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An enhanced text entry system using word-level analysis to automatically correct inaccuracies in user keystroke entries on reduced
keyboards. The keyboard (105) may be a part of a touch-sensitive panel or display screen (100) or on a mechanical keyboard
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system. A method and system are defined which determine one or more alternative textual interpretations of each sequence of
Inputs detected within a designated auto-correcting keyboard region (106). The actual contact locations for the keystrokes may
occur outside the boundaries of the specific keyboard key regions, where the distance from each contact location to each
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a particular context. The user can easily select the intended word from among the generated interpretations.
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KEYBOARD SYSTEM WITH AUTOMATIC CORRECTION

Technical Field of the Invention

The invention provides keyboard systems that auto-correct “sloppy” text input due to
errors 1n touching a keyboard or screen. More specifically, the invention provides a reduced
keyboard such as those implemented on a touch-sensitive panel or display screen and to
mechanical keyboard systems, using word-level analysis to resolve inaccuracies (sloppy text
entry) in user entries. This invention is in the field of keypad input preferably for small
electronic devices.

Background of the Invention

For many years, portable computers have been getting smaller and smaller. The
principal size-limiting component in the effort to produce a smaller portable computer has been
the keyboard. If standard typewriter-size keys are used, the portable computer must be at least
as large as the keyboard. Miniature keyboards have been used on portable computers, but the
miniature keyboard keys have been found to be too small to be easily or quickly manipulated
with sufficient accuracy by a user.

Incorporating a full-size keyboard 1n a portable computer ailso hinders true portable use
of the computer. Most portable computers cannot be operated without placing the computer on
a tlat work surface to allow the user to type with both hands. A user cannot easily use a
portable computer while standing or moving. In the latest generation of small portable
computers, called Personal Digital Assistants (PDAs), companies have attempted to address
this problem by incorporating handwriting recognition software in the PDA. A user may
directly enter text by writing on a touch-sensitive panel or display screen. This handwritten
text 1s then converted into digital data by the recognition software. Unfortunately, in addition
to the fact that printing or writing with a pen 1s in general slower than typing, the accuracy and
speed of the handwriting recognition software has to date been less than satisfactory. To make
matters worse, today’s handheld computing devices which require text input are becoming
smaller still. Recent advances in two-way paging, cellular telephones, and other portable
wireless technologies has led to a demand for small and portable two-way messaging systems,
and especially for systems which can both send and receive electronic mail (“e-mail”).

It would therefore be advantageous to develop a much smaller keyboard for entry of
text into a computer. As the size of the keyboard 1s reduced, the user encounters greater
difficulty selecting the character of interest. In general there are two different types of
keyboards utilized 1n such portable devices. One 1s the familiar mechanical keyboard
consisting of a set of mechanical keys that are activated by depressing them with a finger or
thumb. However, these mechanical keyboards tend to be significantly smaller than the
standard sized keyboards associated with typewriters, desktop computers, and even “laptop”
computers. As a result of the smaller physical size of the keyboard, each key 1s smaller and 1in

closer proximity to neighboring keys. This increases the likelihood that the user will depress
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an unintended key, and the likelihood of keystroke errors tends to increase the faster the user
attempts to type.

Another commonly used type of keyboard consists of a touch-sensitive panel on which
some type of keyboard overlay has been printed, or a touch-sensitive display screen on which a
keyboard overlay can be displayed. Depending on the size and nature of the specific kevboard,
either a finger or a stylus can be used to contact the panel or display screen within the area
associated with the key that the user intends to activate. Due to the reduced size of many
portable devices, a stylus 1s often used 1n order to attain sufficient accuracy in contacting the
keyboard to activate each intended key. Here again, the small overall size of such keyboards
results in a small area being associated with each key so that 1t becomes quite ditficult for the
average user to type quickly with sufficient accuracy.

One area of prior development in mechanical keyboards has considered the use of keys
that are much smaller than those found on common keyboards. With smaller keys, the user
must take great care in controlling each key press. One approach (U.S. Patent 5,612,690)
proposes a system that uses up to four miniature keys in unison to define primary characters
(the alphabet) and nests secondary character rows (like numbers) between primary character
rows. Selecting a secondary character involves depressing the miniature key from each of the
surrounding primary characters. Grouping the smaller keys in this fashion creates a larger
apparent virtual key composed of four adjacent smaller keys, such that the virtual key 1s large
enough to be depressed using a finger. However, the finger must contact the keys more or less
precisely on the “cross-hairs” of the boundaries between the four adjacent keys 1n order to
depress them 1n unison. This makes it still difficult to type quickly with sufficient accuracy.

Another area of prior development 1n both touch screen and mechanical keyboards has
considered the use of a much smaller quantity of full-size keys. With fewer keys, each single
key press must be associated with a plurality of letters, such that each key activation 1s
ambiguous as to which letter 1s intended. As suggested by the keypad layout of a touch-tone
telephone, many of the reduced keyboards have used a 3-by-4 array of keys, where each key 1s
associated with three or four characters (U.S. Patent 5,818,437). Several approaches have been
suggested for resolving the ambiguity of a keystroke sequence on such a keyboard. While this
approach has merit for such keyboards with a imited number of keys, 1t 1s not applicable to
reduced size keyboards with a full complement of keys.

Another approach in touch screen keyboards has considered analyzing the immediately
preceding few characters in order to determine which character should be generated for a
keystroke that 1s not close to the center of the display location of a particular character (U.S.
Patent 5,748,512). When the keyboard 1s displayed on a small touch screen, keystrokes that
are off-center from a character are detected. Software compares the possible text strings of
probable sequences of two or three typed characters against known combinations, such as a
history of previously typed text or a lexicon of text strings rated for their frequency within a

context. When the character generated by the system is not the character intended by the user,
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the user must correct the character before going on to select the a following character, because
the generated character will be used to determine probabilities for the following keystroke.

