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Abstract:

Nanotechnology   and  Virtual Reality(VR)  are  two  fast  evolving, future dominant technologies . Virtual  Reality   is  a tool to liberate  consciousness,  a  digital mandala for  the  cyberian  age. Nanotechnology   can  be  best  be  defined  as  a  description of activities  at  the  level  of  atoms  and molecules  and  have  applications  at  the  macro-world  A Nano - meter is about ten times the diameter of hydrogen atom. The size-related challenge(with nano-tech) is ability to measure ,manipulate , assemble matter with features on the scale of about 1-100nm.


In order to achieve cost effectiveness in nanotechnology, it is necessary to automate molecular manufacturing .The engineering of molecular products need to be carried out by robots, which are termed as nano-manipulators. The robotics researchers are attempting to construct  new tools and human-machine interferences specific to n-world.


This paper discuss the micro and nano-robots(manipulators) which can be broadly classified into two types:1)contact type 2) non contact type. Current work is mainly focused on using AFM (Atomic force microscope)nano-probes for tele-operated physical interactions and manipulation at the n-scale. Non-contact methods such as laser beams can also be used to trap and manipulate particles. A laser apparatus, called OT (optical tweezer ), provides the user with a non-contact method for manipulating objects that can be applied to viruses , bacteria, living cells, and synthetic micro and  nano-scale particles. The AFM and STM(scanning tunneling microscope) are 
generally limited to two dimensions (some times referred to 2.5 dimensions) while OT can work in three dimensions. 


Considering the nano-specific problems , tools, and their interconnection technologies which lead to many flexible nano-manipulation concepts.  They can range from tele-operation to automatic manipulation . Various techniques of virtual reality can be used to enhance this human -in -the loop control system by letting the user feel immersed in the environment based on various sensory cues (visual, haptic, audio) closed loop task-oriented autonomous control was developed to avoid problems by executing only the given tasks without user intervention. Yet, automatic control in the nano-world is still challenging due to the complexity of the nano-scale dynamics, VR technology comes to our aid by providing the experience of perception and interaction with the nano-world through the use of sensors, effectors and interfaces in a simulated environment. The requirement is that the communication with the n-world must be at high level and in real time, preferably in a natural, possibly intuitive "language." Although many of the described technologies have been developed into more or less nature products for robots acting in the macro-world, the nano size of the objects poses extreme challenges and requires a complete rethinking of the sensory cues of the n-world. VR based perception solutions, force sensing at nano-scale, multi-sensory haptic devices, virtual simulation for n-manipulation tasks  and experimental VR systems for Nano-robotics are discussed.

Introduction:
Virtual reality (VR) is a powerful technology for solving today's real -world problems. It has been conceived as a tool to liberate consciousness, a digital mandala for the cyberian age. VR refers to computer-generated, interactive, three dimensional (3-D) environments into which people are immersed. It provides a way for people to visualizes, manipulate and interact with simulated environment through the use of computers and extremely complex data. The scientific community has been working in the field of VR for some years now, having recognized it as a very powerful human computer interface. Researches are able to exploit VR for visualizing scientific data and for modeling and animating complex engineering systems. The traditional applications of VR have been in such areas as medicine, education, arts, entertainment, and the military. Emerging VR applications such as the manipulation of molecules for the development of nanotechnology devices and chemical systems are significantly less explored than the traditional applications mentioned above.

Nano-manipulation and Virtual Reality

Nanotechnology can best be defined as a description of activities at the level of atoms and molecules that have applications in the macro-world. A nanometer is a billionth of a meter, that is, about 1/80,000 of the diameter of human hair, or ten times the diameter of a hydrogen atom. The size-related challenge is the ability to measure, manipulate, and assemble matter with features on the scale of 1-100nm .

