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Abstract. The science of haptics has received an enormous attention in the last
decade. One of the major application trends of haptics technology is data visu-
alization and training. In this paper, we present a haptically-enhanced system
for manipulation and tactile exploration of molecules.The geometrical models
of molecules is extracted either from theoretical or empirical data using file for-
mats widely adopted in chemical and biological fields. The addition of informa-
tion computed with computational chemistry tools, allows users to feel the in-
teraction forces between an explored molecule and a charge associated to the
haptic device, and to visualize a huge amount of numerical data in a more com-
prehensible way. The developed tool can be used either for teaching or research
purposes due to its high reliance on both theoretical and experimental data.

1. Introduction

Molecular analysis has acquired a great importance in recent years. The study of in-
teractions among molecules and the ways in which they can be aggregated are at the
basis of drug design. A deep understanding of the inter-molecular forces that govern
this kind of processes is fundamental. Interactions among molecules are usually de-
scribed by huge sequences of data, which describe the attraction/repulsion forces and
the positions of interesting sites for binding over molecular surfaces in a very detailed
way, but awkward to interpret as-is even by scientists and chemists of the field. Hap-
tic interaction could greatly help here, because the sense of involved forces could be
used to better understand the intensity of interactions that humans are not able to feel
in everyday life, due to their existence at nanoscale or atomic levels. In this way, sci-
entists could reach a better awareness on the location and the nature of these interac-
tions, that could be exploited in further experimental studies.

At this aim we developed a virtual environment, where the molecule to be analyzed
is shown to the user and a probing charge is associated with a haptic device. The in-
teraction between the molecule and the electric charge is felt via the haptic device and
allows one to explore the electrostatic surface of the molecule. This paper is organ-
ized as follows: Section 2 provides an overview of the system and shows how infor-
mation and results are rendered; Section 3 reports feedbacks obtained by users; Sec-
tion 4 presents related works, and, finally, Section 5 draws our conclusions and future
plans.



2. Description of the haptic-enhanced system

The developed system takes in input the geometrical representation of the molecule in
terms of theoretical model (.PDB file format) or experimental data (.CIF file format,
obtained from crystallography). For a reference on PDB and CIF file format see [5,
3]. Such data are then elaborated by a computational chemistry tool [4], which pro-
vides in output the electric field data needed to model the force interaction. Figure 1
sketches the architecture of the developed system.
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Fig. 1. The architecture of the designed haptic system.

Both input and output data are huge in size and it is therefore difficult to catch at-
oms position and electronic fields' interactions directly from such data. Figure 2
shows some examples of fragments of input and output data. Just to give an idea of
the amount of information to deal with, the original files shown in Figure 2, referred
to the ammonia molecule, are composed of 1508 and 22933 lines of numbers!
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—0.000623367 -0.000644677 -0.000662222 —0.00067556 -0.000654306
—0.000688145 -0.000686853 -0.000680305 -0.000668481 -0.000651476

-0.000629495 -0.000602853 -0.000571959 -0.000537308 -0.000499462
-0.00045903 -0.000416649 -0.000372962 -0.0003286 -0.000284163

RUN TITLE

THE POINT GROUP OF THE MOLECULE IS C1

THE ORDER OF THE PRINCIPAL AXIS IS o
-0.000240206 -0.000197226 -0.000155656 —0.000115859 -7.581271e-005
aTon J— CCORDINATES (BOHR) ~4.26816e-005 -9.67772e-006 2.07502e-005 4.86823e-005 7.40062-005
CHARGE % v 5 9.680832-005 0.000117168 -0.000317527 -0.000353154 -0.000389687
, VS omsmes  cswwss oo 000t oomossmas -oumosoia o stesyes 2o
s e o-amsesoaTes GeiTamsneat o-ooonnouee 0.0DO7Z7021 -0.000TITRLS -0.000743353 ~0.000743056 -0.00073 558
b .0 1-4569787365 T1.9738307831 1-6018961251 7n.nnn724725 70'555755742 75'055553135 75.550554255 75'555525574
s 1.0 1.4569787365 -1.3738307931 -1.6818561291 o o o o oo
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Fig. 2. Abstracts from sample input and output data ~les in case of ammonia (NH3) molecule.