The fundamental problem 1s that the specific activations that result from a user’s
attempts to activate the keys of a keyboard do not always precisely conform to the intentions of
the user. On a touch screen keyboard, the user’s finger or stylus may hit the wrong character
or hit between keys 1n a boundary area not associated with a specific character. With a
mimaturized mechanical keyboard, a given keypress may activate the wrong key, or may
activate two or more keys either simultaneously or with a “roll-over” motion that activates
adjacent keys 1n a rapid sequence. Other examples include common keyboards operated by
users with limited ranges of motion or motor control, where there 1s a limited ability to
consistently strike any particular space or key, or where the limb (such as in the case of an
amputee, or the use of gloved hands or gloved fingers) or the device used to make the entry
(such as a stylus) 1s far larger than the targeted key or character space.

Summary of the Invention

The present invention provides an enhanced text entry system that uses word-level
disambiguation to automatically correct inaccuracies in user keystroke entries. Specifically,
the present invention provides a text entry system comprising;:

(a) a user input device comprising a touch sensitive surface including an auto-
correcting keyboard region comprising a plurality of the characters of an alphabet, wherein
each of the plurality of characters corresponds to a location with known coordinates 1n the
auto-correcting keyboard region, wherein each time a user contacts the user input device within
the auto-correcting keyboard region, a location associated with the user contact 1s determined
and the determined contact location 1s added to a current input sequence of contact locations;

(b) a memory contaimng a plurality of objects, wherein each object 1s a string of
one or a plurality of characters forming a word or a part of a word, wherein each object 1s
further associated with a frequency of use;

(C) an output device with a text display area; and

(d) a processor coupled to the user input device, memory, and output device, said
pProcessor comprising:

(1) a distance value calculation component which, for each determined
contact location 1n the input sequence of contacts, calculates a set of distance values between
the contact locations and the known coordinate locations corresponding to one or a plurality of
characters within the auto-correcting keyboard region;

(11) a word evaluation component which, for each generated input sequence,
identifies one or a plurality of candidate objects in memory, and for each of the one or a
plurality of identified candidate objects, evaluates each identified candidate object by
calculating a matching metric based on the calculated distance values and the frequency of use
associated with the object, and ranks the evaluated candidate objects based on the calculated

matching metric values; and
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(111)  a selection component for (a) 1dentifying one or a plurality of candidate
objects according to their evaluated ranking, (b) presenting the identified objects to the user,
enabling the user to select one of the presented objects for output to the text display area on the
output device.

Preferably, the selection component further comprises (c) resetting the current input
sequence of contact locations to an empty sequence upon detecting the selection by the user of
one of the presented objects for output to the text display area on the output device.

Preferably, (a) each of the plurality of objects in memory 1s further associated with one
or a plurality of predefined groupings of objects; and (b) the word evaluation component, for
each generated input sequence, limits the number of objects for which a matching metric 1s
calculated by identifying one or a plurality of candidate groupings of the objects in memory,
and for one or a plurality of objects associated with each of the one or a plurality of 1dentified
candidate groupings of objects, calculates a matching metric based on the calculated distance
values and the frequency of use associated with each candidate object, and ranks the evaluated
candidate objects based on the calculated matching metric values. This reduces the calculation
required since, conversely, one or more groupings of objects are 1dentified as containing no
candidate objects for a given input sequence of contacts, such that a matching metric need not
be calculated for any object in the groupings so 1dentified.

Preferably, the characters of the alphabet are arranged on the auto-correcting keyboard
region in approximately a standard “QWERTY” layout. Most preferably, the width to height
ratio of the auto-correcting keyboard region is approximately 2 to 1, or the width to height ratio
of the auto-correcting keyboard region is less than 2 to 1. In one embodiment, one or a
plurality of the characters arranged on the auto-correcting keyboard region are illegible.

Preferably, the auto-correcting keyboard region includes one or a plurality of known
locations associated with one or a plurality of punctuation characters, wherein the memory
includes one or a plurality of objects in memory which include one or a plurality of the
punctuation characters associated with locations in the auto-correcting keyboard region.
Preferably, the objects in memory are further associated with one or a plurality of modules,
wherein each module comprises a set of objects with one or a plurality of common
characteristics. In one embodiment, the text entry system comprises a module selector whereby
a user can determine which modules are to be evaluated by the word evaluation component 1n
order to 1dentify candidate objects. In another embodiment, the plurality of modules comprises
word stem modules and suffix modules, wherein each word stem module comprnises a logical
organization of uninflected word stem objects, and wherein each suffix module comprises a
logical organization of suffixes which can be appended to word stems to form 1nflected words,
whereby each word stem module is associated with one or a plurality of suffix modules,
whereby whenever the word evaluation component calculates a matching metric value for a
given word stem in a given word stem module with respect to an initial sequence of contacts

within an input sequence such that the calculated matching metric value ranks higher than a
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predetermined threshold, the word evaluation component evaluates the remaining contacts of
the input sequence with respect to the associated suffix modules, whereby whenever the word
evaluation component calculates a matching metric value for a given sutfix in one of said
associated suffix modules that ranks higher than a second predetermined threshold, said suffix
1s appended to said word stem to form a completed word corresponding to a matching metric
value that 1s a function of said determined word stem matching metrc value and said
determined suffix matching metric value.

Preterably, the word evaluation component calculates the matching metnic for each
candidate object by summing the distance values calculated from each contact location in the
Input sequence to the location assigned to the character in the corresponding position of the
candidate object, and applying a weighting function according to the frequency of use
associated with the object. In addition, each character of the alphabet associated with the auto-
correcting keyboard region 1s assigned a Cartesian coordinate and wherein the distance value
calculation component calculates the distance between the contact location and the location
corresponding to a character according to standard Cartesian coordinate distance analysis.
Further, each character of the alphabet associated with the auto-correcting keyboard region 1s
assigned a Cartesian coordinate and wherein the distance value calculation component
calculates the distance between the contact location and the location corresponding to a
character as the square of the standard Cartesian coordinate distance. The distance values are
placed 1n a table. In addition, each location on the auto-correcting keyboard region 1s defined
by a horizontal and a vertical coordinate, and wherein the distance value between a contact
location and the known coordinate location corresponding to a character comprises a horizontal
and a vertical component, wherein the vertical component 1s adjusted by a weighting factor in
calculating the distance of the contact location from the character. The word evaluation
component adds an increment value to the sum of the distance values prior to applying a
weighting function according to the frequency of use associated with the candidate object.
Most preferably, the increment value 1s a fixed value that 1s approximately twice the average
distance between adjacent locations on the auto-correcting keyboard region corresponding to
characters. The frequency of use associated with each candidate object in memory comprises
the ordinal ranking of the object with respect to other objects in memory, wherein an object
associated with a higher relative frequency corresponds to a numernically lower ordinal ranking.
Most preterably, the frequency weighting function applied by the word evaluation component
to the summed distance values for a candidate object comprises multiplying the sum of the
distance values by the base 2 logarithm of the ordinal ranking of the object.

