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gram Which responds to tile identi?cations.
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TACTILE TILE VOCALIZATION

the sensing area, having locations for receiving tiles. Meta

BACKGROUND

data may be associated With lattice locations. For example, a
lattice cell’s name may be electronically spoken When a tile is

[0001] Braille is the mechanism blind people use most fre
quently to read and Write. The original Braille encoding Was
invented in 1821 by Louis Braille. Braille encoding uses
raised dots in a rectangular array to represent Written charac
ters. The characters may be from a natural language such as

French or English, but Braille encoding has also been
expanded to Write “characters” in mathematics, music, and
other notations. Some Braille encodings use six-dot arrays,
and some use eight-dot arrays. Because the number of dot

patterns easily distinguishable by touch is relatively limited,
many Braille characters have meanings Which vary based on
context. The mapping betWeen Braille characters and char
acters in a given natural language is generally not one-to-one.
Some kinds of Braille transcription also use contractions to

help increase reading speed.
[0002] In addition to Braille, other forms of Writing for
blind people have been devised. For example, Moon Writing
uses embossed symbols largely derived from a simpli?ed
Roman alphabet. Some people ?nd Moon Writing easier to

understand than Braille, although Moon Writing is mainly
used by people Who lost their sight sometime after learning
the visual shapes of letters. Instead of the dots of Braille,
Moon Writing uses raised curves, angles, and lines; an alpha
bet in Moon includes nine glyphs in various orientations. In
some forms of Moon Writing, the characters can represent

individual sounds, parts of Words, Whole Words or numbers.
SUMMARY

placed in the lattice cell. In some embodiments, tile place
ment can be used to control an application program Which is

con?gured to respond to tile identi?cations.
[0006] The examples given are merely illustrative. This
Summary is not intended to identify key features or essential
features of the claimed subject matter, nor is it intended to be
used to limit the scope of the claimed subject matter. Rather,
this Summary is provided to introduceiin a simpli?ed
formisome concepts that are further described beloW in the
Detailed Description. The innovation is de?ned With claims,
and to the extent this Summary con?icts With the claims, the

claims should prevail.
DESCRIPTION OF THE DRAWINGS

[0007] A more particular description Will be given With
reference to the attached draWings. These draWings only illus
trate selected aspects and thus do not fully determine cover
age or scope.

[0008]

FIG. 1 is a block diagram illustrating a computer

system having at least one processor, at least one memory, at

least one application program, and other items in an operating
environment Which may be present on multiple netWork

nodes, and also illustrating con?gured storage medium

embodiments;
[0009]

FIG. 2 is a block ?oW diagram illustrating a multi

sensory system for tactile symbol vocalization, Which may
include and/or be in operable communication With one or
more computer systems;
[0010] FIG. 3 is a How chart illustrating steps of some

[0003] Learning Braille or another tactile notation often
requires dedicated effort over an extended period. Individu

process and con?gured storage medium embodiments;

aliZed instruction by a sighted teacher generally provides the
most effective results, but ?nancial, geographic, and other

ments of bisensory tiles in a sensing area of a multisensory

constraints can make it dif?cult or impractical for students to

blind community.

[0012] FIG. 9 corresponds generally With FIG. 8 but illus
trates an alternative multisensory system con?guration in
Which visual symbols corresponding to placed tiles are also

[0004]

generated and displayed;

receive su?icient instruction. Braille literacy is loW Within the
Some embodiments described herein provide a

computerized system capable of reading Braille symbols

[0011]

FIGS. 4 through 8 illustrate a sequence of place

system for tactile symbol vocaliZation;

aloud, to aid people in learning and/or using Braille. Some
embodiments audibly assist a user of tactile symbols by (a)

[0013] FIG. 10 illustrates a lattice positioned over a sensing
area of a multisensory system; and
[0014] FIG. 11 illustrates a particular bisensory tile of a

electronically determining that a tile Which bears a tactile

multisensory system for tactile symbol vocaliZation.

symbol and a corresponding visual symbol has been placed in
a sensing area, (b) automatically distinguishing the placed tile
from other tiles, and (c) electronically producing an audible
phrase denoted by the tactile symbol of the placed tile. The
tile’s tactile symbol may be in Braille, Moon, or another

DETAILED DESCRIPTION

OvervieW
[0015] When a non-sighted person attempts to learn

tactile notation. The tile may be sensed and/or distinguished
from other tiles based on a magnetic signal, a signal generated
by the tile physically intercepting a light beam, an induced
capacitance signal, or a computer vision analysis of the tile’s
visual symbol, for example. Metadata may also be associated
With the tile.

back. Speci?cally, When a student of Braille is stymied by a
Braille symbol, they may seek assistance from a sighted per
son to provide or verify a reading of the symbol. Some

[0005] Additional placed tiles can be similarly sensed,
identi?ed, and vocaliZed. When multiple tiles are placed in

providing a computeriZed system capable of vocaliZing
Braille, that is, “reading” Braille symbols aloud.

the sensing area, they can be vocaliZed individually, or an

[0016] In some embodiments, Braille is printed on small
tangible objects referred to as “tiles”. A computer vision
system and/or another mechanism is used to identify the tiles.
When a tile is placed in a designated area, the system speaks
aloud the letter printed on it. When the tiles are placed adja
cent to one another, the system speaks the Word created by
those letters.

audible phrase spelled by their arrangement of tactile sym
bols can be produced. Some embodiments electronically pro
duce an audible phrase that is spelled by a sequence of placed
titles When those tiles are physically separated from one
another by less than a predetermined separation distance.
Some embodiments provide a lattice above or integral With

Braille, learning is sometimes hampered by a lack of feed

embodiments described herein help reduce or even eliminate

a student’s reliance on sighted people for such feedback, by
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[0022]

A “multiprocessor” computer system is a computer

[0017] Reference Will noW be made to exemplary embodi
ments such as those illustrated in the drawings, and speci?c
language Will be used herein to describe the same. But alter
ations and further modi?cations of the features illustrated

con?guration, all of the processors may be functionally equal,

herein, and additional applications of the principles illus

Whereas in another con?guration some processors may differ

trated herein, Which Would occur to one skilled in the relevant

art(s) and having possession of this disclosure, should be
considered Within the scope of the claims.

