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Abstract. The rapid evolution of molecule’s imaging and observation’s 
techniques has caused a growing interest in studying molecular structures. 
Naturally, scientists have turned to simulation and 3D modeling in order to 
better understand biological phenomena. Thus, several 3D modeling systems 
have emerged. Some of these systems are dedicated to 3D visualization, and 
others are interested in 3D handling. However, we observed that these systems 
use classical 3D interaction techniques, frequently used in virtual reality (VR). 
On the other hand, the biological environment is very complex and binding as 
well. Thus, to remain faithful to the constraintes of the environment and be 
closer to natural behavior of molecules, we have tried to propose a 3D 
manipulation adapted to the domain, a bio-supervised 3D manipulation. 

Keywords: 3D Manipulation, Complex Systems, Biological Constraints, 
Adaptability, Bio-supervisor. 

1   Introduction 

Understand and interpret the DNA’s spatial organization has become one of the 
greatest challenge of recent molecular and structural biology. Biologists are trying to 
identify the link between molecule’s 3D architecture and its functional aspect. So, 3D 
molecular modeling systems tend to realism and more credibility, and that both on the 
3D model and in terms of interaction with this model. 

Previously, we have established a global and more credible 3D model of DNA [1], 
however this will not be detailed in this paper. Nevertheless, the realism of 3D 
modeling systems will also be performed through the way to interact with the model. 

Actually, user interfaces have become increasingly complex: at the visual level, by 
the graphic richness, 3D environments, animations, etc., and the interactive level, by 
the wide range of devices and complexity of tasks. Each of these points is the subject 
of many researches. Indeed, the needs change from one application to another, but the 
majority remains based on the development of static applications, often limited to 
support usual interaction techniques. In the case of 3D environments, the management 
of interactions is even more difficult because user devices are no longer limited to a 
mouse and keyboard, and tasks are no longer as simple as pointing and clicking. 
Therefore, the design of 3D applications must take into account the management of 



714 M. Essabbah et al. 

interactions at the same level as the actions undertaken by the system. The interaction 
is no longer an independent bloc in the system architecture, because it must be able to 
adapt to the environment in which it will be integrated. The modality of interaction 
defined by a document is not necessarily the same as the applications context.   

In our research, we develop an assistance system for molecular analysis while 
proposing a more credible and global genome's representation. Thus, the handled 
object is not simple. Moreover, beyond the 3D environment constraints, it is subjected 
to other very strong constraints, those of physics and biology. It seems obvious that 
the interactive activity of this application must be adapted to the domain.  

In this paper, we present a new approach to design bio-supervised 3D manipulation 
techniques that is aware of the environment. First, we define the context as well as the 
raised issues, particularly, the constraints of 3D and biological environments. Then 
we describe previous work in the assistance for molecular analysis field. The last 
section will include a description of the proposed approach, where we explain the 
global architecture; afterward we denote the interest of each component. We conclude 
this paper with some discussions and future work. 

2   Context and Issues 

2.1   3D Environment Constraints  

The choice of representation and metaphors do not respect a set of fixed rules. If the 
choice of representation is realistic, as in our case, interactions will also work with the 
constraints that we find in the real world (i.e. biological environment).  

In contrast, if the choice of representation is moving towards a non-realistic 
environment, simple metaphors will be used to represent complex tasks. The choice 
of these metaphors is dependent of devices that we decided to use and consistency 
that we want to keep for the global application. For a given task, there is non-fixed 
number of possible interaction’s metaphors. To take into account these constraints, we 
orient our platform to enable the creation of various elements of the application. 

The devices used will be very varied depending on the application, ranging from 
simple keyboard and mouse to more specific devices such as data gloves, tracking 
head, etc. This diversity is due to the complexity of the task to realize in the virtual 
environment that can claim a many degrees of freedom. Furthermore, the choice of 
devices becomes more delicate when the tasks are heterogeneous, it must be done 
through compromise among all tasks. This involves the development of interaction 
techniques to achieve the task with a device, although it is less suitable (Eg trackball 
or ray-casting that allow interaction for the selection and manipulation of 3D objects 
with a simple 2D device). 

2.2   Biological Environment Constraints 

The interest of a part of our research is to obtain a 3D model of the molecule's 
structure, which is closer to the reality. Hence, we rely on natural elements, as the 
molecule in its environment. Indeed, researches around the genome's organization 
have identified some biophysical data and biological models, each one represent a 
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part of this spatial organization. We are looking particularly for DNA’s organization, 
at the chromatin level.  

