1. Introduction
Initially, computers could deal only with numbers. It took many years to realize the importance of operating with text. The introduction of CRT display technologies allowed graphics to be displayed, giving us a new way to interact with computers. As processing power increased over time, three-dimensional (3D) graphics became more common, and we may now peer into synthetic worlds that seem solid and almost real. Likewise, until recently, the notion of carrying on a “conversation” with our computer was far-fetched. Now, speech technology has progressed to the point that many interesting applications are being considered. Just over the horizon, computer vision is destined to play a role in face and gesture recognition. It seems clear that as the art of computing progresses, even more of the human sensory palette will become engaged.

It is likely that the sense of touch (haptics) will be the next sense to play an important role in this evolution. 
We use touch pervasively in our everyday lives, and are accustomed to easy manipulation of objects in three dimensions. Even our conversation is peppered with references to touching. We principally use our hands to explore and interact with our surroundings. The hand is unique in this respect because it is both an input device and an output device, sensing and actuation are integrated within the same active living mechanism. Just as the primitive man forged hand tools to triumph over harsh nature, we need to develop smart devices to interface with information-rich real and virtual worlds. Given the ever-increasing quantities and types of information that surrounds us, and to which we need to respond rapidly, there is a critical need to explore new ways to interact with information. In order to be efficient in this interaction, it is essential that we utilize all of our sensorimotor capabilities. Our haptic system – with its tactile, kinesthetic, and motor capabilities together with the associated cognitive processes– presents a uniquely bi-directional information channel to our brains, yet it remains underutilized. Haptics is poised for rapid growth. Haptics is receiving broad, global acceptance. There are many terms used to describe haptics technology in user interfaces, including “full force feedback,” “rumble feedback,” “tactile feedback,” “touch-enabled,” “vibration,” and “vibrotactile.
 2. History
As a field of study, haptics has closely paralleled the rise and evolution of automation. Before the industrial revolution, scientists focused on how living things experienced touch. Biologists learned that even simple organisms, such as jellyfish and worms, possessed sophisticated touch responses. In the early part of the 20th century, psychologists and medical researchers actively studied how humans experience touch. Appropriately so, this branch of science became known as human haptics, and it revealed that the human hand, the primary structure associated with the sense of touch, was extraordinarily complex.
With 27 bones and 40 muscles, including muscles located in the forearm, the hand offers tremendous dexterity. Scientists quantify this dexterity using a concept known as degrees of freedom. A degree of freedom is movement afforded by a single joint. Because the human hand contains 22 joints, it allows movement with 22 degrees of freedom. The skin covering the hand is also rich with receptors and nerves, components of the nervous system that communicate touch sensations to the brain and spinal cord.

Then came the development of machines and robots. These mechanical devices also had to touch and feel their environment, so researchers began to study how this sensation could be transferred to machines. The era of machine haptics had begun. The earliest machines that allowed haptic interaction with remote objects were simple lever-and-cable-actuated tongs placed at the end of a pole. By moving, orienting and squeezing a pistol grip, a worker could remotely control tongs, which could be used to grab, move and manipulate an object.