Preferably, objects in memory are stored such that the objects are classified into
groupings comprising objects of the same length. The word evaluation component limits the
number of objects for which a matching metrnic 1s calculated by imitially identifying candidate
groupings of objects of the same length as the number of inputs in the input sequence. Most

preferably, i1f fewer than a threshold number of candidate objects are evaluated to have a
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matching metric score better than a threshold value, the word evaluation component identifies
candidate groupings of objects of progressively longer lengths and calculates the matching
metric for the objects in the identified groupings until said threshold number of candidate
objects are evaluated to have a matching metric score better than said threshold. Further, the
word evaluation component calculates the matching metric for each candidate object by
summing the distance values calculated from each contact location in the input sequence to the
location assigned to the character in the corresponding position of the candidate object and
adding an increment value, and applying to this sum a weighting function according to the
frequency of use associated with the object, and wherein the increment value added to the sum
of the distance values is a value that 1s based on the difference between the number of
characters 1n the candidate object and the number of inputs in the current input sequence.
Preferably, the word evaluation component calculates the matching metric for each
candidate object by summing the distance values calculated from each contact location in the
Input sequence to the location assigned to the character in the corresponding position of the
candidate object, and applying a weighting function according to the frequency of use
associated with the object. Most preferably, the frequency of use associated with each
candidate object in memory comprises the ordinal ranking of the object with respect to other
objects 1n one or a plurality of sub-groupings in memory with which said object 1s associated,
whereln an object associated with a higher relative frequency corresponds to a numerically
lower ordinal ranking. In addition, for each calculated distance value between a contact
location 1n the input sequence and the known coordinate location corresponding to a character
within the auto-correcting keyboard region wherein said calculated distance exceeds a
threshold distance value, for each object in memory in which said character occurs at a position
in the sequence of the characters of said object corresponding to the position of said contact
location 1n said input sequence, said object 1s ranked by the word evaluation component as an
object that 1s excluded from presentation to the user for selection. One or a plurality of the
1dentified candidate groupings of the objects in memory comprise objects that are excluded
from presentation to the user for selection, wherein at least one of the calculated distance
values included in the calculated sum of distance values for each object in said one or
1dentified candidate groupings of objects exceeds a threshold distance value. The auto-
correcting keyboard region is separated into two or more predefined clustering regions, each of
which contains the known locations of one or a plurality of characters, and wherein each
objects in memory 1s assigned to a predefined group according to which of said two or more
predefined clustering regions contain the known locations corresponding to one or a plurality
of the nitial characters of said object. In one embodiment, the auto-correcting keyboard region
1s separated into three predefined clustering regions, and wherein each object in memory is
assigned to one of nine predefined groupings based which of the three predefined clustering
regions contain the known locations corresponding to each of the first two characters of said

object.
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Preferably, for each character corresponding to a known location in the auto-correcting
keyboard region, a region is predefined around one or a plurality of said known locations
wherein the distance between an input contact location falling within said predefined region
and the known character location within said predefined region is calculated as a distance of
zero. Most preterably, the relative sizes of said predefined regions correspond to the relative
frequencies of occurrence of the characters associated with the known locations within said
predefined regions. The predefined region around the known location of a character
corresponds to a displayed key on the touch screen. Further, at least one of the locations with
known coordinates in the auto-correcting keyboard region corresponds to a plurality of
characters, one or a plurality of which include various diacritic marks, wherein the plurality of
characters comprse variant forms of a single base character, and wherein objects in memory
are stored with their correct accented characters.

Preferably, the selection component presents the identified one or a plurality of
candidate objects for selection by the user in a candidate object list in the text display area.
Most preferably, the selection component identifies the highest ranked candidate object and
presents the 1dentified object in the candidate object list in the position nearest to the auto-
correcting keyboard region. In addition, user selection of a character that is associated with a
contact outside of the auto-correcting keyboard region accepts and outputs the determined
highest ranked candidate object at a text insertion point in the text display area prior to
outputting the selected character at the text insertion point in the text display area. The user
selection of an object for output at a text insertion point in the text display area terminates the
current input sequence such that the next contact within the auto-correcting keyboard region
starts a new 1nput sequence. In addition, the selection component detects a distinctive manner
of selection that 1s used to select a candidate object, and wherein upon detecting that an object
has been selected through said distinctive manner, the system replaces the current input
sequence of actual contact locations with an input sequence of contact locations corresponding
to the coordinate locations of the characters comprising the selected object, and wherein a next
contact 1n the auto-correcting keyboard region is appended to the current input sequence.

Preferably, the word evaluation component determines, for each determined contact
location 1n each input sequence of contact locations, the closest known location corresponding
to a character, and constructs an exact typing object composed of said determined
corresponding characters in the order corresponding to the input sequence of contact locations.
Most preterably, for each input sequence of contact locations, the selection component presents
sald exact typing object to the user for selection. Further, when the user selects said exact
typing object for output to the text display area on the output device and said exact typing
object 1s not already included as one of the objects in memory, said exact typing object is
added to the memory. Prior to displaying the exact typing object to the user for selection, the
selection component compares the exact typing object to a database of offensive objects, each

of which 1s associated with an acceptable alternative object for display, and if a match is found,
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replaces the exact typing object with the associated acceptable object for presentation to the
user.