VR-Based Perception Solutions at the Nano-scale

Restricted Visual Information

The working environment must be perceivable by the operator and information in the processing scene must be transmitted accurately to the operator. As far as n-tasks (nano-tasks) are concerned, tools must be arranged in the observing area (co-locality), bilateral magnification must be stable and fully transparent, direct and natural perception is required with 3-D movements, dynamic images, and aural interfaces need to be provided, From the vision feedback point of view, virtual environment interfaces provide insights and useful capabilities to scanned-probe microscopes. Indeed, the field of view or scanning is in most cases restricted to a small area and the distance between n-objects (nano-objects) and  proved to be very short. Sometimes remote features may be augmented with multiple contrasting colors, as shown in Figure 1(a) to present data in a comprehensive and easily interpretable  for the user.

some cases) does not allow on-line imagining. On the other hand, since the same single probe is used for both functions: Scanning and nano-manipulating ( n-manipulating), it cannot physically be achieved in parallel, regardless of the scanning speed. Finally the n-operation is executed, in general, within the field  of view. The limitation of this method is that while manipulating the specimen, the graphical display is static and requires additional scans to see the result of the manipulation.


In order to provide an intuitive interface the hides the details of performing complex tasks using an AFM   n-manipulator, a 3-D VR topology can be built and displayed to the user. It takes the two-dimensional (2-D) array of heights, tessellates with triangles, and uses a graphics computer to draw it as a 3-D surface , Static and intuitively manipulated multiple 2-D or 3-D views are then allowed, but the operator is still blind because he/she cannot see the real -time environment changing  although he/she can feel haptically tip-surface interaction in real time This makes the 
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1)a)pseudo color image of  a graphite surface using directional illumination of 3-D .pSeudo color displays height: higher areas are red and lower areas are blue, secular  reflection reveals a regular pattern of diagonal stripes caused  by poking out of the surface .b)3-D  VR topology can be built  and displayed  to the user.


manipulation a tedious and unintuitive task. In order to display the real -time changes of the n-environment, and extension of the concept of VR to that of augmented reality (AR) interfaces must be performed. By analyzing the cantilever-tip interaction with the environment, the normal force and lateral force are obtained in order to provide real-time feedback to the operator. In (13), the real time AFM image can be displayed in the AR environment.


In order to improve the real -time 3-D observation of the nano-world, hybrid closed and global views provided from different types of microscopes are currently investigated. It is now possible to insert the AFM nano-manipulation system into a SEM (scanning electron microscope) or a TEM (transmission electron microscope)  . Such setups have several advantages i.e., 1) the AFM tip and the object can be observed while manipulations are carried out, and 2) when the AFM tip is not used for manipulations, images can be observed simultaneously SEM and AFM and may provide complementary information about the object.

Poor Feeling of Handling Forces

The lack of direct 3-D vision feedback from the n-world and, the fragility of the tele manipulated n-objects make real -time force feedback an absolute necessity of the macro-n-world interface. Indeed, it is fundamental to the understanding of the condition of the gripper during operation. An excessive force  applied on an n-object may lead to a non-negligible degree of probe or object deformation and may destroy the n-object or make it flip away.

Force Sensing at the Nano-Scale 

Very small gripping and contact forces in the range of 0.1 -200 µN and more must be sensed with nano-Newton resolution. Only a few results can be found in literature about the use of AFM-based force sensors in other fields than scanning probe microscopy. The cantilever serves as a force transducer. The cantilever deflection can be measured using a laser beam and a quad-photodiode detector system (see Figure 2(a)). The cantilever can be considered an elastic spring, and the force exerted on the sample given by Hooke's law:

                 F=kδ : k:= proportionality constant, δ:=cantilever deflection

Force-Feedback Display

The goal of the force control development is to enable the operator a straightforward and flexible handling of n-objects with the help of  forced information. Depending on the sensor information and the requirements for the n-world representation, haptic interface allow the operator to feel and control the n-forces  (usually through an AFM cantilever beam) by hand in case of a lack or absence of visual information. An ideal haptic device should provide full transparency of motions and forces of the a n-world. The mechanical structure of a haptic device should l have the following properties: high structural stiffness in order to feel soft and rigid surfaces; very low backlash, which is necessary for precise nano-manipulation; no mechanical singularities; and back drive ability-necessary, because during n-manipulation the operator should often move a haptic's handle in the direction opposite to the acting force.
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2 .(a)cantilever deflection measurement using laser beam and a quad-photodector system. Defenition of 3-D contact forces when the AFM probe tip is actuating an n-particle strategy (b)force –balancing force sensor



The griping forces can range from several milli - Newtons down to tens of nano-Newtons. This means that the estimated of maximal force to minimal force used in n- robotics is around 105 :1 .Therefore, the haptic device should also provide force feedback in the same wide range of forces. The most intensive research in the field has probably been carried out at UNC-CH  and produced the 'nano-manipulator" an AFM - human interface that uses a 3-D display and haptic rendering based on Sens Able's PHANTOM  However, in most cases it is not well adapted to the nano-manipulation constraints. For n-characterization of materials through an AFM tip, surface force topographies should be felt on the operator's hand ( inter atomic forces at the nano scale ). while moving on the sample surface in x-y coordinates. It necessitates only one degree of freedom (DOF)such as nano-touch haptic feedback: see Figure 4(a)


In the case of tele-operation of mobile nano-manipulators with a resolution of   around several nanometers and a large working area of tens of centimeters (working in a SEM chamber), the ratio between working area and motion resolution is 109 :1. It follows that an ideal haptic
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3.Structure of AFM based piezo-resistive force  sensing with integration of a wheatstone bridge 

(a) force sensing in one dimension (b)in three dimensions.



device should be able to control the n-robot over large distances as well as with high resolution. The ideal haptic device should provide stability during fast and precise positioning with low- and high frequency or operator gesture. Figure 4(b)-(c)


presents various multi - DOF  haptic devices that allow the operator to feel and control the forces in the n-world by   hand and to change the position

of the AFM -based manipulator by changing the position of his hand in a plane  or in space . In order to improve the mechanical sensitivity-the inertia and the stiffness of such haptic-based serial kinematics structures(stack of single-DOF linear and rotational stages)-parallel kinematic structures are preferred, such  as the Delta Haptic Device (DHD) shown in Figure 4(d). One of the interesting features is its geometric configuration (three double-bar parallelograms), which forces the force gripper to always be in a plane parallel to the base plane of the device.

Multi-Sensory Haptic Rendering
The information representation could be realized by visual interfaces, by haptic devices, or by acoustic interfaces. Using multimodal interfaces for a nano-robot -based nano-handling of a cell, it is possible to provide visual, haptic, and sound force feedback from the n-handling place. Real -time force-feedback control can also be performed through 3-D vision -based force sensing on a computer display. The information representation is visualized directly by the operator through 3-D -based simulation graphics. Vision -based nano-force sensing provides a simple method to use as a reliable force sensor. Due to the observation limitation inherent to the design of AFMs, visual feedback is not always possible. Furthermore, due to the design of AFMs,the forces exerted on the AFM tip cannot be resolved in 3-D.Models have been developed to augment lacking information i.e., surface deformations and 3-D resolution of  forces exerted on the AFM tip.  Through force models, 3-D force models, 3-D force feedback from the AFM -probe can be given to the user and otherwise invisible deformations can be visualized in real time. Finally, it should be noticed that acoustic interfaces based on 3-D sound can help the operator through auditory channels to feel the magnitude of the applied  n-forces. For example, sound plays a large role in determining how we perceive events, and  it can be critical in giving the user/viewer a sense of 

immersion. The sonification process is placed in coordination with the haptic and vision sensory processes during action for completing the multi-sensory rendering of the interaction force in real time. As an example, Figure 5 presents a real-time multi-sensorial platform equipped with a force feedback device and generating the visual and auditory scene in accordance with the dynamics of  
[image: image11.png]



nano-scale effects (tip-surface interactions) Vibration feedback could be used for tactile display to sense impact events such as tapping and handling at the n-world. For vibration feedback in virtual environments, a model is used in order to determine the forces to display. When the above mentioned techniques are unified, the tele-operator is approaching the state of "full immersion." or "tele-presence."