In the 1940s, these relatively crude remote manipulation systems were improved to serve the nuclear and hazardous material industries. Through a machine interface, workers could manipulate toxic and dangerous substances without risking exposure. Eventually, scientists developed designs that replaced mechanical connections with motors and electronic signals. This made it possible to communicate even subtle hand actions to a remote manipulator more efficiently than ever before.
The next big advance arrived in the form of the electronic computer. At first, computers were used to control machines in a real environment (think of the computer that controls a factory robot in an auto assembly plant). But by the 1980s, computers could generate virtual environments -- 3-D worlds into which users could be cast. In these early virtual environments, users could receive stimuli through sight and sound only. Haptic interaction with simulated objects would remain limited for many years.
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Then, in 1993, the Artificial Intelligence Laboratory at the Massachusetts Institute of Technology (MIT) constructed a device that delivered haptic stimulation, finally making it possible to touch and feel a computer-generated object. The scientists working on the project began to describe their area of research as computer haptics to differentiate it from machine and human haptics. Today, computer haptics is defined as the systems required -- both hardware and software -- to render the touch and feel of virtual objects. It is a rapidly growing field that is yielding a number of promising haptic technologies.
3. What is Haptics?
Haptics is the study of how to couple the human sense of touch with a computer-generated world. 
Humans use their hands in exploring environments that have poor or no visibility. For instance, divers in murky water use their haptic senses in substitution for their visual senses with little loss in performance. Humans are very good at identifying three-dimensional objects placed in their hand, but are not as able to identify two-dimensional objects. Although not as adept at searching across a two-dimensional space, humans have particular ways of exploring such spaces. In two-dimensional exploration, such as exploring raised surfaces on a plane, humans use a set of exploratory procedures.
The human haptic system is made up of two sub-systems, the motor sub-system and the sensory sub-system. Humans use two different forms of haptic exploration: active and passive. Active haptic exploration is when the user controls his own actions. Passive haptic exploration is when the hand or finger of the user is guided by another person. In the case of two-dimensional exploration the most common mistake is that of wandering off of a contour and the user must spend a large amount of effort to stay on the contour. However, when the subject is being guided, her entire attention can be devoted to identifying the object represented. 
 4. Haptic Interface Devices 
Haptic interaction between a person and a computer requires a special device that can convert motion of the person to meaningful quantities that can be input to the computer, and at the same time, convert computed quantities to physical forces and torques that can be felt by the person. Many different kinds of devices have been invented that enable haptic interaction with the whole hand, or arm, or even the whole body. We consider here only the type of device that can be engaged by the hand. Haptic devices can have several degrees of freedom (DOF). For example, an ordinary mouse device has two DOFs; that is, it can be moved left/right, and also moved forward/backward, yielding two independent position measurements for input to the computer. Adding motors or other actuators to these devices would permit haptic interaction, since they could then serve not only as input devices, but also as output devices.
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Haptic devices with 3 DOFs allow translation in 3D, and those with 6 DOFs allow both translation and rotation in3D. Haptic devices usually employ either serial or parallel linkages whose joint positions are measured with encoders and whose joint torques are affected by motors. The device is capable of feeling frequencies of several hundred Hz bandwidth by an electromechanical device .And also  feel small nuances of the virtual environment (e.g., fine texture or stick-slip friction) the device must be able to resolve extremely small changes in position and force maximized. Haptic devices primarily engage the  proprioceptive senses in the hand and arm, but also involve the discriminative touch sensors, chiefly through highfrequency effects. Collectively, bandwidth, resolution, and impedance range determine the fidelity of the haptic device.
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5. Haptic rendering
To be able to “feel” computed quantities, there must be algorithms and computer programs capable of deriving correct force and torque values for a given situation to be output to a haptic interface device. The term haptic rendering is used to describe these operations, in analogy with the familiar rendering of graphics on a computer display. Normally, haptic rendering is accompanied by simultaneous graphical rendering in what is more properly referred to as a visual/haptic interface. Unlike graphical rendering which can satisfy the eye at update rates of 30frames per second or even less, haptic rendering must be done at rates approaching a kilohertz to feel right to the hand. In many cases, one may desire to interact haptically with three-dimensional objects modeled in the computer. For example, suppose we have modeled a cube and a cone by using mathematical formulas that define their surfaces, and we wish to be able to touch these virtual objects with a point-like probe. The haptic system establishes a one-to one correspondence between the (virtual) probe point and the position of the haptic device handle.

 6. Types of Haptic Feedback

Haptic feedback can be broadly divided into two modalities:
 6.1 Force feedback is the area of haptics that deals with devices that interact with the muscles and tendons that give the human a sensation of a force being applied. These devices mainly consist of robotic manipulators that push back against a user with the forces that correspond to the environment that the virtual effector is in. Kinestheticfeedback focuses on the gross movement of the human body. It’s been employed in medical simulationtrainers, programmable haptic knobs, video game steering wheels, and virtual reality systems,

 6.2 Tactile feedback deals with the devices that interact with the nerve endings in the skin which indicate heat, pressure, and texture. These devices typically have been used to indicate whether or not the user is in contact with a virtual object. Other tactile feedback devices have been used to simulate the texture of a virtual object. Vibrotactile feedback stimulates human subcutaneous tissue. It’s been employed in mobile phones, video console gamepads, and certain touch panels. 
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In order to correctly design a haptic interface for a human, the anatomy and physiology of the body must be taken into consideration. Tactual sensory information conveyed to the brain from the hand in contact with an object can be divided into two classes:

(i) Tactile information, referring to the sense of the nature of contact with the object, mediated by the responses of low threshold mechanoreceptors innervating the skin (say, the fingerpad) within and around the contact region;

(ii) Kinesthetic information, referring to the sense of position and motion of limbs along with the associated forces, conveyed by the sensory receptors in the skin around the joints, joint capsules, tendons, and muscles, together with neural signals derived from motor commands.