Architecural Constraints: Hence, the physical data that we have been based on are: 
the chromatin's diameter (which is of 30nm [2]), the chromatin’s persistence length - 
an intrinsic feature of the chromatin fiber that represents the rigidity of the chromatin, 
and that is 150nm for the chromatin in vitro [3] -, the confined volume of in which the 
DNA evolve (the cell nucleus and the chrmosome’s territory [4]), and finally, the 
curvature energy of the chromatin. 
Functional Constraints: The architectural constraints represent only the physical 
aspect of the chromatin, disregarding its functional aspect. Thus, we are interested in 
biological models. Each model has different physico-chemical and biological 
implications that will affect the molecule’s 3D model. Among the models that will be 
exploited, we quote: The 3C method (Capturing Chromosome Conformation) [5], the 
location of transcription factories [6], the formation of loops [7] and the solenoid 
principle [8].  

The challenge that we have fixed is to provide an assistance system for molecular 
analysis while proposing a credible and global genome's representation. After 
identifying data and models to exploit, we have worked on building a simple first 
structure of the molecule that is only based on biophysical constraints.  The four 
biophysical constraints that we have mentioned above, allow us to establish a simple 
chromatin’s 3D model, which is a "worm-like" model based on a sequence of 
identical cylinders (Fig. 1 shows the conceptual model). 

 

 

(a) (b) (c)  

Fig. 1. (a) Basic cylinder: The diameter = chromatin's diameter (30 nm) and the length = 1/5 
chromatin's persistence length (150 nm), (b) Angle determining the curvature energy, (c) The 
confined volume in the cell's nucleus.  

3   Assistance to DNA’s Analysis: Related Work 

Initially scientists were interested in sequence analysis for the study of its rich syntax. 
Gradually (between 1984 and 1987) molecular biology lived a fulgurating progress of 
its technical means, which leads to automation and an increasingly advanced and 
refined miniaturization. On the other hand, genomics allowed nowadays a global and 
complete approach for sequence analysis. It is no longer limited to the molecules 
study, but it also includes the study of the relationships between these elements, 
which causes the dynamic aspect of the whole. DNA can be represented by its textual 
sequence and also by its spatial distribution. The main interest for the three-
dimensional visualization of this molecule is the study of genes. But this can be done 
simply by textual analysis of the sequence. However, the 3D model showed that two 
patterns of the genome might have spatial similarities, and have very different textual 
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sequences. It is also possible, thanks to the 3D model, to seek a pattern throughout the 
molecule not only by its sequence but also by its spatial form. This could deduct the 
influence of the entire genome in certain areas and vice versa. On the other hand, 
DNA spatial visualization provides an opportunity to study its interaction with other 
molecules, especially proteins. More generally, 3D visualization provides an overall 
view of the studied molecule. It allows modeling phenomenon or simulates a 
biological mechanism.  

Currently, molecular modeling is an essential research area. It helps scientists to 
develop new drugs against diseases in general and particularly serious ones such as 
AIDS and cancer. This sector assists also the genomes analysis. As the interest that 
was accorded is extremely important, many researchers became specialized in 
molecular modeling. 

The assistance in analyzing the DNA’s spatial structure was done in two stages: 
first by a completely automated method and then a more interactive approach. 

3.1   Automatic Approach 

DNA’s 3D visualization is based mainly on two approaches. First, the observatory 
approach consists in reproducing the molecule’s 3D model from crystallographic data, 
which is not fairly well accepted in the case of DNA, because current techniques for 
the experimental study of DNA’s 3D structure (crystallography, cryo-electron 
microscopy, AFM microscopy, etc.) present many limitations (size, molecule’s 
deformations, etc..) and are very costly in time and price. Dispates, several three-
dimensional molecular viewers, simple and freely available, have emerged 
(gOpenMol, MoleKel, ViewMol, MolMol, PyMol, RasMol (Fig. 2), etc.). It is 
possible to have more examples in this study that we have conducted [9]. Besides, 
most modelisation concerns especially proteins thanks to a great 3D data bank 
(“PDB” format, Protein Data Bank). 

That's why 3D modeling techniques have been developed. Hence, the predictive 
approach aim to predict approximately the DNA’s 3D structure from its textual 
sequence (Fig. 3) thanks to spatial conformation model of DNA (obtained by 
statistical methods on small fragments of DNA), which is considerably easier to 
implement, cheaper and faster than the experimental methods in vitro.  
 