Preferably, the selection component 1dentifies the highest ranked candidate object and
presents the 1dentified object at the text insertion point in the text display area on the output
device. Most preferably, the text entry system includes a select key region associated with an
object selection function, wherein when said select key region 1s contacted, the object
presented at the text insertion point 1n the text display area on the output device 1s replaced
with next highest ranked object of the 1dentified one or a plurality of candidate objects.

Preferably, the text entry system includes a delete key region associated with a delete
function, wherein when the current input sequence includes at least one contact and said delete
key region is contacted, the last input contact from the current input sequence of contacts 1s
deleted, without terminating the current input sequence. In another preferred embodiment, the
text entry system includes an Edit Word key region associated with an Edit Word function,
wherein when no current input sequence exists and said Edit Word key region 1s contacted:

(1) when the text insertion point in the text display area on the output device 1s
contained within a previously output word, the system establishes a new current input sequence
consisting of a sequence of contact locations corresponding to the coordinate locations
assoclated with the characters of said word, and

(11) when the text insertion point in the text display area on the output device is located
between two previously output words, the system establishes a new current input sequence
consisting of a sequence of contact locations corresponding to the coordinate locations
associated with the characters of the word adjacent to the text insertion point, and

wherein the text entry system processes said new current input sequence and
determines a corresponding ranking of new candidate objects, and wherein selection of one of
the new candidate objects replaces the previously output word used to establish said new
current 1nput sequence.

Preferably, as the user enters an imnput sequence by performing a sequence of contact
actions within the auto-correcting keyboard region, the processor determines the location
associated with each user contact action by recording each contact action in the sequence as an
indexed primary set of a fixed number of two or more regularly spaced contact points along the
path traced out by the user contact action, and by assembling two or more corresponding
secondary sets of contact points by taking, for each of the two or more possible primary index
values, the sequence of contact points having the same index value, one from each recorded
indexed primary set of contact points, and by determining with respect to each word 1s selected
by the user for output, a minimizing primary index value that identifies the assembled
secondary set of contact points for which the calculated distance between the assembled
secondary set of contact points and the known locations corresponding to the characters of the
selected word 1s minimized, and whereby for a next input sequence of user contact actions, the

distance value calculation component calculates distance values based on a sequence of contact
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locations determined as the secondary set of contact point locations assembled from said next
Input sequence of contact actions corresponding to the determined minimizing primary index
value. Most preferably, for a plurality of user input sequences, the distance value calculation
component computes a running average of the distance calculations for each of the two or
more assembled secondary sets corresponding to the two or more primary index values, and
whereby for a next input sequence of contact actions, the distance value calculation component
calculates distance values based on a sequence of contact locations determined as the
secondary set of contact point locations assembled from said next input sequence of contact
actions corresponding to the mimimizing primary index value determined with respect to said
computed runnming averages. Further, for each primary index value, the distance value
calculation component computes a running average of the horizontal and vertical components
of the offset of the coordinate location corresponding to each character of each selected word
with respect to the coordinate location of each corresponding recorded indexed contact point,
and wherein 1n performing distance calculations for the word evaluation component, the
distance value calculation component adjusts the horizontal and vertical coordinates of each
recorded indexed contact point by an amount that is a function of the average horizontal and
vertical offsets computed with respect to the corresponding primary index value.

Preferably, for each input contact location, the distance value calculation component
computes a running average of the horizontal and vertical components of the offset of the
coordinate location corresponding to each character of each selected word with respect to the
coordinates of each corresponding input contact location, and wherein in performing distance
calculations for the word evaluation component, the distance value calculation component
adjusts the horizontal and vertical coordinates of each input contact location by amounts that
are functions of the computed average signed horizontal and vertical offsets. Alternatively, the
processor further comprises a stroke recognition component that determines for each user
contact action within the auto-correcting keyboard region whether the point of contact is
moved less than a threshold distance from the initial contact location prior to being lifted from
the touch sensitive surface, whereby:

(a) when the point of contact 1s moved less than a threshold distance from the initial
contact location prior to being lifted from the touch sensitive surface, the stroke recognition
component determines that the user contact 1s a tap contact, and the location determined to be
assoclated with the user contact 1s added to the current input sequence of contact locations to
be processed by the distance value calculation component, the word evaluation component, and
the selection component, and

b) when the point of contact 1s moved greater than or equal to a threshold distance
from the 1nitial contact location prior to being lifted from the touch sensitive surface, the stroke
recognition component determines that the user contact is one of a plurality of stroke contacts
that are associated with known system functions, and classifies the stroke contact as one of the

plurality of predefined types of stroke contacts.
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Preferably, when a threshold number of contact locations in the input sequence are
further than a threshold maximum distance from the corresponding character in the sequence
of characters comprising a given candidate object, said object 1s 1dentified as no longer being a
candidate object for the selection component. Alternatively, the processor further comprises a
frequency promotion component for adjusting the frequency of use associated with each object
In memory as a function of the number of times the object 1s selected by the user for output to
the text display area on the output device. Moreover, the frequency of use associated with each
object in memory comprises the ordinal ranking of the object with respect to other objects 1n
memory, wherein an object associated with a higher relative frequency corresponds to a
numerically lower ordinal ranking, and wherein when an object 1s selected for output by the
user, the frequency promotion component adjusts the ordinal ranking associated with said
selected object by an amount that is a function of the ordinal ranking of said object prior to said
adjustment. Further, the function used by the frequency promotion component to determine
the amount by which the ordinal ranking associated with a selected object 1s adjusted reduces
said amount for objects with ordinal rankings that are associated with relatively higher
frequencies of use. The frequency promotion component analyzes additional information files
that are accessible to the text entry system to identify new objects contained 1n said files that
are not included among the objects already in said memory of said text entry system, and
wherein said newly identified objects are added to the objects in memory as objects that are
associated with a low frequency of use. Further, the frequency of use associated with a newly
identified object that is added to the objects in memory 1s adjusted by the frequency promotion
component as a function of the number of times that the newly 1dentified object 1s detected
duning the analysis of said additional information files.