Modeling Issues at Nanoscale


The behavior of systems at the n-world level is very complex to understand and to manipulate. Moreover, since a human operates based on the macro-world model physics, tasks cannot be easily executed by the operator. When the objects are scaled down to the nanometer scale, there are many significant changes in the physics and properties of materials:
        1)the surface -to-volume ratio increases, i.e.,      surface forces, friction, and drag forces dominate inertial forces, surface properties could dominate bulk properties, and friction also becomes a function of the contact area.
        2) the dynamics of the objects become faster and 

3) heat dissipation increases. For parts with dimensions less than 100µm, adhesive forces such as electrostatic, Vander Waals, and surface tension become dominant with respect to inertial forces and make it difficult to grasp and release n-parts during operation. An under standing of  n-dynamics and the effect of various nonlinear forces, together with a reliable modeling approach, is a critical issue for the success of  manipulation tasks. Assuming that the AFM tip is spherical, then the nano-forces between a sphere, a particle, and an elastic flat substrate are to be modeled for simulating the n-manipulation interactions in a VR environment. 


Scaling Effects


Figure 5 illustrates quantitative information of forces between the AFM probe tip and a sample as a function of the tip-sample   distance in ambient conditions. If the AFM tip approaches the sample surface, the cantilevers deflected from its original position. During the approaching phase of  the tip to the surface (point 1), there is no tip-sample contract. Tip-sample contact occurs at (point 2) where the tip jumps into contact with the sample due to Vander Waals and electrostatic forces. The cantilever is deflected further under an increasing force at the direction, the force of the cantilever is decreasing (point3). Adhesive forces between the tip and the sample keep the tip in contact with the sample beyond the previous first contact force. This leads to negative deflection of the cantilever (poing4) The cantilever then breaks free (point5) from the surface (pull -out) and returns to its starting deflection (point 1). The main forces causing the non contact attraction and the non contact repulsion are mainly due to adhesive micro-forces (Vander Waals , F vdw  capillary, Fcap ,electrostatics, Felec  , and the repulsive contact interactions are due to friction forces at the nano-scale, Ffic .


Virtual Simulation for n-manipulation Tasks


These reality-based models could be used to enhance the haptic display of virtual environments at the n-scale, VR-domain modeling will consist of using this knowledge to construct a 3-D model of the environment that simulates in a realistic manner the n-interactions, i.e., attractive repulsive, adhesive, and frictional n-forces, as shown in Figure 7. When a proper virtual environment is available, it will greatly help to design n-operation activities. For example: 1) it will help visualize the virtual movement in the n-world during manipulation as a way for planning automatic assembly tasks, 2) it will make possible the virtual force reflection that aids the development of force-control methods for n-tele-manipulation, and 3) it facilitates testing of different manipulator and tool structures before constructing them reducing the development cost. For example, Figure 7(a) shows the physically based simulation of an AFM probe tip contacting a n-sphere . The n-sphere is surrounded by a force field, which corresponds to the minimum distance so that the objects can be attracted to each other. From a physical point of view, this force field represents the combination of non contact forces at the micro-world., i.e., electrostatic, adhesive, And Vander Waals forces. By implementing the physical model of these non contact attractive forces, the theoretical distance can be estimated with high precision during n-positioning; see Figure 7(b) . However, it does not take into account the physical and geometrical imperfections of the objects and manipulator tip. An experimental calibration procedure allows avoiding such problems.