 

 

Fig. 2. RasMol: free 
software for viewing 

PDB files 

 

Fig. 3. 3DNA: local  
DNA’s 3D modeling by a 

predictive method 

 

Fig. 4. DNA’s 3D model based on 
biophysical data 
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In our case, a part of the research was to propose a new DNA’s 3D modeling  
(Fig. 4) based on biophysical data (described in section 2.2). However, the 
backtracking algorithm that we use is also costly in computing time, in order to cover 
a large search space [1]. 

Therefore, the automatic processes of DNA’s 3D modeling and visualization must 
overcome an important difficulty to reach relevant results, which is the computation 
time of research algorithms. Hence, the DNA’s 3D modeling and analysis assisted by 
multi-modal VR-technology is a relevent alternative to enhance the result. 

In the past, the most interesting molecular 3D modeling/visualizing systems have 
been either too large or too complex to model in real time, but now, many molecular 
3D simulation programs run efficiently on parallel computers. Thus, a new 
opportunity was offered to biologists who may now have an interactive control on 
those applications during their execution.  

3.2   Interactive Approach 

Gradually the visualization interest no longer stops at the molecules observation, but 
it extends to the structure analysis and functionality interpretation of molecules by 
their forms. Moreover, the limitations of conventional 3D modeling algorithms and 
the new possibilities offered by Virtual Reality (VR), brought some research teams to 
look on problems related to interactive and immersive molecular modeling [10]. Early 
works in this area have focused on identification of technical needs and technological 
limitations. It was research in an area totally unknown by biology, at the time. 

Cyrus Levinthal, at MIT, built the first system for the interactive display of 
molecular structures in the mid-1960s. This system allowed a user to study interaction 
between atoms and the online manipulation of molecular structures. The speed and 
orientation of a molecular structure can be controlled by a globe-shaped device (a 
kind of trackball) (Fig. 5 shows the VR interface used)[11]. Moreover, it was possible 
to select from a menu, choose an object, or zoom into important parts of the molecule 
using a light pen on the computer display.  
 

 

 

Fig. 5. The display terminal shows the 
molecule structure in wireframe fashion 
 

 

Fig. 6. Stereoscopic visualization of 
chromosomes and immersive navigation with 
ADN-Viewer 
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Subsequently, new interactive viewers appear in order to study the molecule 
dynamics through its three-dimensional structure. These specific applications offer 
more complex modeling like molecules functionality. The immersive system AMMP-
Vis uses a virtual environment for collaborative molecular modeling [12]. It offers to 
biologists and chemists the possibility of manipulating molecular models through a 
natural gesture. It allows receiving and displaying real-time molecular dynamics 
simulation results. It allows also adapted views sharing and provides support for local 
and remote collaborative research. 

The highly immersive molecular modeling (HIMM) environment is built from 
computer aided molecular modeling tools (already done) and virtual reality (VR) 
engines [13]. The proposed architecture tends to provide with minimal effort a 
flexible HIMM environment. 

Other research has highlighted the importance of using VR for education, 
combining immersive environment (efficient visual representation) and haptic devises 
(interactive manipulation) to offer a good instructional aid for students [14].  

Another system, ADN-Viewer [15] is particularly interested in DNA’s spatial 
distribution. The software offers 3D reconstruction of DNA’s structure through 
several 3D representations. It also provides the opportunity to explore chromosomes’ 
structures thanks to stereoscopic visualization (Fig. 6). 

In the same principle of stereoscopic navigation, a stereographic table has been 
built by Marchese and al. [16] to support molecular visualization.  

Scientists have developed many others interactive molecular visualization software 
even with collaborative technologies [17, 18]. However, they are often limited in only 
a part of the interface with the virtual reality (either navigation, or selection, or 
manipulation, etc.) and this is insufficient to really explore the ability of multimodal 
interaction in VR to improve the molecular analysis. 