Preferably, the processor further comprises a frequency promotion component for
adjusting the frequency of use associated with each object in memory as a function of the
number of times the object is selected by the user for output to the text display area on the
output device with respect to other objects associated with the same predefined grouping.
Most preferably, when an object is selected by the user for output to the text display area on
the output device, the frequency promotion component increases the value of the frequency
assocliated with the selected object by a relatively large increment, and decreases by a
relatively small decrement the frequency associated with unselected objects that are associated
with the same grouping as the selected object. Alternatively, information regarding the
capitalization of one or a plurality of objects is stored along with the objects in memory and
wherein the selection component presents each 1dentified object 1n a preferred form of
capitalization according to the stored capitalization information. In another embodiment, one
or a plurality of objects in memory are associated with a secondary object in memory
comprising a sequence of one or a plurality of letters or symbols, and wherein when the
selection component identifies one of said objects for presentation to the user based on the

matching metric calculated by the word evaluation component, the selection component
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presents the associated secondary object for selection.

The present invention further provides a text entry system comprising:

(a) a user input device comprising a keyboard constructed with mechanical keys
including an auto-correcting keyboard region comprising a plurality of keys, each
corresponding to a character of an alphabet and each at a known coordinate location, wherein
each time a user activates one or a plurality of adjacent keys in the auto-correcting keyboard
region within a predetermined threshold period of time to generate a key activation event, a
determined location corresponding to the key activation event is appended to a current input
sequence of the determined locations of the key activation events;

(b) a memory containing a plurality of objects, wherein each object is a string of
one or a plurality of characters forming a word or a part of a word, wherein each object is
further associated with a frequency of use;

(c) an output device with a text display area; and

(d) a processor coupled to the user input device, memory, and output device, said
processor comprising:

(i)  adistance value calculation component which, for each generated key
activation event location in the input sequence of key activation events, calculates a set of
distance values between the key activation event location and the known coordinate locations
corresponding to one or a plurality of keys within the auto-correcting keyboard region;

(11) a word evaluation component which, for each generated input sequence,
1dentifies one or a plurality of candidate objects in memory, and for each of the one or a
plurality of 1dentified candidate objects, evaluates each identified candidate object by
calculating a matching metric based on the calculated distance values and the frequency of use
associated with the object, and ranks the evaluated candidate objects based on the calculated
matching metric values; and

(111)  a selection component for identifying one or a plurality of candidate
objects according to their evaluated ranking, presenting the identified objects to the user, and
enabling the user to select one of the presented objects for output to the text display area on the
output device.

Pretferably, (a) each of the plurality of objects in memory is further associated with one
or a plurality of predefined groupings of objects; and (b) the word evaluation component, for
each generated input sequence, limits the number of objects for which a matching metric is
calculated by 1dentifying one or a plurality of candidate groupings of the objects in memory,
and for one or a plurality of objects associated with each of the one or a plurality of identified
candidate groupings of objects, calculates a matching metric based on the calculated distance
values and the frequency of use associated with each candidate object, and ranks the evaluated
candidate objects based on the calculated matching metric values. Further, the keys associated
with the characters of the alphabet are arranged in the auto-correcting keyboard region in

approximately a standard “QWERTY"™ layout.
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Preferably, when a key activation event is detected comprising the simultaneous
activation of a plurality of adjacent keys in the auto-correcting keyboard region, a location
corresponding to said key activation event is determined as a function ot the locations of the
simultaneously activated keys, and said determined location is appended to the current input
sequence of the locations of the key activation events. Most preferably, the function used to
determine the location of said key activation event comprises the computation of the location
corresponding to the center of the locations of the simultaneously activated keys. Further, the
function used to determine the location of said key activation event comprises the computation
of the location corresponding to the weighted center of gravity of the locations of the
simultaneously activated keys, wherein the weights associated with each of the keys in the
auto-correcting keyboard region correspond to the relative frequencies of occurrence of the
characters associated with the keys, wherein said relative frequencies are determined with
respect to the frequencies of occurrence of the characters in the objects in memory.

Preferably, when a key activation event is detected comprising the activation of a
plurality of adjacent keys in the auto-correcting keyboard region within a predetermined
threshold period of time, wherein at all times during said key activation event at least one of
said plurality of adjacent keys is activated and wherein at any moment during said key
activation event that any subset of said plurality of keys is simultaneously activated, said
simultaneously activated subset of keys comprises keys that are contiguously adjacent, a
location corresponding to said key activation event is determined as a function of the locations
of the entire plurality of adjacent keys detected during said key activation event, and said
determined location is appended to the current input sequence of the locations of the key
activation events. Most preferably, the function used to determine the location of said key
activation event comprises the computation of the location corresponding to the center of the
locations of the simultaneously activated keys. Further, the function used to determine the
location of said key activation event comprises the computation of the location corresponding
to the weighted center of gravity of the locations of the simultaneously activated keys, wherein
the weights associated with each of the keys in the auto-correcting keyboard region correspond
to the relative frequencies of occurrence of the characters associated with the keys, wherein
said relative frequencies are determined with respect to the frequencies of occurrence of the
characters in the objects in memory.

Preferably, the auto-correcting keyboard region includes one or a plurality ot keys
associated with one or a plurality of punctuation characters, wherein said memory ncludes one
or a plurality of objects in memory which include one or a plurality of the punctuation
characters associated with keys in said auto-correcting keyboard region. Alternatively, the
word evaluation component calculates the matching metric for each candidate object by
summing the distance values calculated from determined location in the input sequence to the
known location of the key corresponding to the character in the corresponding position of the

candidate object, and applying a weighting function according to the frequency of use
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associated with the object. In another embodiment, at least one of the keys in the auto-
correcting keyboard region corresponds to a plurality of characters, one or a plurality of which
include vanious diacritic marks, wherein the plurality of characters comprise vanant forms of a
single base character, and wherein objects in memory are stored with their correct accented
characters.