[0018]

The meaning of terms is clari?ed in this disclosure,

so the claims should be read With careful attention to these

clari?cations. Speci?c examples are given, but those of skill
in the relevant art(s) Will understand that other examples may
also fall Within the meaning of the terms used, and Within the

system Which has multiple logical processors. Multiproces
sor environments occur in various con?gurations. In a given

from other processors by virtue of having different hardWare

capabilities, different softWare assignments, orboth. Depend
ing on the con?guration, processors may be tightly coupled to
each other on a single bus, or they may be loosely coupled. In
some con?gurations the processors share a central memory,
in some they each have their oWn local memory, and in some

con?gurations both shared and local memories are present.

[0023] “Kernels” include operating systems, hypervisors,
virtual machines, and similar hardWare interface softWare.

scope of one or more claims. Terms do not necessarily have

[0024] “Application programs” include softWare Which

the same meaning here that they have in general usage, in the

interacts directly With a human user, through an interface

usage of a particular industry, or in a particular dictionary or
set of dictionaries. Reference numerals may be used With
various phrasings, to help shoW the breadth of a term. Omis
sion of a reference numeral from a given piece of text does not
necessarily mean that the content of a Figure is not being
discussed by the text. The inventors assert and exercise their
right to their oWn lexicography. Terms may be de?ned, either

Which provides visual and/or audible output and accepts input
controlled by physical movement of one or more input
devices.

[0025] “Code” means processor instructions, data (Which
includes constants, variables, and data structures), or both
instructions and data.
[0026] “Automatically” means by use of automation (e.g.,

explicitly or implicitly, here in the Detailed Description and/

general purpose computing hardWare con?gured by softWare

or elseWhere in the application ?le.

for speci?c operations discussed herein), as opposed to With
out automation. In particular, steps performed “automati

[0019]

As used herein, a “computer system” may include,

for example, one or more servers, motherboards, processing

cally” are not performed by hand on paper or in a person’s

nodes, personal computers (portable or not), personal digital

mind; they are performed With a machine.

assistants, cell or mobile phones, and/or device(s) providing

[0027] Throughout this document, use of the optional plu

one or more processors controlled at least in part by instruc

tions. The instructions may be in the form of softWare in

ral “(s)” means that one or more of the indicated feature is
present. For example, “tile(s)” means “one or more tiles” or

memory and/or specialiZed circuitry. In particular, although it

equivalently “at least one tile”.

may occur that many embodiments run on Workstation or

[0028] Throughout this document, unless expressly stated

laptop computers, other embodiments may run on other com
puting devices, and any one or more such devices may be part

otherWise any reference to a step in a process presumes that

of a given embodiment.
[0020] A “multithreaded” computer system is a computer

system Which supports multiple execution threads. The term
“thread” should be understood to include any code capable of
or subject to synchronization, and may also be knoWn by
another name, such as “task,” “process,” or “coroutine,” for

the step may be performed directly by a party of interest

and/or performed indirectly by the party through intervening
mechanisms and/or intervening entities, and still lie Within
the scope of the step. That is, direct performance of the step by
the party of interest is not required unless direct performance
is an expressly stated requirement. For example, a step
involving action by a party of interest such as “transmitting

example. The threads may run in parallel, in sequence, or in a

to”, “sending toWar ”, or “communicating to” a destination

combination of parallel execution (e.g., multiprocessing) and
sequential execution (e.g., time-sliced). Multithreaded envi

may involve intervening action such as forWarding, copying,

ronments have been designed in various con?gurations.

decompressing, encrypting, decrypting and so on by some
other party, yet still be understood as being performed

Execution threads may run in parallel, or threads may be

organiZed for parallel execution but actually take turns
executing in sequence. Multithreading may be implemented,
for example, by running different threads on different cores in

a multiprocessing environment, by time-slicing different
threads on a single processor core, or by some combination of

time-sliced and multi-processor threading. Thread context
sWitches may be initiated, for example, by a kernel’s thread
scheduler, by user-space signals, or by a combination of user
space and kernel operations. Threads may take turns operat
ing on shared data, or each thread may operate on its oWn data,

uploading, doWnloading, encoding, decoding, compressing,
directly by the party of interest.
[0029] Whenever reference is made to data or instructions,
it is understood that these items con?gure a computer-read
able memory thereby transforming it to a particular article, as
opposed to simply existing on paper, in a person’s mind, or as
a transitory signal on a Wire, for example.

[0030] Operating Environments
[0031]

With reference to FIG. 1, an operating environment

100 for an embodiment may include a computer system 102.

The computer system 102 may be a multiprocessor computer

for example.

system, or not. An operating environment may include one or

[0021] A “logical processor” or “processor” is a single
independent hardWare thread-proces sing unit. For example a
hyperthreaded quad core chip running tWo threads per core
has eight logical processors. Processors may be general pur

more machines in a given computer system, Which may be

clustered, client-server netWorked, and/or peer-to-peer net
Worked.
[0032] Human users 104 may interact With the computer

processing, signal processing, ?oating-point arithmetic pro

system 102 by using displays, keyboards, and other periph
erals 106. System administrators, developers, engineers, and

cessing, encryption, I/O processing, and so on.

end-users are each a particular type of user 104. Automated

pose, or they may be tailored for speci?c uses such as graphics
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agents acting on behalf of one or more people may also be

puter system 102 or other device programmed in accordance

users 104. Storage devices and/or networking devices may be
considered peripheral equipment in some embodiments.
Other computer systems not shoWn in FIG. 1 may interact
With the computer system 102 or With another system
embodiment using one or more connections to a netWork 108

With the teachings herein. Alternatively, the multisensory sys
tem 200 may be implemented partially or entirely using PAL,
ASIC, FPGA, or other special-purpose digital hardWare com
ponents and circuits to obtain the functionality taught herein.
[0039] In some embodiments, the multisensory system 200

via netWork interface equipment, for example.

includes both a tile group 202 and a tile vocaliZation sub

[0033] The computer system 102 includes at least one logi
cal processor 110. The computer system 102, like other suit

