force-field based [2] interaction score is
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Many interactive visualization software are available to visualize
protein surfaces in real time such as Pymol [5], VMD [10] or
Chimera [17]. They all provide standard representations of molecular surfaces such as Van Der Waals surface (or spacefill) and solvent
excluded surface (SES or molecular surface [18]) with coloring options that highlight a particular property (atom types, [3], electrostatic, [21], or hydrophobic potential [14]).
In the Van der Waals surface representation, the atoms are depicted as spheres with a given radius (the Van der Waals radius).
Its major drawback is that it does not represent the accessibility of
the different atoms of the protein to potential other molecules with
respect to the surrounding solvent. Hence, the work of Richards
on solvent accessible surfaces (SAS) and solvent excluded surfaces
(SES [18]) can address this issue. To construct the SAS, a spherical probe of a radius equivalent to a water molecule is rolled over
the Van der Waals surface. The center of the probe defines the
SAS, whether the surface of the probe defines the SES. The SES
is the best choice of representation for molecular interactions since
it shows the shape of the object and its accessible surface with respect to the surrounding solvent [13].
Due to the number of atoms constituting proteins, their surface is
very complex to analyze and extracting relevant information about
their shape is difficult. The most common effects used for enhancing the rendering are cast shadows and depth cueing but due to the
complexity of the surface, they often fail to produce a high-level
comprehensible picture of the shape to the user [19].
In order to abstract the complexity of the shape, Duncan and
Olson developed a spherical harmonics approximation of protein
surfaces [6]. To compute a similar abstraction and focus on the
global shape of the object, we use in Udock a rendering technique

that allows the user to interactively reduce the surface’s level of
detail in real-time.
Different other approaches have been developed to reduce the
complexity of protein surfaces for visualization purposes, in particular using 2D projections of molecular surfaces. These 2D maps
were developed to characterize global surface properties (normal
vectors, principal curvature [6]), compare the binding sites of proteins [7] [16] [22] or monitor the conformational changes of proteins occurring upon ligand binding [12] or during molecular dynamics simulations [11] [9] [20].
In Udock, we use 2D maps of the molecular surface of proteins
for real-time interactive analysis of their properties and interactions.
These 2D maps provide a global view of the whole protein surface
properties and are complementary to classical molecular surface
representations.
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OF PROTEIN SURFACES

Conformal Mercator With Depth

To overcome this limitation, we propose to let the user switch to
a spherical projection of the surface of the protein. This projection
maps the entirety of the surface of the protein to a single 2D image,
allowing the user to see the whole surface at one glance (fig. 1).
In Udock, we use a triangulated mesh of the SES to visualize the
protein. When the user switches to spherical projection, we use
shaders to render a spherical projection of the SES as follows.
Vertex Shader In the vertex shader, we compute each vertex’s
spherical coordinates (r, θ , φ ), with the origin of the sphere at the
barycenter of the protein. Then, we transform these coordinates
using different map projections. Currently, the user may choose
between direct polar projection, Mercator conformal projection or
Gall-Peters equal-area projection. As proteins are not totally spherical objects, some rays starting from the barycenter will hit its surface multiple times. When transforming the vertex, we compute
z = 1 − r so that in that case, the depth culling keeps the farthest
surface point. We also darken the vertex colour based on its depth
to add a basic depth shading (fig. 1).
Geometry Shader Some SES triangles will have one vertex
with θ slightly over 0 and another vertex with θ slightly below
2π, resulting in large rasterized triangles covering a big part of the
screen. In the geometry shader, we duplicate these triangles and
offset each x component so that one triangle extends beyond the
left of the screen and the other one extends beyond the right of the
screen. These new triangles are then clipped by the pipeline.
Each type of projection allows to see the whole surface of the
protein but at the cost of distortion of certain key structural features
that gets stronger as we reach the edges of the map. To overcome
the increased distortion problem at the edges of the map, the user
can manipulate the rotation of the projected molecule. This allows
to define the part of the surface that will be projected at the center
of the 2D map and that will thus be less distorted.
4