Preferably, the selection component presents the 1dentified one or a plurality of
candidate objects for selection by the user in a candidate object list in the text display area.
Most preferably, the selection component identifies the highest ranked candidate object and
presents the 1dentified object in the candidate object list in the position nearest to the auto-
correcting keyboard region. Further, activation of a key that 1s associated with a character,
wherein the key 1s not included within the auto-correcting keyboard region, accepts and
outputs the determined highest ranked candidate object at a text insertion point in the text
display area prior to outputting the selected character at the text insertion point in the text
display area. Further, the user selection of an object for output at a text insertion point in the
text display area terminates the current input sequence such that the next key activation event
within the auto-correcting keyboard region starts a new input sequence.

The present invention further provides a process for auto-correcting text entry system
comprising:

(a) providing a user input device comprising a touch sensitive surface including an
auto-correcting keyboard region comprising a plurality of the characters of an alphabet,
wherem each of the plurality of characters corresponds to a location with known coordinates 1n
the auto-correcting keyboard region, wherein each time a user contacts the user input device
within the auto-correcting keyboard region, a location associated with the user contact is
determined and the determined contact location is added to a current input sequence of contact
locations;

(b) providing a memory containing a plurality of objects, wherein each object 1s a
string of one or a plurality of characters forming a word or a part of a word, wherein each
object 1s further associated with a frequency of use;

(c) providing an output device with a text display area; and

(d) providing a processor coupled to the user input device, memory, and output
device, said processor comprising:

(1) a distance value calculation component which, for each determined
contact location in the input sequence of contacts, calculates a set of distance values between
the contact locations and the known coordinate locations corresponding to one or a plurality of
characters within the auto-correcting keyboard region;

(11) a word evaluation component which, for each generated input sequence,
identifies one or a plurality of candidate objects in memory, and for each of the one or a
plurality of 1identified candidate objects, evaluates each identified candidate object by

calculating a matching metric based on the calculated distance values and the frequency of use
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associated with the object, and ranks the evaluated candidate objects based on the calculated
matching metric values; and

(11)  a selection component for (a) identifying one or a plurality of candidate
objects according to their evaluated ranking, (b) presenting the identified objects to the user,
enabling the user to select one of the presented objects for output to the text display area on the
output device.

Preterably, the selection component further comprises (c) resetting the current input
sequence of the locations of the points of contact to an empty sequence upon detecting the
selection by the user of one of the presented objects for output to the text display area on the
output device.

Brief Description of the Drawings

Figure 1A 1s a schematic view of a preferred embodiment of a portable computer
incorporating a reduced keyboard system of the present invention which automatically corrects
mmput keystrokes; Figure 1B is the same schematic view showing an embodiment of a word
choice hist that 1s displayed after the user has entered a sequence of keystrokes within the auto-
correcting keyboard region.

Figure 2 1s a hardware block diagram of the reduced keyboard system of Figures 1A
and 1B.

Figure 3 1s a schematic view of a preferred embodiment of an auto-correcting keyboard
region of the reduced keyboard system of the present invention which automatically corrects
input keystrokes, showing its division into three clustering regions and three example contact
points.

Figures 4A through 4K show a flow chart of a preferred embodiment of software to
determine the intended text to be generated in response to an input sequence of keystrokes.

Figures 5A through SE are schematic views showing a sequence of character inputs as
an 1llustrative example of entering a word on a preferred embodiment of a portable computer
incorporating a reduced keyboard system of the present invention.

Detailed Description of the Invention

Since user keystroke entries are presumed to be possibly inaccurate, there is some
ambiguity as to how a particular sequence of keystrokes should be interpreted in order to
generate the sequence of characters that the user intended to type. The present invention
provides a process and system (i.e., apparatus or device having the inventive software within)
wherein the user is presented with one or more alternate interprétations of each keystroke
sequence corresponding to a word such that the user can easily select the desired interpretation,
and wherein no special action need be taken to select the interpretation deemed most likely.
This approach enables the system to utilize the information contained in the entire sequence of
keystrokes corresponding to a word in resolving what the user’s likely intention was for each

character of the sequence.
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The method of the present invention has two very significant advantages over prior
systems. such as that disclosed by U.S. Patent 5,748,512. One 1s that the inventive system is
able to utilize information regarding both preceding and succeeding keystrokes in determining
the intended character for each keystroke, together with the length of the word and a database
that includes information as to the relative frequencies of potentially matching words. This is
far more information than can be utilized by prior systems, and greatly increases the
performance of the system. The second advantage 1s that the user need only interact and
respond to predictions by the system at word boundaries, after all the characters of each word
have been entered, rather than having to examine, and accept or reject each character generated
by the system immediately following each keystroke. This greatly enhances the usability of
the system, since the user is thus able to focus much more on the entry of text on the keyboard
without needing to constantly divert his attention to the display following each keystroke.
Another advantage 1s the system also accommodates punctuation characters such as a hyphen
or apostrophe that are commonly embedded 1n words such as hyphenated compounds and
contractions in English. Such embedded punctuation characters can be associated with one or
more keys or character locations included among those associated with alphabetic characters.

Definitions

“Keyboard” shall mean include any input device having defined areas including, but
not limited to, a touch sensitive screen having a defined area containing a plurality of defined
locations associated with characters, a touch sensitive screen having defined areas for keys,
discrete mechanical keys, or membrane keys.

“Auto-correcting keyboard region” refers to that region of the keyboard having the
inventive auto-correcting process and features applied.

“Object” shall mean a string of one or more characters forming a word or part of a
word, including without limitation, wordstems, prefixes and suffixes.

“Word” shall mean a string of one or more characters that is used 1n a given language,
also including without limitation acronyms, abbreviations and proper nouns.

“Wordstem™ shall mean a “root word™ or “‘root stem.” For example, the word
“interestingly” consists of the root word “interest” to which the suffix “ingly” has been
appended. As a further example, the word “surprisingly” consists of the root stem ““surpris” to
which the suffix “ingly” has been appended.