206 of the tile group. In some cases, the tile group 202 and the

system 204 that is con?gured to identify and vocaliZe tiles

non-transitory storage media 112. Media 112 may be of dif
ferent physical types. The media 112 may be volatile
memory, non-volatile memory, ?xed in place media, remov

tile vocaliZation subsystem 204 Will both be provided by a
single vendor. In other embodiments, the tile group 202 and
the tile vocaliZation subsystem 204 could be provided by
different vendors. Accordingly, although a tile group 202 and

able media, magnetic media, optical media, and/or of other
types of non-transitory media (as opposed to transitory media

a tile vocaliZation subsystem 204 are both shoWn in FIG. 2 as
parts of a multisensory system 200, some embodiments of a

such as a Wire that merely propagates a signal). In particular,
a con?gured medium 114 such as a CD, DVD, memory stick,
or other removable non-volatile memory medium may

multisensory system may include only a tile group 202 and
some may include only a tile vocaliZation subsystem 204. A
given tile group 202 embodiment may interoperate With any
of several different tile vocaliZation subsystems. LikeWise, a
given tile vocaliZation sub system 204 embodiment may inter
operate With any of several different tile groups. More gen
erally, the Figures are illustrative only, in that a particular
embodiment may omit items shoWn in a Figure.
[0040] In the illustrated architecture, each tile 206 bears a
single visual symbol 208 and a single tactile symbol 210. In
alternative embodiments, each tile 206 bears multiple visual

able systems, also includes one or more computer-readable

become functionally part of the computer system When
inserted or otherWise installed, making its content accessible
for use by processor 110. The removable con?gured medium
114 is an example of a computer-readable storage medium

112. Some other examples of computer-readable storage
media 112 include built-in RAM, ROM, hard disks, and other
storage devices Which are not readily removable by users 1 04.

[0034]

The medium 114 is con?gured With instructions 116

that are executable by a processor 110; “executable” is used in
a broad sense herein to include machine code, interpretable
code, and code that runs on a virtual machine, for example.
The medium 114 is also con?gured With data 118 Which is

created, modi?ed, referenced, and/or otherWise used by

symbols 208 and/or multiple tactile symbols 210.Visual sym
bols 208 are visually perceptible and generally are readily
recognized by sighted persons Who are ?uent in the Written
language from Which the visual symbol is taken. For example,
alphanumeric characters may take the form of ink printed on

execution of the instructions 116. The instructions 116 and

a tile 206 surface. Tactile symbols 210 are three-dimensional

the data 118 con?gure the medium 114 in Which they reside;

and perceptible by touch, and generally are readily recog

When that memory is a functional part of a given computer
system, the instructions 116 and data 118 also con?gure that
computer system. In some embodiments, a portion of the data
118 is representative of real-World items such as product

niZed by persons Who are ?uent in the notation from Which the

tactile symbol is taken. For example, tactile symbols in the
form of Braille or Moon characters may be raised dots or

characteristics, inventories, physical measurements, settings,

raised glyphs, respectively, protruding from a tile 206 surface.
In a variation, depressed dots or depressed glyphs may be

images, readings, targets, volumes, and so forth. Such data is
also transformed by as discussed herein, e.g., by vocaliZation,

used as tactile symbols. Various tactile communication sys
tems may be used in tactile symbols 210, such as Braille,

transcription, translation, deployment, execution, modi?ca
tion, display, creation, loading, and/or other operations.
[0035] A kernel 120, application program(s) 122, utility/

Moon, embossed letterform encodings, and pictorial shapes,
for example.

diagnostics 124 for calibrating or testing computer vision

analysis equipment, other softWare, metadata, signals, iden
ti?cations, and other items shoWn in the Figures may reside
partially or entirely Within one or more media 112, thereby
con?guring those media. In addition to media 112 and pro

cessor(s) 110, an operating environment may also include
other hardWare, such as display 126 equipment (e.g., LCDs,
other electronic visual screens, light projectors, projection

surfaces, actuated pin electronic Braille displays), camera(s)
128, speaker(s) 130, buses, poWer supplies, and accelerators,
for instance.
[0036] Items are shoWn in outline form in FIG. 1 to empha
siZe that they are not necessarily part of the illustrated oper

[0041] In the illustrated architecture, each tile 206 has a tile
identi?er 212. Tiles in a given group may be copies, that is,
multiple tiles may have the same identi?er. In some embodi
ments, one or more visual symbols 208 borne by a tile serve
as the tile’s identi?er 212. For instance, some multisensory
systems 200 include a camera 128 and other computer vision

analysis hardWare and softWare Which is con?gured to iden

tify tiles by capturing and analyZing images of their visual
symbols 208. In other embodiments, a different mechanism
serves as the tile’s identi?er 212, such as a Radio Frequency

ID (RFID) or other electromagnetic signaling mechanism, or
a bar code, QR Code®, or other visual code, for example (QR
CODE is a mark of Denso Wave Inc.). Although they may be

analyZed using computer vision equipment, bar codes and

ating environment, but may interoperate With items in the

other visual codes are not visual symbols 208 herein because

operating environment as discussed herein. It does not folloW
that items not in outline form are necessarily required, in any
Figure or any embodiment.

their message content is not readily recogniZed by sighted
persons; only their presence is readily recognized.

[0037] Systems

[0042] Tiles 206 may be formed using a variety of materi
als, such as plastic, Wood, metal, glass, and/ or rubber, for

[0038] FIG. 2 illustrates an architecture Which is suitable
for use With some embodiments. A multisensory system 200

example. Tiles 206 may be formed using materials and manu

may be implemented in part using a general purpose com

positioning by hand or other movements by people, such as

facturing techniques found in other devices designed for easy
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board game pieces, construction toys, computer peripherals,
portable computing devices, cell phones, video game control
lers, cars, and so on.