Further more, haptic rendering algorithms offer the possibility to generate an adequate force field to simulate the contour of the object and the surface properties such as friction  and texture , which enhance the virtual haptic display of  n-objects. Image-based texture maps can be used to modulate any of the surface parameters-friction, viscosity, or stiffness ,
Accurate physical simulation, which has been studied in computational mechanics, can provide a  powerful tool for automatically generating elastic deformations. They have been traditionally very expensive in terms of computation time but are becoming increasingly affordable with the continually growing performance of computer hardware .The basic approach for contact problems  to detect penetration between objects and compute an appropriate response that eliminates, minimizes, or reduces penetration, especially for biological micromanipulation cells. Figure 8 gives an example of  force calculation and 3-D display during surface

deformation of an n-object. When the cantilever touches the surface and is pushed further into the surface and the tip. Thus, the operator can visualize the effect of the interactive force as well as feel the reflected force. To speed up the graphical display, the entire shape varying during the object deformation is not implemented, but the curved surfaces of the deforming object are approximated using linearly varying planes.



As it is well known, n-interaction is not reproducible enough to automate a n-procedure. Therefore, the use of physically based simulation techniques of 3-D multi-body n-systems would enhance the operator's skills by learning and feeling a realistic n-world in an off-line user-interaction, mode. Then, by practicing the adequate gesture through "trial and-error" schemes, the operator would be able in a real environment.

Complex Strategy of nanomanipulation


Nanotechnology will involve the planning and the scheduling of assembly sequences in an eutectic environment. As the n-scale, tasks are defined in a similar way as in macro-scale, such as positioning, assembling, gripping, releasing, adjusting, fixing-in-place, pushing, pulling, etc., of  individual   n-objects. Scheduling of Nano-handling

It is believed that free-space motion planning and the geometric assembly constraints in macro-world planners will directly apply in the micro-domain. However, fine motion planning and precise motion will differ from those in the macro-world. As has been shown previously, the assembly in n-domain is not reversible, motions required to release a part,   The forces involved in the adhesion process are the force of gravity Fig, the force of surface attraction 

                                Fsa=Fcap +Fvdw 

 (if we assume that no electrical charge on the sphere), and the force of tool attraction Fta 

3-D Path and Trajectory Planning Strategies

The  AFM mechanisms based on inter-atomic force interactions for holding the topology images of a substrate.  It can be applied to imaging all types of particles / samples that are fully or partially fixed on a substrate with homogeneous surface stiffness and inter-atomic force properties.  Some applications of AFMs such as nano-cutting, nanolithography of nano-materials , or nano-measurement of samples, i.e. adenoviruses, ADN fibers, etc.  Changing its function from only imaging to both imaging and manipulation 3-D path and trajectory planning strategies of an AFM - based force-controlled system are possible for 2-D positioning of n-particles using pushing operations. Figure 11 shows force feedback being used to maneuver a gold colloid particle across a mica surface into a gap that has been etched into a gold wire .  This gap forms a test fixture to study the energy states of the ball.  To move towards more complex assemblies requires the automation of nano-manipulation processes.

Due to thermal drift and hysteresis of AFM-tip nano-manipulators, it is difficult to plan modifications accurately based only on an image mode from scanned data.  One solution is to compensate for the spatial uncertainties associated with the AFM through Kalman filtering techniques.  Intuitive AR interfaces   hiding the details of performing complex 3-D tasks in combination with 3-D topography display seem to be also an attractive solution to some extent.  A real-time AFM - image during nano-manipulation becomes possible by locally updating the AFM image using force models.  Intuitive AR interfaces are investigated to assist a human operator with the different levels of planning and decision making involved in performing remote n-manipulation operations.

A number of features could be provided to make this possible;

1) Virtual barriers : to "fence off" areas or objects in order to protect against collisions (repulsive force fields) or contamination with other materials.             

 2).3-D stencils :  to constrain tele-operated motions to within predefined boundaries improving reliability and safety of probe tip

3)3-D tape measure : to determine straight line distances between any two points within the virtual 3-D image

4)Color change indication : dynamic changes in object color to warn of impending overturn, collisions, etc.,

5)Surface coloring : to indicate location and quantity of non-geometric information, such as temperature, radiation.
  

