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HAPTIC TECHNOLOGY

Terms

Haptic, as an adjective, means relating to the tactile sense, the sense of touch, from the Greek, haptesthai, to touch.  Webopedia [1] defines haptics as the “science of applying tactile sensation to human interaction with computers.”  A haptic device is one that involves physical contact between the computer and the user.  This can be done through an input/output device that senses the body’s movements, such as a joystick or data glove.  By using haptic devices, the user can not only feed information to the computer but can receive information from the computer in the form of a felt sensation on some part of the body.  This is referred to as a haptic interface.  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—hardware and software that simulates humans’ sense of touch and feel through tactile vibrations or force feedback. [2] 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.  Tactile feedback makes use of devices that interact with the nerve endings in the skin to 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. [3] In applied arts and design, a research fellow states, “for applied artists and designers, spatial thinking and the sense of touch is integral to the process of creativity.” [4]

History

     “The scientific history of haptic research may be said to have begun with the work of Ernst Heinrich Weber who was a professor at the University of Leipzig from 1818 to 1871.  Throughout his career he conducted a great many, often extremely uncomfortable, experiments exploring the anatomy and physiology of the senses.”[5] Experiments are still going on. Ivan Sutherland, in his 1963 MIT PhD thesis, created Sketchpad and opened the field of computer graphics.  His head-mounted “Sproull” of 1966 anticipated virtual reality. He suggested, “the human kinesthetic sense is yet another independent channel to the brain, a channel whose information is assimilated quite subconsciously.” [6] Computer gaming popularized haptics in the mid-1990’s, “when force-feedback joysticks became the rage.” [7] Research in the TouchLab of Queens University, Ontario, Canada focused on the sense of touch in work that has examined how normally sighted and blind people come to learn about the world around them through haptic exploration and manipulation.  Some applications of this study include the design of tangible graphics for the blind—raised maps, pictures.  Research has expanded into the design of autonomous robots equipped with tactile, force and position sensors embedded in robotic end effectors.  [8] Research at Stanford, led by Kenneth Salisbury, focuses on simulating complex manual tasks for surgical simulation and collaborative, networked environments. [9] Commercial computer games benefit from early haptic devices, like force feedback steering wheels that torque and vibrate on bumpy driving-game roads or flight simulator joysticks that are “getting closer and closer to the real thing.”[10]

How haptic technology works


In the real world, persons receive and disseminate information in three-dimensional space.  In a virtual world, the user can access information by imitating that three-dimensional space.  To incorporate the sense of touch (the haptic sense), a device is created that allowed the user to interact with a computer by receiving tactile feedback.  “A haptic device achieves this feedback by applying a degree of opposing force to the user along the x, y, and z axes.” [11] While there is now some haptic software, much of the design is algorithmic. 


However, to create a force feedback device still requires a great deal of math and engineering as well as computer graphic and computer language skills.  In the Force Feedback Data Glove, for example [http://www.caip.rutgers.edu/~bouzit/lrp/glove.html]

the principle of a force feedback is “simple”[states the engineers.] [12]  “It consists of opposing the movement of the hand in the same way that an object squeezed between the fingers resists the movement of the latter. The glove, in the absence of a real object must be capable of recreating the forces applied by the object on the human hand with the same intensity and the same direction.  The mechanical structure created was made up of five fingers and had 19 degrees of freedom, five of which were passive.  The mechanical structure adapted to different sizes of human hands and had a physical stop to offer security to the operator. The glove is controlled by 14 torque motors with continuous current equal to 1.4Nm.  The global scheme has two command loops.  Man is considered as a displacement generator while the glove is considered as a force generator.”(link to video presentation in power point)


Another example of multiple disciplines contributing to the knowledge to create a haptic device is shown in the research at MIT to create a simulator for a mastoidectomy. [http://www.crs4.it/vic/data/papers/presence-2003.pdf]  A real-time haptic and visual implementation of a bone-cutting burr is being developed.  “The current implementation, directly operating on a voxel discretization of patient-specific 3D CT and MR imaging data, is efficient enough to provide real-time feedback on a low-end multi-processing PC platform.” [13] In the experiment, the simulator worked fine, but the researchers would like to have data of actual drilling samples [non-simulated].

Advantages and Disadvantages of haptic technology


Advantages include that communication is centered through touch and that the digital world can behave like the real world.  When objects can be captured, manipulated, modified and rescaled digitally, working time is reduced.  Medical field simulators allow would be surgeons to practice digitally, gaining confidence in the procedure before working on breathing patients.  With haptic hardware and software, the designer can maneuver the part and feel the result, as if he/she were handling the physical object.  


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]

Future


All of the research studies and papers stated that more research is needed.  From the original gaming, so much has come about in less than 10 years.  It is exciting to think what might happen in the next 10 years.  Researchers at SUNY have completed experiments where they were able to transmit, from one person to another over the Internet, the sensation of touching a hard or soft object. [15] Medical researchers at Rutgers filed a patent application for a new, PC-based virtual reality system that provides stroke patients with virtual hands. [16] Artists and researchers at USC have developed a technology that will let individuals “feel” what a sculpture feels like at an art exhibit at a Haptic Museum [17] Virtual reality systems are also making headway into training for manned space operations. [18] There is a call for papers for a March/April 2004 conference on Haptic Rendering—Beyond Visual Computing.  “Haptics presents new challenges for the development of novel data structures to encode shape material properties, as well as new techniques for data processing, analysis, physical modeling, and visualization.” [19]

Vendors and proponents of haptic technology


Researchers at MIT and Stanford have lent their reputations and research to several vendors.  Kenneth Salisbury of Stanford, did work at MIT and SensAble Technologies Inc, emerged.  His labs do simulation for surgical training and work is funded by the NIH and Stanford’s Bio-X Program.[20]  Logitech presented the iFeel Mouse and the iFeel MouseMan—the first mainstream mice to transmit vibrations when a person scrolls over a hypertext link on a Web page.  [21]  IFEELPIXEL from Worldwide Tactile Community is a similar device. [22] Immersion is a corporation with many products; TouchSense is a well-known one.  [23]  Novint Technologies has e-touch sono, medical simulations, design and architecture telerobotics and more. [24] As the technology matures, there will probably be more vendors.

Learn more about haptic technology


There seem to be two excellent sources for further information.  An electronic journal of haptics research began in 1999/2000 and is called Haptics-e [25] There is free service for the academic community called The Haptic Community Web Site, sponsored by the Laboratory for Intelligent Mechanical Systems, Northwestern University at http://haptic.mech.nwu.edu  Four features include haptic research, jobs in haptics, links to paper archives, and conference announcements. [26]

Library environment applications


The information professional should know the key words of the haptic technology field.  It seems that with each research project, new words are added to the key words as listed in Webopedia’s Pervasive Computing [27] (link in power point). There is also the management of haptic data—compression and Internet applications.  It is also important that there be open communication between the librarian in charge of purchasing and the professor of computer science classes. Some of journals listed in computer science professor’s reading lists [28] are part of membership fees that are quite high.  The U of M has most of these journals, but a smaller institution may not.  Consortiums may have to be developed, as more online journals become the norm.   


The old song, “See me, touch me, feel me…” is now part of digital technology.  New modeling systems are being developed that allow designers to use their existing skills while working in the virtual environment.  “The potential of such technologies to allow a less constrained, more naturalistic interaction with virtual models has increased the drive towards computer support for the whole design process.”  [29]
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