[0043] FIG. 11 illustrates one ofmany possible examples of
a bisensory (tactile and visual) tile 206 of a multisensory
system 200 for tactile symbol vocalization. The illustrated tile
bears a Braille symbol 210 and a corresponding visual sym

bol 208; the visual symbol in this embodiment is slightly
raised to illustrate the point that visual symbols are alloWed
but not required to be perfectly ?at. A tile identi?er in the form
of an embedded RFID transmitter is shoWn in the illustrated
tile; other tiles 206 may use other tile identi?ers. As noted, the
visual symbol 208 may also serve as a tile identi?er 212 in

systems 200 that use computer vision to distinguish betWeen
tiles.
[0044] In one implementation, each tile 206 is approxi

mately 1 inch high, 0.75 inches Wide, and 0.25 inches thick,
made from plastic, and adapted from an off-the-shelf Word
game for blind people. It Will be understoodthat this is merely
one of many possible implementations, so embodiments are

not necessarily limited to these speci?c dimensions and mate
rials.
[0045] Returning to FIG. 2, the illustrated tile vocaliZation
subsystem includes a sensing area 214 Which produces tile
placement signals 216 in response to placement of one or
more tiles 206 Within the sensing area. The tile placement
signals 216 are used by a tile distinguisher 218 to produce tile
identi?cations 220. A translator 222 uses the tile identi?ca

tions 220 to produce phrase identi?cations 224, that is, iden
ti?cations of audible phrases 226, Which a phrase vocaliZer
228 uses to emit audible phrases 226 as sound through one or

[0049] FIG. 10 illustrates a lattice 230 of cells 232 posi
tioned over a sensing area of a multisensory system 200, in
Which the underlying surface is a tabletop or counter, and tiles

are distinguished using computer vision. Lattice dimensions
may vary. In one particular implementation, the lattice is 15
cells Wide by 32 cells high, and made of laser-cut acrylic to
hold tiles 206 that are approximately 1 inch high, 0.75 inches
Wide, and 0.25 inches thick. HoWever, this is merely one of
many possible implementations, so embodiments are not nec

essarily limited to these speci?c dimensions and materials.
[0050] In some embodiments, the lattice 230 is purely
mechanical in nature, While in other embodiments it has both
mechanical and electromagnetic/optic/electronic aspects. For
example, a lattice cell (and/or the underlying surface) may

include electromechanical, electromagnetic, optical, and/or
electronic sensors to produce a tile placement signal 216
When a tile 206 is placed in the cell 232. In some embodi

ments, cells also include tile distinguishers 218 and produce
signals indicating not only that a tile has been placed in the
cell but Which tile has been placed. In some embodiments,
cells 232 have individual names 234 (e.g., “subject/object/
ver ”, or “A1, B2, X7”, or "numerator/denominator"). In
some embodiments, a cell name vocaliZer speaks aloud the
cell’s name When a tile is placed in the cell. Thus, a user Will
hear not only the name of the tile the user placed, but also the
name of the cell or other position in Which the tile Was placed.

[0051] More generally, and With attention to FIG. 2, in
some embodiments tiles 206, cells 232, lattices 230, and/or
other pieces of a multisensory system 200 have associated
metadata 238. Metadata may be vocaliZed by a vocaliZer 228,
236, for example, and/ or displayed on a display 126. Names,

dates, authors, vendors, versions, help ?les, translations,

more speakers 130.
[0046] In some embodiments, the translator 222 is effec

transliterations, hints, and other information may be associ
ated electronically With pieces of a multisensory system 200,

tively part of the phrase vocaliZer 228, in that the phrase

e.g., as attributes, database values, ?le contents, or other data

vocaliZer 228 receives tile identi?cations 220 and then sends

structures.

signals to drive the speaker(s) 130. For example, the tile

[0052] With reference to FIGS. 1 and 2, some embodiments
provide a multisensory system 200 Which includes a device or
system 102 having a logical processor 110 and a memory

identi?cations 220 may be used in some cases as indexes into

a lookup table of .WAV ?les or other digital sound represen
tations.
[0047] In some embodiments, the tile distinguisher 218 is

Ware to transform physical tile placements into audible

effectively part of the sensing area 214, in that the sensing

phrases as described herein. Some embodiments include a

area not only registers placement of some tile When a tile is
placed but also determines Which tile Was placed. In this case,
the tile placement signals 216 also serve as tile identi?cations
220. In other embodiments, one mechanism (e. g., a light
beam strength meter or an induced capacitance meter) is used
to determine When some tile has been placed, and a different

plurality of physically discrete tiles 206, each tile bearing a

mechanism (e.g., computer vision tool, RFID reader, visual
code reader) is used to determine Which tile Was placed. In
some embodiments, a mechanism reads the tile identi?er 212

medium 112 con?gured by circuitry, ?rmware, and/or soft

visual symbol 208 and a tactile symbol 210. A sensing area
214 is operable to receive a tile and produce a tile placement
signal 216. A tile distinguisher 218 is operable to receive the
tile placement signal and to produce a tile identi?cation 220.
A translator 222 is operable to receive the tile identi?cation,
to determine a phrase 226 based on the tile identi?cation, and

to produce a phrase identi?cation 224 identifying the phrase.
A phrase vocaliZer 228 is operable to produce an audible

[0048] Some embodiments include a lattice 230 of cells
232 Which are siZed and positioned to receive tiles 206. The
lattice may be positioned above a ?at surface sensing area 214
Which lies in the ?eld of vieW of a camera 128 that feeds tile

phrase at a speaker 130 in response to the phrase identi?ca
tion.
[0053] In some embodiments, each tile 206 bears a single
tactile symbol and a single visual symbol. In others, a tile
bears a single tactile symbol and also bears tWo or more visual

images to a computer vision tile distinguisher 218, for
example. In this case, tiles may be releasably held in their

symbols Which the tactile symbol may denote, depending on
the tactile symbol’s context.

and produces a corresponding tile identi?cation 220.

placed positions by cell Walls and the underlying surface. The

[0054]

lattice may also take the form of a raised grid Which is integral

tially rectangular three-dimensional shape. In other embodi

In some embodiments, each tile 206 has a substan

With a sensing area surface the tiles rest on, in Which case tiles

ments, tiles have different shapes, e.g., they may have

may have corresponding mating indentations on their under

handles, be shaped like game pieces, be shaped like country

sides to help releasably hold the tiles in their respective placed

outlines in a map, and so on. In some embodiments, the tile is

positions.

an object With surface(s) bearing tactile and visual informa
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tion. Thus, a tile 206 is not necessarily a ?at tile like a word
game tile or domino. The tile could be a cube, or even an

object with a more complex three-dimensional form, like a

chess piece.

in FIG. 3. Steps may be performed serially, in a partially
overlapping manner, or fully in parallel. The order in which
?owchart 300 is traversed to indicate the steps performed