The developed system provides a virtual environment showing a 3D representation
of the molecule. Different visualizations are possible, like, for example, space-filling
and ball-and-stick. Beside providing the graphical representation, the system allows to
feel the electronic fields' interactions by means of a haptic device (in our case, the
Sensable PHANTOM® Omni [6]): the graphical environment shows the current posi-
tion of the haptic proxy, to indicate which part of the space the user is interacting
with. Auxiliary key information are also shown in an intuitive way, such as a plot of



the electrostatic field along the direction connecting the proxy position and the center
of the molecule, and the force field on the molecule surface (represented by means of
different colors). Figure 3 shows a snapshot of the tool in action. The 3D molecule
representation and the proxy pointer are clearly visible. The plot of the electrostatic
field is shown in the bottom-right corner.

Fig. 3. A screenshot of the tool in case of water molecule. The proxy position (yellow circle)
and the plot of the electrostatic field are visible. The plot is computed using the value of the
field along the thin white line connecting the proxy with the center of the molecule.

The electrostatic field is represented by a quantized grid surrounding the molecule
till a certain distance. The force felt by the user is the one associated with the voxel of
the grid within which proxy position falls in. The forces are meant as opposed to
probe movement done by the user and consists of attraction/repulsion forces accord-
ing to the situation. Their intensity are naturally very weak (nanoscale). A human op-
erator cannot feel them as is. After some usage tests, an amplification has been de-
termined to scale the force appropriately without losing the proportions among real
forces.

3. Users' feedbacks

The tool has been tested by different kinds of users on different molecules (e.g., wa-
ter, ammonia, methane). The students of a chemistry course tried the experience of
the interaction as a didactic tool; chemical technicians appreciated the improved
awareness of the phenomena they are used to work with, which are otherwise not so
intuitive; researchers tried to test how the tool is able to render well-known interac-
tions. We have tested the tool on molecules with known electrostatic behaviour and
interesting binding sites, and checked with chemical experts the obtained behavior to
confirm that the simulation is correct. In general, the most important benefit is repre-
sented by the possibility of combining the visualization of data with the rendering of
the feeling of nanoscale/atomic interactions that can improve the understanding of real
phenomena.



4. Related works

[7] provides a survey on haptic rendering techniques: most of the haptic algorithms
and applications focus on the rendering of surface tactile feedback, rather than forces
distributed in the whole space as this does. In the field of chemical visualization and
haptics, our tool is a border-line one and stands along the boundary of old computa-
tional chemistry (which privileges awkward numerical outputs, disregarding user-
friendliness) and the brand-new bioinformatics (which introduces better and friendly
UlIs to show results). Most of the developed tools, whenever presenting haptic interac-
tion, exhibit it as a side feature, usually because it has been added later. In our tool it
is the core interaction. Examples of similar tools include VMD, PyMol, and others
(see [2] for a survey), which offer a wide range of representations, but interpretation
of data is not so straightforward for non-technician of the field. [1] presents a similar
tool, but it is strongly designed on theoretical models and, compared to our systems, it
does not allow to use or explore empirical data directly obtained in laboratories.

S. Conclusions and future work

This work is meant as the first step towards the development of a framework for the
simulation of the interaction between complex chemical compounds, such as a protein
and another -whatever complex- molecule and is carried on in collaboration with the
Chemical Department of our University. In particular the focus will be on molecules
exhibiting halogen bonding, a kind of ligand known in literature since 60s but arisen
again in recent years due to its importance in drug design. Further improvements in-
clude the implementation of interactions of pairs of halogenated compounds, either
from a statical or dynamical point of view, to better understand the behavior of such
bonding and to allow the usage of the tool in scientific/research frameworks.
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