In force feedback, the proportions and strengths of average joints must be considered. Since the hands are most often used for haptic interfaces, the properties of the hand should be considered when designing a new interface. In tactile feedback, the interface must track several variables of the human sense of touch. The fingers are one of the most sensitive parts of the surface of the skin, with up to 135 sensors per square centimeter at the finger tip. Also, the finger is sensitive to up to 10,000 Hz vibrations when sensing textures, and is most sensitive at approximately 230 Hz. The fingers also cannot distinguish between two force signals above 320 Hz; they are just sensed as vibrations. Forces on individual fingers should be less than 30-50 N total. For the average user, the index finger can exert 7 N, middle finger 6 N, and ring fingers 4.5 N without experiencing discomfort or fatigue.
 7. Example Haptic Devices
· The PHANTOM® interface from SensAble Technologies was one of the first haptic systems to be sold commercially. The PHANToM interface's novelty lies in its small size, relatively low cost and its simplification of tactile information. Rather than displaying information from many different points, this haptic device provides high-fidelity feedback to simulate touching at a single point. It achieves this through a stylus which is connected to a lamp-like arm. Three small motors give force feedback to the user by exerting pressure on the stylus. So, a user can feel the elasticity of a virtual balloon or the solidity of a brick wall. He or she can also feel texture, temperature and weight.The stylus can be customized so that it closely resembles just about any object.It just like closing your eyes, holding a pen and touching everything in your office. You could actually tell a lot about those objects from that single point of contact. You'd recognize your computer keyboard, the monitor, the telephone, desktop and so on. For example, it can be fitted with a syringe attachment to simulate what it feels like to pierce skin   and muscle when giving a shot.
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The Omni®, the entry-level device in the PHANTOM line from SensAble Technologies
· The Cyber Grasp system, another commercially available haptic interface from Immersion Corporation, takes a different approach. This device fits over the user's entire hand like an exoskeleton and adds resistive force feedback to each finger. Five actuators produce the forces, which are transmitted along tendons that connect the fingertips to the exoskeleton. With the Cyber Grasp system, users are able to feel the size and shape of virtual objects that only exist in a computer-generated world. To make sure a user's fingers don't penetrate or crush a virtual solid object, the actuators can be individually programmed to match the object's physical properties.
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Cyber Grasp from Immersion Technology
8. How Does Haptics Work
Typically, a haptics system includes

· Sensor(s)
· Actuator (motor) control circuitry
· One or more actuators that either vibrate or exert force
· Real-time algorithms and a haptic effect library
· Application programming interface (API), and often a haptic effect authoring tool
The API is used to program calls to the actuator into the product’s operating system (OS). The calls specify which effect in the haptic effect library to play. When the user interacts with your product’s buttons, touch screen, lever, joystick/wheel, or other control, this control-position information is sent to the OS, which then sends the play command through the control circuitry to the actuator. Control system—Proper control of the actuators is achieved through software and electronics that process the touch input and provide appropriate instructions to the actuators. Control instructions should be optimized for the relevant actuator technology and for a desired phase portrait, one that allows suitable confirmation of a user’s input while not interfering with the primary focus. Providing this response requires selecting a processor with an appropriate drive output, spare processing capacity of 0.25MIPS and using a suitable amplifier for the target actuator. The entire communication path (from user input to the start of a haptic response) should be less than 30ms.