In some embodiments, the sensing area 214

during a process may vary from one performance of the
process to another performance of the process. The ?owchart

includes a lattice 230 of cells 232. In some, the sensing area
also has a cell name vocaliZer 236 operable to produce an

traversal order may also vary from one process embodiment

audible cell name 234 corresponding to a particular cell, in
response to placement of a tile in the particular cell.
[0056] In some embodiments, the tile distinguisher 218 is
operable to produce tile identi?cations 220 based on auto

combined, renamed, regrouped, or otherwise depart from the
illustrated ?ow, provided that the process performed is oper

[0055]

matic analysis of tile visual symbols. For example, by ana
lyZing a digital photographic image of a letter “C” printed on
a tile, in one embodiment the tile distinguisher 218 produces
a tile identi?cation 220 distinguishing the tile from another
tile that is imprinted with a different alphabet letter.
[0057] Some embodiments include a memory in operable
communication with at least one processor 110. The memory

medium 112 contains an application program 122 which is

con?gured to respond to tile identi?cations 220. For example,
tile placements could be used to control word games and other
computeriZed games, to control education programs for
learning and applying mathematical concepts, to control pro

to another process embodiment. Steps may also be omitted,

able and conforms to at least one claim.

[0062] Examples are provided herein to help illustrate
aspects of the technology, but the examples given within this
document do not describe all possible embodiments.
Embodiments are not limited to the speci?c implementations,

arrangements, displays, features, approaches, or scenarios
provided herein. A given embodiment may include additional
or different features, mechanisms, and/or data structures, for
instance, and may otherwise depart from the examples pro
vided herein.

[0063]

During a tile-placed determining step 302, an

embodiment determines that a tile 206 has been placed in a

maps, and a wide variety of other kinds of application pro

sensing area 214. Step 302 does not necessarily determine
which tile has been placed, or precisely where in the sensing
area the tile has been placed. Step 302 may be accomplished

grams 122. The act of placing the tile serves as a command

using computer vision, interception of a light beam, RFID,

(e.g., as a “user gesture”), as part of an overall larger process
of controlling a computer program. For example, a program

visual code readers, weight sensors, motion sensors, induced

grams designed to manipulate images, to navigate through

might exit if a user places tiles forming the phrase “exit” in
Braille. More generally, the computer program which is con

trolled (partially or fully) by tile placement may be an appli
cation, a command interpreter, or any other software, and may
itself invoke or otherwise control additional software.

[0058]

The multisensory system 200 may thus be viewed,

in some embodiments, as a kind of computer peripheral. In
some embodiments other peripherals 106 such as human user

I/O devices (screen, keyboard, mouse, tablet, microphone,
speaker, motion sensor, etc.) will also be present in operable
communication with one or more processors 110 and

memory.
[0059] In some embodiments, the system includes or com

capacitance, magnetic switches, and/or other mechanisms,
for example.
[0064] During a tile distinguishing step 304, an embodi
ment distinguishes a tile that is being, or has been, placed in
the sensing area, from at least one other tile 206. Step 304
does not necessarily determine where in the sensing area the
tile has been placed, or how many copies of a tile have been

placed. Step 304 may be accomplished using computer
vision, RFID, visual code readers, and/or other mechanisms,
for example.
[0065] During a phrase producing step 306, an embodiment
produces an audible phrase 226 corresponding to a placed
tile, or to an arrangement of placed tiles. The phrase may be
emitted as recorded speech and/ or as synthesiZed speech. For

municates with multiple computers connected by a network.

individual tiles, step 306 may be accomplished by looking up

Networking interface equipment can provide access to net
works 108, using components such as a packet-switched net
work interface card, a wireless transceiver, or a telephone

the tile’s identi?cation (which distinguishes 304 the tile from
other tiles) in a table, tree, or other data structure and emitting
a corresponding sound as the tile’s name.

network interface, for example, will be present in a computer

[0066]

system. However, an embodiment may also communicate

through direct memory access, removable nonvolatile media,

308 a multi-tile sequence (or other spatial arrangement, e. g.,
for tiles representing an integral or a musical phrase) that is

or other information storage-retrieval and/or transmission
approaches, or an embodiment in a computer system may

“spelled” by the tile arrangement. Some embodiments also
look for similar arrangements, to respond gracefully to slight

operate without communicating with other computer sys

miss-spellings by ?nding 308 a word or other tile arrange
ment that was apparently intended by the user who placed the
tiles. Spelling mechanisms used in word processors, web

tems.

[0060]

Processes

[0061]

FIG. 3 illustrates some process embodiments in a

?owchart 300. Processes shown in the Figures may be per
formed in some embodiments automatically, e.g., by pro
grammed robot arm placing tiles in a multisensory system
200 under control of a script or the like requiring little or no

human action. Processes may also be performed in part auto

matically and in part manually unless otherwise indicated. In
a given embodiment Zero or more illustrated steps of a pro

cess may be repeated, perhaps with different parameters or
data to operate on. Steps in an embodiment may also be done
in a different order than the top-to -bottom order that is laid out

For tile arrangements, step 306 may include ?nding

browsers, and other interfaces that accept spelled words may
be adapted for use with tile sequences. As used herein, “spell
ing” may include checking linear sequences (as in words) and
may also, depending on the embodiment, include checking
two-dimensional tile arrangements, e.g., to spell a represen
tation of a chemical compound, a representation of countries
located relative to one another, a representation of an organi
Zation or other hierarchy, and so on. Likewise, as used herein,
a “phrase” 226 may be a single character’s name, e.g., “C”, or
a word spelled with several tiles, e.g., “cake”, or a sequence of

words, e.g., “capitol city” or “x equals six minus three”.
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[0067]

During a separation distance using step 310, an

embodiment uses a measurement of physical distance

betWeen placed tiles 206 as a criterion. For example, tiles
placed more than a predetermined distance apart may be
treated as individual tiles, Whereas tiles placed Within that
predetermined distance of one another may be treated as parts

using the tile (or other item’s) identi?cation as an index or
handle to electronically locate the metadata in a medium 112.