Conformal Mercator Without Depth
Figure 1: Acetylcholinesterase (PDB ID: 1FFS) Conformal Mercator
Maps

When performing interactive protein docking, the user has to
identify the optimal geometry of a protein-protein complex. This
complicated cognitive task relies on an accurate analysis of the
structure and properties of the two proteins to be docked in order
to identify the regions over the surface that would constitute the
protein-protein interface. This analysis is performed using molecular visualization software that display the molecules in perspective
projection.
However, when visualizing the whole structure of a protein, the
perspective projection has the major drawback to never show the
entirety of the structure: the backside of the protein is always hidden. To visualize this hidden part, the user needs to change his
viewing position by manipulating the virtual camera. The backside
of the molecule will then become visible, but at the expense of another part of the protein that will become the new hidden backside.
As a result, the user has to constantly rely on memorization and
manipulation when trying to analyze and integrate the information
about the structure and properties of the whole protein.

S URFACE S MOOTHING

One way to provide users with a useful abstraction of a protein
structure for molecular docking purposes is to hide the atoms that
are deep inside the molecule, and thus less prone to interact with
those of other proteins. The SAS and the SES provide such a representation.
In order to go further in this abstraction process, we developed
an interactive surface smoothing method that will let the user define
the level of detail of the surface in real-time. This allows the user
to switch his focus from the whole shape of the protein to specific
details of the surface (fig 2).
There exists documented ways to compute such a smoothed surface, like spherical harmonics approximation [6]. We currently rely
on a basic three-passes approach.
Pass 1 - Direct polar projection First, we render the direct
polar projection of the protein in a single pass, using the vertex
shader and geometry shader described in the previous section, and
store the depth buffer value in a texture. We use a direct polar projection because it corresponds to the most direct mapping between
polar and texture coordinates.
Pass 2 - Depth blurring In the second pass, we render a single quad covering the whole screen, mapped with the depth texture
obtained during the previous pass. We use a fragment shader to blur
the depth texture by simply computing, for each fragment, the mean
of the surrounding depth values, within a given radius. The size of
the radius determines the strength of the smoothing. Since proteins
are not totally spherical, if we use a constant radius, the fragments
that are close to the center will be less smoothed than the fragments
that are far from the center. The smoothing radius is thus scaled
with regard to the depth of the given fragment.

No SES Smoothing

Direct Polar

Medium SES Smoothing

Conformal Mercator
Heavy SES Smoothing
Figure 2: Barnase (left - PDB ID: 1BRS, chain A)/ Barstar (right - PDB
ID: 1BRS, chain D) Solvent Excluded Surface at different smoothing
levels

Pass 3 - Smoothed SES rendering In this last pass, we perform a standard perspective rendering of the SES, but we modify
the vertex position to take into account the smoothed depth. In the
vertex shader, we compute the polar coordinates of the input vertex.
We use these coordinates to perform a lookup in the blurred depth
texture, which gives us the distance at which a ray starting from the
barycenter of the molecule and going to the current vertex would hit
the smoothed SES. We use this distance to move the current vertex
on the smoothed SES.
It is to note that the most time consuming pass is the smoothing
pass, since for each pixel, we need to compute the sum of the surrounding pixels, and thus perform many texture lookups. However,
we speed up this process by computing the sum of only a portion
of these pixels, by varying the step size of the sum. The resulting
smoothing is less accurate but can be computed in real time. Also,
it is to note that we do not need to compute pass 1 and pass 2 for
each rendered frame, but only when the user changes the smoothing
radius. Once the blurred depth texture is computed and stored, we
only need to render the smoothed SES with pass 3.
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Map projections There exists many map projections that
could be used in Udock. We currently let the user choose between
three of them, each one having its advantages and drawbacks (fig 3).
Direct polar projection distorts local shape and surface area but has
the most direct mapping between polar coordinates and texture coordinates. Mercator conformal projection maintains the local shape
but distorts local surface area. Indeed, as illustrated in figure 3, the
atoms appear more spherical in the Mercator map (shape preserving projection) than in the other maps , but as we reach the edge
of the map, the atoms are getting bigger and bigger as their sur-

