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Abstract:

Existing electronic Braille displays for accessibility are limited to text-based information. A new technology enables affordable electronic displays for viewing images by the sense of touch on a reusable surface. Applications include education, engineering/artistic design, web surfing, and viewing of art and photographs.

Oral/Poster Preference: Please consider for both, would prefer oral. A short video of the prototype display in operation is available for part of an oral presentation.

Symposium Topic: Display Systems appears to be the closest match.
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Technical Summary (Roberts/Slattery)

Objective and Background:

Information accessibility is an important issue for modern information/display systems. Millions of blind and visually impaired users of information systems are able to operate the systems using the sense of touch in place of vision. Electronic Braille displays can be used to present text, mathematical expressions, and musical notation using a line of characters formed by a pattern of six or eight raised dots. There is also a need for graphical information – as the old saying goes, in many instances a picture is worth a thousand words. Unfortunately, Braille displays are not suitable for graphics.

Electronic Braille displays use a reading surface covered with a pattern of holes, containing pins with rounded tips. The pins can be selectively raised or lowered under computer control to form the desired Braille characters, which the user reads by moving the fingertips across the surface. Generally, a high voltage piezoelectric actuator is attached to each pin in the display. The actuator assemblies and associated electronics are the most expensive parts of the display – a model that displays a full line (80 characters) of Braille text in the 8-dot code has 640 actuators, and may cost $12000 – $15000 US.

A tactile graphic display uses a two-dimensional array of pins to form images. The need for thousands of pins drives the cost of a piezoelectric tactile graphic display beyond the reach of almost all potential users – the only such device the authors are aware of has an array of 3072 pins, and is reported to cost over $40000 US.

An alternative approach, the embosser, makes a raised pattern on sheets of heavy paper or plastic. While they are excellent for permanent tactile records, the cost and bulk of the paper or plastic media limits practicality when many tactile images are needed.

Just as sighted users have monitors with a refreshable visual display surface, blind and visually impaired users need a refreshable tactile graphic display that does not depend on permanent printouts for its output. Piezoelectric technology is too expensive for most users. The challenge is to make a refreshable display that is affordable.

Results:

 The key to an affordable tactile graphic array is to minimize the cost per pin by abandoning the traditional approach of one powered actuator for each pin. The new design uses simple metal pins without powered components – a single device controls all the pins in the display. Images are converted to vector format then “drawn” onto the display to form a pattern of raised dots. After the drawing is completed, all the pins in the display are locked in place with a single locking mechanism, so that the finger pressure of the user does not move the pins. After reading, the pins are unlocked and reset to the recessed position, preparing the display for another image. The combination of passive pins, vector drawing, and a locking mechanism makes it possible to build a display that is both highly usable and very low in cost. A working prototype has been built and shown to several groups of blind users.

The passive pins that make up the pixels of the tactile display are very simple in design, with a rounded tip at one end, a large rounded head at the other end, and one or more ridges along the shaft. The pins are mounted in a stack of metal plates, with holes through all the plates to hold the pins. The pins are just long enough to allow the tips to protrude slightly from the bottom plate of the stack when the pins are in the recessed position. The spacing between the pins in the tactile array, the diameter of the heads, and the distance the pins are raised are all chosen to produce a usable tactile image, based on the characteristics of the human sense of touch, and verified by testing. Selected pins are set (raised) by a device somewhat like an enlarged spring-loaded ballpoint pen, which moves along the underside of the bottom plate. Wherever the writing device moves, it leaves a trail of raised pins, which the user interprets as a line or curve. 

The actuator that writes on the underside of the display is mounted on an X-Y positioner. Images are converted to vector format, which is essentially a line drawing of boundaries of the objects in the field of view, expressed as a list of X-Y coordinates with PEN UP and PEN DOWN instructions inserted in the list. Vector format is fairly common in some text markup languages and file formats for commercial poster production. The sense of touch has much lower spatial resolution than eyesight, so it is important that the converted vector image have an appropriate amount of detail to convey the desired information without causing confusion. For the amount of detail that is useful in a tactile graphic image, vector drawing is much faster than a raster scanning process that addresses all of the pins of the display in sequence.

A two-step process is used for locking the pins in place. While the positioner is drawing the image, a simple friction fit prevents the pins that have already been set from dropping back into the reset position. Once the drawing is complete, a “hard lock” holds the pins with great resistance to finger pressure. The hard lock mechanism in the prototype uses a thin sliding sheet of metal between two of the plates in the tactile array, with holes for the pins. In the unlocked position of the metal sheet, the shafts of the pins do not contact the metal sheet. To lock the pins, the metal sheet is moved so that the edge of each hole contacts the shaft of the corresponding pin, so that the shaft ridges of the pins that have been set can not pass through the holes in the metal sheet. 

The working prototype built by the project team has a display surface 7 inches (178 mm) wide by 5 inches (127 mm) high, with pin spacing of 0.1 inch (2.54 mm), for a total of 3621 pins. The reading surface is mounted on an old X-Y graphics plotter, which was originally designed to write “down” onto a sheet of paper, and was converted to write “up” to the underside of the tactile array. A commercial display will use a positioner designed specifically for the display, allowing compact design and portable operation.

Impact:

The extreme simplicity of the design approach and the extensive use of low cost, passive parts allow construction of tactile graphic display at very low cost compared to alternative technologies. The initial estimate is that a commercial display could be built to sell for approximately $2000 to $3000 US, up to a factor of 20 cost saving compared to piezoelectric technology. The manufacturing learning curve will eventually lead to even lower cost displays. Response of users who have tried the prototype has been overwhelmingly positive. The current pin density is highly usable, and future devices could employ higher pin density and larger display area.

The project was initiated in response to requests from blind engineers who want to view many intermediate stages of their designs without producing a large stack of expensive embossed printouts that are immediately discarded, and from mathematicians who want to feel the effects on a mathematical curve as they alter the parameters. Applications in schools, libraries, and the workplace are obvious. Users at work or at home can view collections of images and can easily send images to one another over the Internet, conveniences long enjoyed by sighted users. Preliminary studies with photographic images shows that tactile display is practical if the amount of image detail is reduced to what can easily be interpreted by the user – it may some day be possible for blind users to routinely take and view their own photographs. Some users have requested the ability to use the display as an input device – future commercial versions may employ acoustic touchpad/touchscreen technology to locate a spot that the user indicates by tapping the display.

The National Institute of Standards and Technology (NIST) has developed this technology in collaboration with the National Federation of the Blind (NFB), and has entered into an agreement in which the NFB will perform further evaluation of the display and study the design of an ideal user control interface. NIST has filed a patent on the technology and is making it available to manufacturers and to researchers in other organizations. It appears likely that this technology is well on the way to use in commercial displays that will significantly improve information accessibility.
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Prototype tactile graphic display, detail of image formed with raised pins
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