[0076] During an identi?cation signal receiving step 328,
an embodiment (or portion thereof) receives a tile identi?ca
tion 220 signal, e.g., as values in a speci?ed variable in
memory 112.

of a spelled phrase. Placing tiles for C, A, K, and E spaced

[0077]

apart Would lead the system 200 to vocaliZe them as indi
vidual letters “see aye kay ee” but placing them near or
touching each other Would lead the system 200 to vocaliZe
them as “cake”, or possibly as “see aye kay ee cake”. The
separation distance may be speci?ed in some embodiments as

embodiment vocaliZes a cell name 234 or other location name

During a location name producing step 330, an

(e.g., “top left corner”, “betWeen Canada and Mexico”) per
taining to placed tiles and/or to the sensing area, e.g., by
playing through a speaker recorded or synthesiZed sounds
pronouncing the name.

an ab solute distance, e. g., one half inch or one centimeter, and

[0078] During a tile placement signal producing step 332,

may be speci?ed in some in relative terms, e. g., one-quarter of
a tile’s Width. In systems 200 having a lattice, the separation
distance may be speci?ed in cells, e. g., in an adjoining cell, or
in an adjoining cell of the same roW of cells. The separation
distance may be measured using computer vision or other

an embodiment (or portion thereof) produces a tile placement
signal 216. Mechanisms for accomplishing step 332 include,
for example, mechanisms corresponding to the mechanisms

mechanisms. Step 310, like step 308, may be part of step 306.
[0068] During a magnetic signal sensing step 312, an
embodiment senses a magnetic signal caused by tile move

ment. Step 312 may be accomplished using electromagnetic
sWitches, RFID technology, or other mechanisms, for

example.
[0069]

During a capacitance signal sensing step 314, an

embodiment senses a capacitance signal caused by tile move

ment. Step 314 may be accomplished using capacitance sen
sors or other mechanisms, for example.

[0070] During a light beam interception signal sensing step
316, an embodiment senses a signal caused by tile movement

through a light beam. Step 316 may be accomplished using
infrared or visible light photoelectric sensors, or other mecha

nisms, for example.

for determining 302 a tile has been placed, such as a computer
vision camera, a light beam photosensor, an RFID sensor,

visual code readers, Weight sensors, motion sensors, induced

capacitance sensors, and magnetic sWitches.
[0079] During a tile identi?cation producing step 334, an
embodiment (or portion thereof) produces a tile identi?cation
220. Mechanisms for accomplishing step 334 include, for
example, mechanisms corresponding to the mechanisms for
distinguishing 304 a placed tile, such as a computer vision
system, an RFID sensor and lookup, and visual code readers.

[0080] During a phrase identi?cation producing step 336,
an embodiment (or portion thereof) produces a phrase iden
ti?cation 224. Mechanisms for accomplishing step 336
include, for example, mechanisms noted in connection With
phrase identi?cation in discussing step 306.
[0081] During a phrase determining step 338, an embodi

During a visual symbol displaying step 318, a copy

ment (or portion thereof) determines a phrase from a tile
identi?cation. Mechanisms for accomplishing step 338

(or near-copy, e. g., different font or different point siZe) of a

include, for example, mechanisms noted in discussing step

tile’s visual symbol is displayed off the tile, for possible
vieWing by sightedpersons. In one embodiment, for example,

306.

[0071]

the alphabet letters printed on tiles are projected onto a table
surface in a sensing area in Which the tiles are placed for

computer vision analysis. In another embodiment, the visual
symbol is displayed on a computer screen, cell phone, dis
play, or other device screen.

[0072] During a vision analysis performing step 320, an
embodiment performs computer vision analysis in response

[0082] During a tile identi?cation sending step 340, an
embodiment (or portion thereof) sends an application pro
gram 122 a tile identi?cation. In this step, metadata 238 may
also be sent, or may serve as the tile identi?cation. Step 340

may be accomplished using familiar mechanisms for provid
ing input to application programs 122, e.g., messaging,
method invocations, shared memory, and so on, including in

to a tile placement. The vision analysis may simply determine

particular mechanisms used by keyboards, mice, or other
familiar peripherals 106 to send input to application pro

that a tile has been placed in a sensing area, namely, a ?eld of

grams.

vision, Without identifying the particular tile placed. In some
cases, hoWever, the vision analysis also distinguishes 304 the
placed tile. Step 320 may be accomplished using a camera
128, and processors 110 and memory 112 con?gured With
vision analysis code to analyZe an image captured With the

[0083] The foregoing steps and their interrelationships are
discussed in greater detail beloW, in connection With various
embodiments.
[0084] Some embodiments provide a process for audibly
assisting a user of tactile symbols. The process electronically

camera. Familiar vision analysis tools and techniques may be

determines 302 that a tile has been placed in a sensing area.
The tile bears a tactile symbol and also bears a corresponding
visual symbol, and is one tile of a group 202 of tiles Which

used. In particular, optical character recognition may be part
of step 320.
[0073] During an identifying step 322, an embodiment
identi?es a visual symbol of a placed tile by performing 320

computer vision analysis.
[0074] During a vocaliZing step 324, an embodiment vocal
iZes a tactile symbol as a phrase 226, e. g., by playing through
a speaker some recorded or synthesiZed sound(s) pronounc

collectively bear a plurality of tactile symbols and a plurality

of corresponding visual symbols. The process automatically
distinguishes 304 the placed tile from other tiles of the group,
and electronically produces 306 an audible phrase denoted by
the tactile symbol of the placed tile. As noted, an audible
phrase may be derived from a logical combination of the tiles

ing the phrase.

in the sensing area, such as a spelled or spoken Word, an

[0075]

ordered sequence, or an equation.

During a metadata obtaining step 326, an embodi

ment obtains metadata associated With a piece of the system

200, such as tile metadata. Step 326 may be accomplished by

[0085] Some processes also electronically determine 302
that a second tile of the group has been placed in the sensing
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area While the ?rst tile is still in the sensing area, and auto

matically distinguish 304 the placed second tile from other
tiles of the group. These processes electronically produce 306
an audible phrase denoted by the tactile symbol of the placed
second tile, and/or an audible phrase spelled by the tactile
symbols of placed tiles. The terms “phrase” and “spelled” are
used broadly herein, rather than being con?ned to lay usage.
For example, any of the folloWing are phrases that could be
spelled: a Word, an equation, a point total calculated by add
ing up the points of each letter on an arrangement of placed