Haptic feedback system architecture  includes one or more actuators—either DC electromagnetic or larger custom designed devices—that must correctly mounted to the touch screen, haptic control software which may either be installed on a control board or embedded in the product’s main microprocessor, a haptic effects library; and a programming interface for calling haptic effects from the host application. Incorrect implementation of any of these elements often leads to a failed design.This way, your product’s haptic effects are context-appropriate, making operation engaging, intuitive, and natural.
8.1 Haptic Actuators

 Haptic actuator is the mechanisms to convey forces to the user’s hands or body. These include vibrotactile actuators; direct-, belt-, gear-, or cable-driven mechanisms; and other proprietary haptic devices that supply textures and vibration, assistance, resistance, and damping forces to the user. 
8.2Haptic Actuator Control Software
Haptic Actuator control software includes both closed- and open-loop control schemes. In closed-loop control, the firmware reads sensors from the input/output devices, and then calculates and applies the haptic output forces in real time based on the sensor data. In open-loop control, a triggering event will activate the firmware to calculate and send the haptic output signal to the actuator in real time.
8.3Haptic APIs and Authoring Tools
Authoring tools for creating, visualizing, modifying, archiving, and experiencing  haptic feedback. Programming interface—Software integration can be helped by a streamlined API to call the tactile effects from the host application. A software development kit may also be useful. One such kit gives designers several programming options including a Windows ActiveX control, across-platform API in source code form, and communications support for custom interfaces.
8.4Controller circuitry
An optional custom-made controller supports the implementation of user-defined filters for various purposes such as echo removal, frequency-specific enhancement or attenuation, or time-domain processing. The micro-controller has on-chip analog-to-digital and digital-to-analog converters. The clock frequency was set to 8 MHz which is sufficient to sample the inputs and perform some filtering with the aid of an internal multiply and Accumulate unit. 

8.5Haptic Effect Library
Haptic Library is a component-based open source library which provides a Hardware Abstraction Layer for access to haptic devices. Different hardware from different manufactures can be easily accessed in a uniform way, allowing to remove from applications all dependencies on particular configurations of APIs, hardware and drivers.

Haptic is not tied to any particular graphics, physics or collision-detection SDKs, and has been designed to be user friendly, even with complex existing applications or within third party software frameworks. It can be effortless integrated with both procedure or class based code, allows for either polled or callback-based access, and supports both right-handed (OpenGL) and left-handed (DirectX) coordinate systems. Haptic consists of runtime-loaded plugins and therefore can be easily extended and customized. Moreover differently from many existing libraries its component-based architecture guarantees both backward and forward binary compatibility of compiled client applications with old and future versions of hardware devices, drivers, plugins and the library itself. This is obtained while still keeping the maximum performance achievable.
9. Haptic vs. non-Haptic HCI devices 
The most common HCI devices such as  keyboards,  mice and other pointers offer a passive, one-way interaction  with the computer. The force from the user is used to move   the device to a desired position. Thus, the human control-loop needs to be closed through a high-level sense, usually vision or hearing.  These senses require interpretation and leave little attention to perform other tasks.  It is far more intuitive, though, to close one part of the human control-loop locally (i.e. directly at the user’s hand), by exploiting the user’s lower-level sense of touch.  This gives  him  the  opportunity  to  perform  high-level  tasks  in parallel  and  concentrate  on  strategic  decisions.  The  haptic  channel  then  becomes  bi-directional  and  the  user  gets  to use the forces generated by the device as a straightforward,  intuitive source of information. 
10. Haptic devices characteristics 

The  overall  performance  of   haptic  systems  is closely  related  to  how  convincingly  the  human  sense  of touch can be tricked. There are many functional components in a generic haptic device, which contribute to the overall system performance. The following summarizes what is admitted to be the minimum requirements for an optimal haptic device (referred to as "ideal").

1.The mechanical  system  should have low inertia,  high stiffness  with  low  friction  (force  threshold)  and  no  backlash (mechanically induced force discontinuity).

2.The  force  actuators  should  enable  back-drivability, offer  a  high  dynamic  range  (ratio  between  the  force threshold and the maximum output force ideally < 1- 5%  [10]),  a  sufficient  maximum  force  (application dependant),  a  sufficient  force  output  resolution (ideally  <  0.01N   and  <  0.003Nm  )  and  a sufficient  force  and  torque  precision  (ideally < +-5%for  force  and  <  +-10%  for  torque  ,  not critical).

3.The  position  sensors  need  to  have  a  good  position sensing  resolution  (ideally  <  25µm  ,  very dependant on control loop), and a sufficient precision  (ideally < +-0.1 mm  and < +-1° , not critical).