“Module” 1s a logical organization of objects based upon characteristics of the objects.
For example, (1) words of the French language versus words of the English language are
arranged 1n different modules, (2) a verb stem module contains verb stems to each of which
one or more possible sutfixes may be appended, wherein the suffixes are contained in one or
more suffix modules associated with the verb stem module, wherein the suffixes from the
suffix modules can be appended to a verb stem 1n the verb stem module to form a properly

inflected word.
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A “contact action” comprises the entirety of a user action which results in a contact
with the keyboard, starting from the first point and moment of contact, and including any
additional contiguous points of contact that are detected up to the moment at which contact
with the keyboard 1s terminated. Examples of contact actions include, but are not limited to,
physically touching a touch sensitive screen with a stylus or finger and moving the stylus or
finger to a greater or lesser degree prior to lifting the stylus or finger from the screen, or
moving a mouse cursor to position it within a displayed keyboard region and clicking the
mouse button then moving the mouse cursor to a greater or lesser degree prior to releasing the
mouse button.

A “contact location” 1s the location determined to correspond to a user action which
results in a contact with the keyboard. Methods of determining a contact location include, but
are not limited to, detecting the point on a touch screen or similar device where the initial or
final contact was made by the user, or detecting a user action such as a mouse click whereby
the contact location 1s determined corresponding to the location of the mouse cursor within a
displayed keyboard region at the time of that the mouse button is first depressed.

A “distance value calculation component” calculates a set of distance values between a
contact location and the known coordinate locations corresponding to one or more characters
within the auto-correcting region of the keyboard. The method used to calculate the distance
between two locations includes, but is not limited to, assigning Cartesian coordinates to each
location and calculating the distance between two locations according to standard Cartesian
coordinate distance analysis, assigning Cartesian coordinates to each location and calculating
the distance between two locations as the square of the standard Cartesian coordinate distance,
and assigning Cartesian coordinates to each location and calculating the distance between two
locations according to Cartesian coordinate distance analysis where the vertical component is
adjusted by a weighting factor.

A “matching metric” 1s a score calculated for an object with respect to an input
sequence of contact locations as a means to estimate how likely it is that the object corresponds
to the user’s intention in performing the input sequence of contacts. For example, a matching
metric can be calculated in one embodiment as the sum of the squares of the distances from
each contact location 1n the entry sequence to the location assigned to the character in the
corresponding position of a given candidate object, and then multiplying the sum of the
squared distances by a frequency adjustment factor, which in one preferred embodiment is
calculated as the base 2 logarithm of the ordinal position of the word with respect to other
potential candidate objects, where objects associated with higher relative frequencies
correspond to lower ordinal positions (i.e., the most frequent object is at position “1”°). Thus,
in this embodiment, the lower the numeric value of the calculated matching metric, the more
likely a given object 1s deemed to correspond to the user’s intention in generating a sequence

of contact points.
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An “evaluated ranking” is the relative prioritization of a set of candidate objects
according the likelihood that each of the objects corresponds to the user’s intention in
generating a sequence of contact points. where this likelihood is determined according to the
matching metric calculated for the objects.

A “key activation event” includes but 1s not limited to an event that comprises the
entirety of the activated keys detected during the course of a user action which results in the
activation of one or more adjacent keys of a mechanical keyboard, starting from the first
depressed key and including the time at which it was depressed, and including any additional
keys that are adjacent to the first depressed key and that are simultaneously depressed, detected
up to the moment at which neither the first key nor any simultaneously depressed adjacent key
1s depressed.

With regard to Figure 1A, a reduced auto-correcting keyboard system 100 formed in
accordance with the present invention is depicted incorporated in a palmtop portable computer
102. Portable computer 102 contains a reduced keyboard 105 implemented on a touch screen
display 103, which 1s used to generate text to be output to text display region 104. For
purposes of this application, the term “keyboard” is defined broadly to include any input
device having defined areas including, but not limited to, a touch screen having defined areas
for keys, discrete mechanical keys, or membrane keys. Keyboard 105 has an auto-correcting
keyboard region 106 wherein the 26 letters of the English alphabet plus an apostrophe are
displayed in approximately the standard “QWERTY” arrangement. In this preferred
embodiment, it 1s relevant to note that the aspect ratio of the keyboard 106 (the ratio of its
width to 1ts height) 1s less than 2:1, whereas for a standard computer keyboard or typewriter,
this ratio 1s approximately 4:1. This aspect ratio renders the keyboard 106 easier to use in that
the less elongated shape tends to minimize the distance the stylus must be moved between
letters at opposite ends of the keyboard, while enhancing the system’s ability to distinguish
between letters in adjacent rows by increasing their relative separation. This makes i1t easier
for the user to contact the keyboard in a location that is relatively close to the intended letter in
the vertical dimension. Consequently, in a preferred embodiment, the distance of a contact
point from a letter 1s calculated using a method that increases the relative weight of the vertical
component of the distance with respect to the horizontal component.

The keyboard may be of any size, very small or very large. For example, an
implementation using a space for the auto-correcting keyboard as small as 1 cm by 0.5 ¢cm that
includes all 26 letters of the English alphabet has been found to be quite usable with a small
plastic stylus. When embodied as a keyboard of this size, a well-known key arrangement such
as the standard “QWERTY™ layout may be used. With this key arrangement it is not necessary
to include legible displayed characters. because the relative locations of each character in the
defined keyboard space are well known to users familiar with such a standard layout.
Alternatively, a very small label such as a dot may be displayed at each character location to

aid the user.
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In accordance with another aspect of the invention, the internal, logical representation
of the characters need not mirror the physical arrangement represented by the labels on the
actual characters 1n the auto-correcting keyboard. For example, in a database constructed to
represent a French vocabulary module, the accented characters A and A may also be associated
with the unaccented character A that appears as an explicitly labeled key in a mechanical
keyboard or character location in a keyboard implemented on a touch-sensitive display screen.
The word entries 1n the French vocabulary module include the necessary information to
determine whether a given word is spelled with an accented or unaccented character so that the
correctly spelled form can be automatically generated based on an input contact point
sufficiently near the key or character location associated with the unaccented character. This is
a significant advantage for languages such as French that often use accented characters since
no special typing techniques, additional keys, or additional keystrokes are required to type
words using their correct spellings including appropnate accents.