Equal Area Gall-Peters
Figure 3: Barnase (PDB ID: 1BRS, chain A), Different Spherical Projections

face area gets more and more distorted. The Gall-Peters equal-area
projection maintains local surface area but distorts local shape. As
illustrated in figure 3, the atoms maintain a consistent surface area,
but few seem to be spherical. Conformal Mercator map seems to be
the best choice for visual inspection of protein structures with interactive protein-protein docking in sight since it is mainly about local
shape matching, but this matter needs to be further investigated.
Information on the map To date, the smoothed electrostatic
potential of the protein surface is displayed on the map. When the
colour is shaded depending on the depth of the surface, the user
gets more information about the shape of the surface. In the future,
we plan to display additional information such as hydrophobic potential, atom types or secondary structures. We will let the user
interactively select different layers of information to be added to
the projected image.
Manipulation techniques The map projections we use in
Udock suffer from distortion at their edges. To overcome this drawback, let the user chose which part of the surface will be projected

This figure presents the modifications of a 2D Conformal Mercator map
when applying a rotation to the acetycholinesterase protein (PDB ID
1FFS). We rotate the protein around the y axis, passing through polar
coordinates (0, −π/2) and (0, +π/2). We have then rendered the 2D
Conformal Mercator map without clearing the frame buffer, to display the
corresponding trajectories. We can clearly see the rotation axis and non
intuitive rotation of the pixels.
Figure 4: Manipulation issue of Spherical Projections

at the image’s center where the information is the less distorted.
However, manipulating projections interactively is not straightforward. As illustrated in figure 4, applying a rotation to the protein
before its projection often modifies the 2D map in a non intuitive
fashion: the pixels of the map will often be translated in diverse
directions. For instance, if the proteins rotation is applied along the
axis passing through the north and south pole of the sphere, then it
only offsets the longitude of each point, translating the 2D map on
the x axis. This is a straightforward manipulation. But any other
rotation will modify the latitude of the surface points, and the resulting map modification becomes less intuitive. Indeed, when any
point of the surface lowers its latitude, the corresponding opposite
surface point raises its latitude. In the 2D map, each surface point
y coordinate is a function of its latitude, and thus some points will
start to go up on the y axis while others will going down at the
same time. Figure 4 depicts these trajectories, and we clearly can
see the rotation axis, that differently modifies the two halves of the
2D map. We thus need to define an adapted interaction scheme for
spherical projections.
Interactive smoothing In the current version of Udock, the
shape of the SES can be smoothed interactively with the electrostatic potential of the original SES. As a result, since we move
the vertices without recomputing the electrostatic potential on the
smoothed surface, the displayed potential is less accurate. We plan
to investigate how to smooth in real time the information displayed
on the surface.
Usability One of the major next steps of this work is to evaluate the usability of both the 2D maps and the smoothed surface
rendering. We postulate that it will be easier for the user to manipulate and mentally model the shape and properties of the studied
proteins. To evaluate this, we propose to measure the performance
of the users on interactive protein docking on reference proteins
with known interaction geometry. By comparing the quality of the
docking poses generated with the same amount of time, with and
without the use of surface maps and surface smoothing, we may
be able to determine whether these rendering techniques are really
helpful to the users. We also plan to evaluate the usability of the
system using subjective assessment like the System Usability Scale
[1].
6 C ONCLUSION
In the present work, we propose to display projections of a proteins structure and surface properties in order to alleviate the cognitive and manipulatory load required to create a mental model of
its possible interaction geometries with a given partner. Of course,
allowing such a global view of a proteins surface and its properties

comes with certain drawbacks, like shape or surface distortions and
highlights a need for specific manipulation techniques.
We have also proposed to allow the user to dynamically smooth
the SES of the protein, letting him choose his desired level of detail
of the surface. We have described a very simple algorithm that
allows to create and display such a smoothed surface in real time.
The focus of this research is to enhance the usability of molecular visualization systems. The presented manipulation and visualization modes are designed to make a step towards this goal. Besides pushing further the abstraction of the representation of protein
surfaces and of their properties, the next step of this research is to
experimentally validate the impact of such techniques in terms of
usability.
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