4 .Force sensors should be added as close as possible to the human  user.  When well tuned, they greatly improve the overall system performance.

5. The local control loop must have a high frequency (10to  20  times  the  force  bandwidth   of  the  global control  loop),  to  ensure
(a)  That vibrations are kept under a sensable level (higher than the  maximum

Human sensitivity, which is between 40Hz and 400Hz;  ideally  >  1kHz).
(b) That  control  stability  is achieved  at  the  desired  contact  stiffness  with  the hardest virtual object.

6. The  global  force  interaction  low-frequency  loop ,typically  linked  to  a graphical  environment, needs  to be  as  high  as  possible  (ideally  >  20-30Hz  .  A great effort has to be done in terms of simplification of the interaction with the   huge amount of graphical information.

11. Benefits of Haptics
As a unique bi-directional communications channel, haptics provides benefits that also include important user interface paradigms that are either impossible or extremely difficult to produce without. Beyond performance, user satisfaction, and communication of non-visual information, there are additional benefits associated with haptics.
11.1Reconfigurability Computer-controlled tactile feedback is dynamic and can be easily adjusted to the user interaction state. Examples include modifying the number of detents on a knob to reflect different selection criteria or using dynamically configurable button arrays for POS systems.
11.2Continuous Control Tactile feedback provides immediate information to users during task execution, allowing them to modify their behavior to more effectively execute the task or to leverage the additional information for another purpose.
 11.3Affective Computing Haptic feedback, because of its intimacy, can add missing social context in situations where typical feedback or social cues are absent. One example is a child’s plush toy that responds to how it’s being treated through use of an actuator (motor) that emits growling or purring vibrations.
11.4Comfort and Aesthetics In many interactions, tactile feedback is expected. When the interface does not provide it, users may become irritated or confused. 
 11.5Dealing with Complexity There are numerous situations where human task performance suffers due to overly complex procedures or visual sensory overload. Haptics can help to offload the visual channel for the operator, reducing stress and improving efficiency.
 12. Applications of Haptic Technology
The world of haptics is expansive by definition. It is the field of science and technology, and it has applications for everything from handheld electronic devices to remotely operated robots. 
Mobile Consumer Technologies
Tactile haptic feedback is becoming common in cellular devices. Handset manufacturers like LG and Motorola are including different types of haptic technologies in their devices. In most cases this takes the form of vibration response to touch.

Computer and Video Games
Some simple haptic devices are common in the form of game controllers, in particular of joysticks and steering wheels.  An example of this feature is the simulated automobile steering wheels that are programmed to provide a "feel" of the road. As the user makes a turn or accelerates, the steering wheel responds by resisting turns or slipping out of control. Another concept of force feedback is that of the ability to change the temperature of the controlling device. This would prove especially efficient for prolonged usage of the device. However, due to the high cost of such a technology and the power drainage it would cause, the closest many manufacturers have come to realizing this concept has been to install air holes or small fans into the device to provide the user's hands with ventilation while operating the device.

Tele-operators
Haptic technology is also widely used in teleoperation, or telerobotics. In a telerobotic system, a human operator controls the movements of a robot that is located some distance away. Some teleoperated robots are limited to very simple tasks, such as aiming a camera and sending back visual images. In a more sophisticated form of teleoperation known as telepresence, the human operator has a sense of being located in the robot's environment. Haptics now makes it possible to include touch cues in addition to audio and visual cues in telepresence models.
Medical applications
Training with haptics is becoming more and more common. For example, medical students can now perfect delicate surgical techniques on the computer, feeling what it's like to suture blood vessels in an anastomosis or inject BOTOX into the muscle tissue of a virtual face.
Simulator                                                Aircraft mechanics can work with complex parts and service procedures, touching everything that they see on the computer screen. And soldiers can prepare for battle in a variety of ways, from learning how to defuse a bomb to operating a helicopter, tank or fighter jet in virtual combat scenarios.
13. Issues in the usage of Haptics Technology

Haptics applications can be extremely complex, requiring highly specialized hardware and considerable processing power. Insofar as the objects being manipulated in haptics are virtual, a compelling  interaction with the device requires that all of the physical properties and forces involved be programmed into the application .As a result, costs for haptics projects can be considerable. Those costs become manageable, however, if they are split among several institutions developing a haptics project or when haptics technologies are freely shared, allowing other institutions to pursue new applications based on existing frameworks .Various technical and social issues would crop up when haptics is put to widespread usage in near future.
· Hard Real time Operating Systems would be needed.