[0092] Some embodiments provide a process for assisting a
user of tactile symbols. The process includes receiving 328 a
signal in response to automated identi?cation of a visual

symbol borne by a tile, automatically distinguishing 304 the
tile from other tiles of a group of tiles, based at least in part of

the received signal, and electronically producing 306 an
audible phrase that is denoted by a tactile symbol Which is

borne by the distinguished tile.
[0093] In some embodiments, the distinguished tile 206 is
positioned at a particular location Within a predetermined set

tiled to obtain a Word total.

of discrete locations, and the process electronically produces

[0086]

guished tile. For example, the distinguished tile may be posi

In some embodiments, the process electronically

produces 306 separate audible phrases corresponding to dif
ferent placed titles When those placed tiles are physically
separated by a predetermined separation distance, and elec
tronically produces 306 an audible phrase that is spelled by
the placed titles in combination When the placed tiles are

physically separated by less than the predetermined separa

330 an audible name of the particular location of the distin

tioned at a particular cell Within a lattice 230 of cells 232, and
the process electronically produces 330 an audible name 234

of that particular cell.
[0094] FIGS. 4 through 8 illustrate a sequence of place
ments of bisensory tactile tiles in a sensing area 214 of a

In some embodiments, the step of electronically

multisensory system 200 for tactile symbol vocaliZation. A
tile 206 bearing “C 3” and corresponding Braille is placed and
the system speaks “C”; letters may have a higher priority than

determining 302 that a tile has been placed in the sensing area
includes sensing at least one of the following: an electromag
netic signal Which depends at least in part on the tile’s physi

numbers, or number recognition may be disabled by a user, in
some embodiments. Next, a tile bearing “A 1” is placed and
the system speaks “A”. Then a tile bearing “K 5” is placed and

cal location; a signal generated by the tile physically inter
cepting a light beam; an induced capacitance signal Which

the system speaks “K”. A tile bearing “E 1” is placed and the
system speaks “E”. In FIG. 8, the tiles have been moved

depends on the tile’s physical location. In some embodi

ments, step 302 includes performing a computer vision analy

together, or at least Within a separation distance of their neigh
bors, and so the system speaks “CAKE”. FIG. 9 corresponds

sis.

generally With FIG. 8 but illustrates an alternative multisen

tion distance.

[0087]

[0088]

Some embodiments include generating electrically

and then displaying 318 on a display 126 surface the visual

sory system con?guration in Which visual symbols corre
sponding to placed tactile tiles are also generated and dis

symbol borne by the placed tile. For example, the visual

played 318, e.g., by having their visual letters projected onto

symbol may be displayed on a computer display or it may be
displayed as light projected on a tile-bearing surface. The

the sensing area surface.

displayed visual symbol need not correspond precisely With

[0096] Some embodiments include a con?gured computer
readable storage medium 112. Medium 112 may include
disks (magnetic, optical, or otherWise), RAM, EEPROMS or
other ROMs, and/ or other con?gurable memory, including in

the symbol as shoWn on the tile, e.g., siZe, font, color, style or
other characteristics may vary, provided the meaning is main
tained.
[0089] In some embodiments, the step of automatically
distinguishing 304 the placed tile from other tiles of the group
includes performing 320 a computer vision analysis Which
identi?es the visual symbol on the tile. In other embodiments,
different mechanisms are used.

[0090] In some embodiments, the tactile symbol 210 of a
placed tile includes a Braille symbol, and the step of elec
tronically producing 306 an audible phrase produces an
audible phrase denoted by the Braille symbol. It Will be
understood that a normal convention applies, in that a claim’s

apparently singular usage of “Braille symbol” (for example)
is understood to mean “Braille symbol or symbols” unless

clearly indicated otherWise.
[0091] In some embodiments, the process includes elec
tronically obtaining 326 a metadata value that is assigned to at
least one of the folloWing: the placed tile, a lattice cell con
taining the placed tile. For example, a tile 206 could have
multiple associated pieces of information tied. The tile could
have a letter and a related number of points, for instance. A tile

may thus have both human-sensible information physically
located on the tile (tactile or visual), and metadata that can be

assigned via an electronic application program 122. Simi

[0095] Con?gured Media

particular non-transitory computer-readable media (as
opposed to Wires and other propagated signal media). The
storage medium Which is con?gured may be in particular a
removable storage medium 114 such as a CD, DVD, or ?ash
memory. A general-purpose memory, Which may be remov
able or not, and may be volatile or not, can be con?gured into
an embodiment using items such as tile identi?cations 220,

phrase identi?cations 224, and a tile distinguisher 218, in the
form of data 118 and instructions 116, read from a removable
medium 114 and/or another source such as a netWork con

nection, to form a con?gured medium. The con?gured
medium 112 is capable of causing a computer system to
perform process steps for transforming tile movements into
audible phrases as disclosed herein. FIGS. 1 through 3 thus

help illustrate con?gured storage media embodiments and
process embodiments, as Well as system and process embodi

ments. In particular, any of the process steps illustrated in
FIG. 3, or otherWise taught herein, may be used to help
con?gure a storage medium to form a con?gured medium
embodiment.
CONCLUSION

larly, a lattice cell or other sensing area location may have a

[0097] Although particular embodiments are expressly

speci?c label based on its location, e.g., B2, and may also
have metadata, such as “Your hand”, “Playing area”, “Out of
play”, or “Opponent’s area”.

illustrated and described herein as processes, as con?gured

media, or as systems, it Will be appreciated that discussion of
one type of embodiment also generally extends to other
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embodiment types. For instance, the descriptions of pro
cesses in connection With FIG. 3 also help describe con?g

ured media, and help describe the operation of systems and

electronically producing an audible phrase denoted by the
tactile symbol of the placed tile.

manufactures like those discussed in connection With other
Figures. It does not folloW that limitations from one embodi
ment are necessarily read into another. In particular, pro

2. The process of claim 1, further comprising the steps of:
electronically determining that a second tile of the group
has been placed in the sensing area While the ?rst tile is
still in the sensing area;

cesses are not necessarily limited to the data structures and

automatically distinguishing the placed second tile from

arrangements presented While discussing systems or manu
factures such as con?gured memories.
[0098] Not every item shoWn in the Figures need be present

other tiles of the group; and
electronically producing at least one of the folloWing: an

in every embodiment. Conversely, an embodiment may con

tain item(s) not shoWn expressly in the Figures. Although
some possibilities are illustrated here in text and draWings by

speci?c examples, embodiments may depart from these
examples. For instance, speci?c features of an example may

be omitted, renamed, grouped differently, repeated, instanti
ated in hardWare and/or softWare differently, or be a mix of
features appearing in tWo or more of the examples. Function
ality shoWn at one location may also be provided at a different
location in some embodiments.