The preterred keyboard of Figure 1 A contains six additional keys associated with the
execution of specific functions or the generation of specific characters. These keys include a
Shift key 108, a Space key 110, a BackSpace key 112, an Edit Word key 114, a Symbols Mode
key 116, a Return (or “Enter”) key 118, an Alternate Keyboard Mode key 120, and a Numeric
Mode key 122. The function of these keys will be discussed in conjunction with Figure 1B.

Text 1s generated using the keyboard system via keystrokes on the auto-correcting
keyboard 106. As a user enters a keystroke sequence using the keyboard, text 1s displayed on
the computer display 103. Two overlapping regions are defined on the display each of which
display information to the user. An upper output text region 104 displays the text entered by
the user and serves as a buffer for text input and editing. A word choice list region 150, which
in a preferred embodiment shown in Figure 1B is super-imposed on top of the text region 104,
provides a list of words and other interpretations corresponding to the keystroke sequence
entered by a user. The word choice list region 150 aids the user in correcting inaccuracies in
the entered keystrokes. In another embodiment, the system may be implemented on a device
with limited display space, and display only the Default or most likely word object at the
insertion point 107 in the text being generated.

In another preferred embodiment, the keyboard of the present invention 1s implemented
using a keyboard device. Examples of such devices would include the standard desktop
keyboard used with personal computers, or much smaller mechanical keyboards such as those
commonly used in portable, hand-held electronic devices such as two-way pagers that, in the
case of English and other Latin-alphabet based languages, include a full set of at least 26 small,
closely spaced keys, often arranged 1n the standard “QWERTY” layout. This embodiment 1s
logically 1dentical to a touch screen implementation in which the points at which physical
contact with the screen can be detected correspond exactly to the set of coordinates associated
with the characters of the keyboard. Thus, the methods of the present invention may be

applied equally well to such mechanical keyboard implementations.
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However, mechanical keyboards have a distinguishing characteristic from touch
screens in that a single inaccurate or erroneous key activation may not only consist of
activating a key other than the one intended, but also may constst of simultaneous or closely
sequential activation of two or more adjacent keys, wherein the activated keys may or may not
include among them the intended key. Thus, in accordance with another aspect of the
invention, a sequence of keystrokes on the auto-correcting keyboard 1s filtered through a
window of both time and space, in that a single intended keystroke may activate more than one
adjacent key. An example 1s when a user depresses 2, 3 or 4 keys when the user’s finger 1s not
properly aligned with the intended key or any single specific key. Thus, following each
received keystroke, the keystroke 1s not processed until after the system waits for a very brief
timeout threshold, or until a keystroke is received on a non-adjacent key. If the next keystroke
occurs on an adjacent key, or 1f multiple keystrokes occur on adjacent keys, betore the
expiration of the timeout threshold, the detected keys are regarded as a single keystroke event.
In such cases, a “virtual” point of contact is calculated at the center of the set of
“simultaneously” activated keys. The distances from this calculated ““virtual” contact point and
the known character locations (key locations in this case of a mechanical keyboard) are
calculated by interpolating to a logical coordinate frame with a finer resolution than that of the
physical sensors (keys).

In another embodiment of the invention, keystrokes on the auto-correcting keyboard are
not matched to characters in isolation, but rather entire sequences of keystrokes corresponding
to completed words are matched against a lexicon of candidate words that includes information
regarding the relative frequency with which each word appears 1n a representative corpus of
usage. In this way, the system is often able to correctly compensate for occasional keystroke
errors of a larger than average magnitude, or even multiple errors of a relatively larger
magnitude when the intended word is of high relative frequency. This word-level analysis of
keystroke input sequences are a key factor in enabling the inventive system to flexibly
accommodate user keystroke errors.

The word-level analysis of keystroke sequences enables the system to generate
punctuation characters such as a hyphen or apostrophe that are commonly embedded 1n words
such as hyphenated compounds and contractions in English. Such embedded punctuation
characters can be associated with one or more keys or character locations included 1n the auto-
correcting keyboard among those associated with alphabetic characters. When more than one
punctuation character is associated with a single key, the specific punctuation character
intended can be disambiguated based on the information included 1n the lexicon. Thus, for
example, if a word in the lexicon includes an apostrophe in a position corresponding to a key
contact in the region of an ambiguous punctuation key, the matching algorithm will
automatically identify the associated word and disambiguate the keystroke as an apostrophe.
Simultaneously, the system can separately analyze the keystroke sequences preceding and

following the key contact in the region of the punctuation key to determine the most likely
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matching words in the lexicon and calculate the likelihood that a hyphenated compound was
intended. In the case of a keyboard implemented on a touch-sensitive display screen, other
symbols, numbers or other characters not commonly used are relegated to a separate symbol
selection scheme, preferably through presentation in a series of temporarily displayed tables.
Such Symbol Tables are preferably accessed through a function key or touch entry element
assigned adjacent to the auto-correcting keyboard region. In the case of a mechanical
keyboard, these other symbols, numbers and uncommon characters are often accommodated
through additional keys not included in the auto-correcting keyboard.

In accordance with another aspect of the invention, candidate words that match the
Input sequence are presented to the user in a word selection list on the display as each input is
recetved. In accordance with another aspect of the invention, the word interpretations are
presented in the order determined by the matching metric calculated for each candidate word,
such that the words deemed to be most likely according to the matching metric appear first in
the list. Selecting one of the proposed interpretations of the input sequence terminates an input
sequence, so that the next keystroke inside the auto-correcting keyboard region starts a new
input sequence. In accordance with yet another aspect of the invention, only a single word
Interpretation appears on the display, preferably at the insertion point for the text being
generated. The word 1nterpretation displayed 1s that deemed to be most likely according to the
matching metric. By repeatedly activating a specially designated selection input, the user may
replace the displayed word with alternate interpretations presented in the order determined by
the matching metric. An input sequence is also terminated following one or more activations
of the designated selection input (effectively selecting exactly one of the proposed
interpretations of the sequence for actual outpu<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>