· Backward integration software would be required.

· Network delay compensation in tele-haptic applications

· Social changes will also be major issue.
 Disadvantages include debugging issues—these are complicated since they involve real-time data analysis.  Links in telemedicine must have 0% fault rates for extended periods of time.  The precision of touch requires a lot of advance design.  With only a sense of touch, haptic interfaces cannot deliver warnings.
 14. Possibilities for the Future
Development and refining of various kinds of haptic interfaces will continue, providing more and increasingly lifelike interactions with virtual objects and environments. Researchers will continue to investigate possible avenues for haptics to complement real experiences. Advances in hardware will provide opportunities to produce haptic devices in smaller packages, and haptic technology will find its way into increasingly commonplace tools. Additionally, consumer-

grade haptic devices are starting to appear on the market . The search for an inexpensive, portable and useful haptic display will be long and difficult, but it will continue for many years to come. 
Holographic Interaction
Researchers at the University of Tokyo are currently working on adding haptic feedback to holographic projections. The feedback allows the user to interact with a hologram and actually receive tactile response, as if the holographic object were physically real. The research uses ultrasound waves to create a phenomenon referred to as "acoustic radiation pressure" which provides tactile feedback to the user as they interact with the holographic object. The haptic technology does not affect the hologram, or the interaction with it, only the tactile response that the user perceives. The researchers posted a video displaying what they call the "Airborne Ultrasound Tactile Display."The technology is not yet ready for mass production or mainstream application in industries, but it is quickly progressing, and "industrial companies" are already showing a positive response to the technology.It is important to note that this example of possible future application is the first in which the user does not have to be outfitted with a special glove or use a special control, they can "just walk up and use  " which paints a promising picture for future applications.

Future Medical Applications
One currently developing innovation in the medical industry is the use of a central workstation from which surgeons would perform operations in various locations; with machine setup and patient preparation performed by local nursing staff. Rather than traveling to an operating room, the surgeon instead becomes a telepresence. This will allow expert surgeons to operate from across the country, increasing the overall availability of expert medical care. Haptic technology's role in this breakthrough will be as the provider of tactile and resistance feedback to the surgeon as he operates the robotic device. For instance, as the surgeon makes an incision, he will be able to feel ligaments in the way that he would if directly using his own hands.

Surgical training is also on the brink of advancement through haptic technology. Researchers at Stanford are currently focusing a large amount of effort on simulation of surgical training. Instead of having to wait for a certain type of operation for training in medical school, or as a resident, the operations could be simulated, allowing the surgeons and surgical students to practice more, and train more. Haptic technology will aid in the simulation by creating a realistic environment of touch. Much like the telepresence surgery, surgeons will be able to feel simulated ligaments or the pressure of a virtual incision as if it was real.

There is even talk that the clothing retail industry could gain from haptic technology in ways such as being able to "feel" the texture of clothes for sale on the internet.Future advancements in haptic technology may even create new industries that were not feasible or realistic before the advancements happening right now.
15. Conclusion    
 The study of haptics holds a key to unlocking interface problems with the computer. Haptics enable a fairly intuitive way for the human user to get information into the computer, and for the computer to display information from a virtual world. The function of these interfaces was portrayed as an attempt to tap human sensory-motor skills to improve communication between the humans and machines. . Advances in hardware will provide opportunities to produce haptic devices in smaller packages, and haptic technology will find its way into increasingly commonplace tools.Haptics is the future for online computing and e-commerce, it will enhance the shopper experience and help online shopper to feel the merchandise without leave their home. Because of the increasing applications of haptics, the cost of the haptic devices will drop in future. This will be one of the major reasons for commercializing haptics. With many new haptic devices being sold to industrial companies, haptics will soon be a part of a person’s normal computer interaction. This emerging technology promises to have wide reaching applications. In some fields it already has .For example ,haptic technology has made it possible to investigate to how the human sense of touch works , by allowing the creation of carefully controlled haptic virtual objects and hence they are used to probe human haptic capabilities.
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