Experimental VR Systems for Nanotechnology


In this section, we give an overview of a few VR systems developed for nano-robotics - related applications A 3-D VR computer graphics display presents the topology of the nano-world to the user, and a 1-DOF haptic device used together with a 2-D conventional mouse is the master manipulator, which also enables force and tactile feedback from the nano-world. 

Conclusions:

VR interface to real-time simulations over high-speed net works hold a great deal of potential for molecular and nano-scientists.  The advantages of a VR interface are twofold.  First, it allows the scientist to gain a deeper understanding of the micro-/nano-world by allowing immersive visualization in three dimensions.  Second, a scientist can use personal intuition to steer a simulation towards more favorable or realistic results.  However, some problems still remain to be solved.  The time delay or the lag between a user action in the real world and the corresponding update of the state of the object in the virtual world is a major concern since it leads to unrealistic visualizations and, thus, to simulation sickness.  Modeling nano-forces in realistic-based models is necessary for reliable and guided nano-manipulation.  Real-time VR nano-dynamic simulations (generic continuum models for Vander Waals, capillary, contact deformation, and electrostatic forces) are needed to be developed for complex tip/object geometry shapes.  The lack of force-feedback input and output modality

through haptic devices such as a force-feedback CyberGrasp glove, etc. is another area for future research and development.  These haptic devices are important since they can offer 1) resistance to the movement of the molecule during simulation and, thus, can reflect the force which it can exert and 2) resistance proportional to the local temperature in the system to reflect the dissipation of work through friction.  In practice, tele-nano- manipulation systems and dedicated nano-haptic interfaces should 
be developed.  Real-time capable force - and kinesthetic - feedback interfaces with multi DOF nano-force - sensing axes are indispensable and should be an area of future research.  The required "feeling" of the n-world calls for additional force display information from, e.g., 3-D acoustic interfaces, non contact vision techniques, temperature, and so on.  In order to keep pace with real time interaction, VR technology must be supported by high-performance computers, the associated software, and high-bandwidth network capabilities.  Virtual reality also requires the development of new technologies such as displays that update in real-time with head motion; advances in sensory feedback such as force, touch, texture, temperature, and smell; and intelligent models of environments.  These limitations must be overcome before a fully functional VR system is useful in practice.  Additional development and refinement of the VR interface are needed to make a robust tool for the study of real nano-system.

Keywords:
Nano; robotics, virtual reality, haptic interfaces, nano-manipulation, multimodal perception.
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4.Haptic device interfaces for nano-manipulation:


(a)1-DOF haptic device (b)three planar  DOF positional input  and (c)3-DOF positional input and3-DOF translational inputs and 


(d) delta haptic device
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5.An example of a force-distance curve during approach to and retraction from a flat surface with piezo-resistive  AFM nano-probe.
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6.Parabolic nanoprobe tip and a flat surface interfacing (a) via the vander waals ,electrostatic force parameters , (b) via capiliary force parameters during approach to or retraction from phases, and (c) interfacing forces during positioning of n-particles by the AFM tip contact pushing
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7.(a) Interfacing adhesive n-forces when an AFM-based robot closely approaches  the n-sized  object and (b)potential attractive force field distribution
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8.3-D nanographics ; force display and surface deformation. To provide the operator with force feedback, the magnitude of the force is displayed as  a  conic in the computer –model.
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9.In this sequence o f images from left to right , a15-nm gold ball (circled) is moved avoiding collisions into a  testing , Force feedback is used when the ball is pushed and when it has slipped off the tip .
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10.Haptic and VR interfaces for real-time human/planner cooperation using physically based models for micro and nano-maniplators .Integration of repulsive force fields for boundary of the workspace and micro-sphere  obstacle for guidance of nano-planning tasks.
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