4   A Hybrid and Multimodal Approach 

4.1   Hybrid Approach 

Our approach aims to combine the contribution of multimodal rendering and the 
experts’ knowledge in certain phases of the study. In fact, multimodal vitual 
environments succed better tha single-sensory technologies in creating a sense of 
presence [19]. In allowing the user to interact earlier in the process rather than post or by 
setting the single system, we hope to reduce the computing time and also the risks of 
wrong 3D models. More Specifically, the protocol that we develop is user-centred. It 
describes a cycle that alternates successively using the automatic and the interactive 
approach of modeling by the user’s command (illustrated in Fig. 7). The first step is 
related to the automatic procedure of modeling, and will generate an initial 3D structure, 
with the geometrical computing engine. Then, in the immersive environment, the 
biologist will be able to improve the 3D model in the configurations that seems 
interesting through visual, auditory and haptic renderings. During this stage, the user 
has, as reference, a set of biological models at its disposal. This first step will quickly 
reduce the search space of possible conformations, being based on the expert’s capacity 
of analysing 3D patterns and his knowledge of the specific molecule and biological 
models. Finally, the expert can choose to restart automatic generation of 3D model -
locally or globally-, but taking into account the current changes. 
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Fig. 7. Hybrid approach for the assistance to DNA’s analysis 

4.2   Hardware Architecture 

The hardware architecture of our molecular modeling environment is based on a 
semi-immersive VR/AR multimodal platform called EVR@1 (see Fig. 9). It permits 
stereoscopic display, wireless hand/head gesture tracking and force feedback. We 
have ART optical tracking system composed of two ARTTrack1 infrared cameras, 
two wireless Flystick, one head marker and one hand marker. We also have a 6D 
force feedback device SPIDAR-G2 [20] and 5DT Data Gloves. Each device is 
associated to a specific server, which is accessed via the C++ VRPN library [21] by 
clients. The interactivity between the user and the VE is done by using Virtools™ 4.0 
[22] as a front-end. 

4.3   Software Architecture 

To take into account these constraints, we orient our approach to a modular 
architecture (Fig. 8). The modular approach, beside the advantage of reusability, is 
also able to modify or adapt more easily an application. We will refine the 
components through the design phase.  

The architecture of a classical 3D interaction is often divided into two parts: the 
user and the different devices, and the application, which try to communicate with the 
user through these devices. So, we propose the design of a new 3D interaction 
paradigm, using what we call a bio-supervisor, by adding this new component 
between the user and the VR application. The supervisor concept has already been 
used for 3D multimodal interaction by Bouyer and al. [23] in order to make the 3D 
interaction more intuitive for the user, but without taking into account the domain (ie. 
the environment). 

 

                                                           
1 http://evra.ibisc.univ-evry.fr 
2 Space Interface Device for Artificial Reality. 
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Fig. 8. An assistance system for molecular analysis based on bio-supervised 3D interaction 

In our case, the supervisor role will be to control the user's actions according to the 
biological constraints that we have already mentioned. When interacting, if the user 
exceeds any of these constraints, the bio-supervisor must let him know while limiting 
its action. Therefore, a multimodal interaction must be set up so that the user becomes 
aware of the limits imposed by the supervisor by a visual, auditory and haptic 
feedback. For instance, the task to perform is to curve the chromatin (molecule), 
however, the chromatin's energy restrains the curvature, imposing a physical limit. In 
this case, the user can get a visual and auditory feedback through a classical 
workstation, however, he can exceed the limits and continue to twist the chromatin 
whereas the 3D model does not follow the command. Thus, there is a contradiction 
between user's action and the 3D model rendering. In contrast, in addition to the 
known benefits (a real 3D rendering, a human scale, an immersion, etc.), a virtual 
reality platform (see Fig. 9) will provide coherence between the user's action and the 
 

 

Fig. 9. Handling a 3D molecule through our semi-immersive virtual/augmented reality 
platform: Evr@ 
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limits imposed on the 3D model. Hence, through a multimodal feedback system 
(visual, auditory, haptic, etc.), the user will become aware of the 3D model limit, but 
it also will feel it and will be restricted on it.  

5   Conclusion 

We have described in this paper a new approach to design 3D interaction techniques 
context-aware, that is an important goal in our work in order to propose a 3D 
molecular modeling system, more natural and intuitive. Our objective is to set up a 
framework of 3D interaction favorable to the complex and constraining biological 
environment. Indeed, through the 3D interaction, we want to provide an active 
assistance for the manipulation and the analysis of DNA in a very intuitive way. 
Moreover, we can take advantage of the multi-modality to offer to the user the 
maximum of information that could assist him, for example, use the force feedback 
through haptic devices in order to represent more naturally the constraints and limits 
of biology. The next work is the evaluation of the proposed assistance system with 
subjective and objective assessments. 
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