[0099] Reference has been made to the ?gures throughout
by reference numerals. Any apparent inconsistencies in the
phrasing associated With a given reference numeral, in the
?gures or in the text, should be understood as simply broad

ening the scope of What is referenced by that numeral.
[0100]

As used herein, terms such as “a” and “the” are

inclusive of one or more of the indicated item or step. In

particular, in the claims a reference to an item generally

audible phrase denoted by the tactile symbol of the
placed second tile, an audible phrase spelled by the
tactile symbols of placed tiles.
3. The process of claim 1, comprising electronically pro
ducing separate audible phrases corresponding to different
placed titles When those placed tiles are physically separated
by a predetermined separation distance, and electronically
producing an audible phrase that is spelled by the placed titles
in combination When the placed tiles are physically separated

by less than the predetermined separation distance.
4. The process of claim 1, Wherein the step of electronically
determining that a tile has been placed in the sensing area
comprises sensing at least one of the folloWing:
an electromagnetic signal Which depends at least in part on

the tile’s physical location;
a signal generated by the tile physically intercepting a light

beam;
an induced capacitance signal Which depends on the tile’s

physical location.

means at least one such item is present and a reference to a

5. The process of claim 1, further comprising generating

step means at least one instance of the step is performed.
[0101] Headings are for convenience only; information on

electrically and then displaying on a display surface the visual

a given topic may be found outside the section Whose heading

indicates that topic.

6. The process of claim 1, Wherein the step of electronically
determining that a tile has been placed in the sensing area

[0102]

comprises performing a computer vision analysis.

All claims as ?led are part of the speci?cation.

[0103] While exemplary embodiments have been shoWn in
the draWings and described above, it Will be apparent to those
of ordinary skill in the art that numerous modi?cations can be

symbol borne by the placed tile.

7. The process of claim 1, Wherein the step of automatically
distinguishing the placed tile from other tiles of the group
comprises performing a computer vision analysis Which iden

made Without departing from the principles and concepts set
forth in the claims. Although the subject matter is described in
language speci?c to structural features and/ or procedural

ti?es the visual symbol on the tile.
8. The process of claim 1, Wherein the tactile symbol of the
placed tile includes a Braille symbol, and the step of elec

acts, it is to be understood that the subject matter de?ned in

tronically producing an audible phrase produces an audible

the appended claims is not necessarily limited to the speci?c
features or acts described above the claims. It is not necessary
for every means or aspect identi?ed in a given de?nition or
example to be present or to be utiliZed in every embodiment.

Rather, the speci?c features and acts described are disclosed
as examples for consideration When implementing the claims.

[0104]

All changes Which come Within the meaning and

range of equivalency of the claims are to be embraced Within

their scope to the full extent permitted by laW.
What is claimed is:
1. A process for audibly assisting a user of tactile symbols,
the process utiliZing a device Which has a predetermined
sensing area, and at least one logical processor in operable
communication With at least one memory, the process com

prising the steps of:

phrase denoted by the Braille symbol.
9. The process of claim 1, further comprising the step of
electronically obtaining a metadata value that is assigned to at
least one of the folloWing: the placed tile, a lattice cell con

taining the placed tile.
10. A computer-readable non-transitory storage medium
con?gured With data and With instructions that When executed
by at least one processor causes the processor(s) to perform a
process for assisting a user of tactile symbols, the process

comprising the steps of:
receiving a signal in response to automated identi?cation
of a visual symbol borne by a tile,
automatically distinguishing the tile from other tiles of a
group of tiles, based at least in part of the received signal;
and

electronically determining that a tile has been placed in the
sensing area, the tile bearing a tactile symbol and also

electronically producing an audible phrase that is denoted
by a tactile symbol Which is borne by the distinguished

bearing a corresponding visual symbol, the tile being

tile.
11. The con?gured medium of claim 10, Wherein the dis
tinguished tile is positioned at a particular location Within a
predetermined set of discrete locations, and the process fur
ther comprises electronically producing an audible name of
the particular location of the distinguished tile.

one tile of a group of tiles Which collectively bear a

plurality of tactile symbols and a plurality of corre

sponding visual symbols;
automatically distinguishing the placed tile from other tiles
of the group; and
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12. The con?gured medium of claim 10, wherein the dis
tinguished tile is positioned at a particular cell Within a lattice

of cells, and the process further comprises electronically pro
ducing an audible name of that particular cell.

13. The con?gured medium of claim 10, Wherein the pro
cess further comprises:
automatically distinguishing a second tile from other tiles
of the group; and

electronically producing an audible phrase denoted by the
tactile symbol of the second tile.
14. The con?gured medium of claim 10, Wherein the pro
cess further comprises:
automatically distinguishing at least one additional tile
from other tiles of the group; and

electronically producing an audible phrase that is spelled
by the tactile symbols of the distinguished tiles.
15. A multisensory system comprising:
a plurality of physically discrete tiles, each tile bearing a

tactile symbol;
a sensing area operable to receive a tile and produce a tile

placement signal;
a tile distinguisher operable to receive the tile placement
signal and to produce a tile identi?cation;

a translator operable to receive the tile identi?cation, to
determine a phrase based on the tile identi?cation, and to

produce a phrase identi?cation; and
a phrase vocaliZer operable to produce an audible phrase at
a speaker in response to the phrase identi?cation.
16. The system of claim 15, Wherein each tile bears a single

tactile symbol and a single visual symbol.
17. The system of claim 15, Wherein each of a plurality of

tiles has a substantially rectangular three-dimensional shape.
18. The system of claim 15, Wherein the sensing area
comprises a lattice of cells and a cell name vocaliZer operable
to produce an audible cell name corresponding to a particular

cell in response to placement of the tile in the particular cell.
19. The system of claim 15, Wherein the tile distinguisher
is operable to produce tile identi?cations based on automatic

analysis of tile visual symbols.
20. The system of claim 15, further comprising a memory
in operable communication With at least one processor, the

memory containing an application program Which is con?g
ured to respond to tile identi?cations.
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