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A system and method for inputting text

Field of the invention

The present invention relates to a system and method for predicting one or more terms from a

user gesture across a gesture-sensitive keyboard. In particular, the one or more terms may be

predicted from a single continuous gesture by a user.

Background

There are existing systems which predict single words on the basis of a user "stroke" across a

touch-sensitive keyboard/screen.

One such system, as disclosed in US patent no. 7,098,896, titled "System and Method for

Continuous Stroke Word-based text input", comprises a store of words in a database. The

method of predicting a word from the input stroke pattern comprises comparing the input stroke

pattern with a set of the words in the database. The method comprises identifying a "final touch

point" in the stroke pattern in order to identify the terminating character for a candidate word.

Predictions for candidate words are then based on the first and last characters of the word,

where these characters have been identified from the input stroke pattern. The actual path

length of the inputted stroke pattern is compared to an expected path length which is stored with

each word in the database of words.

An alternative approach to predicting a word from a continuous stroke has been disclosed in US

patent no. 7,251 ,367, titled "System and Method for Recognizing Word Patterns Based on a

Virtual Keyboard Layout". In this disclosure, stroke input patterns are compared, again within a

single-word boundary, to a pre-determined library of stroke patterns. This technique has been

demonstrated both with a completely pre-defined library and with a dynamically generated

library.

All of the known systems, including those discussed above, are based around the principle of

solving the problem of matching an input stroke, which is intended to represent a word, with a

word in a database, based on the input stroke pattern and defined start and end points that

correspond (approximately) to the start and end characters of individual words within the

database.



The problem with the known systems and methods is that the input strokes are restricted to

correspondence with the start and end characters of words in the database, requiring and

restricting the user to enter strokes corresponding to full single words.

Thus, the known systems and methods cannot predict words based on an input stroke which

corresponds to the prefix of a word or an input stroke which corresponds to multiple words, for

example where the user is trying to input a phrase with a single continuous stroke.

It is an objective of the present invention to solve the above mentioned problems.

Summary of the invention

In a first aspect of the invention there is provided a method for predicting one or more terms

from a single continuous gesture across a gesture-sensitive keyboard. The method comprises:

sampling at a plurality of times the location of the gesture on the gesture-sensitive keyboard as

the gesture is performed; and predicting one or more terms from the plurality of samples by:

generating one or more features from the plurality of samples, wherein each of the one or more

features relates to a target on the gesture-sensitive keyboard that a user may have intended to

input when performing the gesture; generating a prefix tree of terms which includes the one or

more features; finding one or more paths through the prefix tree of terms given the one or more

features.

Preferably, the prefix tree of terms is represented by a graph, and including generating the

graph using graph theory.

Generating one or more features from the plurality of samples preferably comprises identifying a

location of the gesture on the gesture-sensitive keyboard where the user may have intended to

pass through a target of the gesture-sensitive keyboard. The location of the feature is preferably

the location of the gesture where the gesture passes closest to the target. The target may be a

point target or a line target. Preferably, a feature is identified for each target on the gesture-

sensitive keyboard. Preferably, a feature is only retained if the minimum distance between the

feature and the target is below a threshold distance.

Each feature may comprise a distance metric which corresponds to the minimum distance

between the gesture and the target.



The prefix tree of terms is preferably generated by retaining the terms of a dictionary prefix tree

which are allowed given the one or more features. A term of the dictionary prefix tree may be

retained even if a feature does not correspond to that term.

The targets of the gesture-sensitive keyboard may correspond to the letters of the alphabet, and

optionally word boundary delimiters, such as a space, and/or punctuation symbols. The prefix

tree of terms may comprise one or more nodes representing the last letter of a completed word ,

wherein generating the prefix tree of terms may further comprise inserting a node corresponding

to a space character into the prefix tree where there is a node corresponding to the last letter in

a word. The probability associated with the node corresponding to the space character is

preferably reduced if a feature associated with that space character has not been identified.

Generating the prefix tree of terms may further comprise generating at the node corresponding

to the space character, a new prefix tree of terms generated by retaining the terms of a

dictionary prefix tree which are allowed given the remaining features in a sequence of one or

more features.

The method preferably comprises pruning the prefix tree of terms to remove all paths through

the prefix tree of terms for which the ratio of the probability of a given path over the probability of

the most likely path is below a predetermined threshold. The node representing a space

character may comprise meta-data to prune the new prefix tree of terms on the basis of context

data.

Generating the prefix tree of terms may further comprise allowing a given feature to represent a

repeated instance of the character it relates to, by retaining the terms of a dictionary prefix tree

which include character repetition if there is a valid path given the one or more features through

the prefix tree for this repeated character.

In one embodiment, finding one or more paths through the prefix tree of terms comprises using

a path-finding algorithm. The path-finding algorithm may use the distance metrics to generate a

probability estimate associated with each path through the prefix tree of terms. The path-finding

algorithm is preferably configured to return as the one or more terms, terms for which the

corresponding route has a probability estimate above a threshold value.

In an alternative embodiment, finding one or more paths through the prefix tree of terms

comprises: identifying one or more features which correspond to the end location of the gesture:

and assigning an indication of the cumulative probability for a given path to any node

representing the one or more features that correspond to the location of the end of the gesture,

only if that node corresponds to a leaf of the prefix tree of terms. The one or more paths may be



ordered by their cumulative probabilities and the path(s) for which the cumulative probability is

above a threshold value are returned, wherein the returned one or more paths correspond to

the one or more terms.

In either embodiment of the path finding means, the one or more terms is predicted on the basis

of all the currently available samples. The method may comprise periodically updating the

prediction of the one or more terms as the single continuous stroke is being performed and

more samples are generated.

Predicting the one or more terms may comprise predicting one or more words. The one or more

words may be predicted on the basis of a single continuous gesture which corresponds to the

user gesturing over one or more characters on a gesture-sensitive keyboard intended to

indicate the prefix for that word. Predicting the one or more words may comprise predicting a

phrase comprising a sequence of two or more words on the basis of a single continuous gesture

which corresponds to the user gesturing over characters for multiple words on a gesture-

sensitive keyboard. Preferably, the method comprises using context information to tailor the

prediction of one or more terms.

Preferably, sampling is performed at a predetermined frequency. The sampling frequency may

be about 60 Hz.

The prediction of the one or more terms is preferably based on the topography of the gesture-

sensitive keyboard in combination with gesture velocity and/or gesture curve direction. The

probability of a path through the prefix tree may be dependent on the topography of the gesture

between two features and the targets of the keyboard associated with those two features. The

probability of the path may be based on a monotonically decreasing function of the difference

between a straight-line distance between the two targets and the curved length of the gesture

between the two targets. The probability of the path may be based on a monotonically

decreasing function of the difference between the direction of a straight-line between the two

targets and the gesture direction at each point between the two targets.

The gesture may be a stroke and the gesture-sensitive keyboard is a touch-sensitive keyboard.

The method may comprise detecting pressure from a user stroking the keyboard to form the

single continuous stroke and the step of sampling comprises sampling the location at which

pressure is present. The sampling may comprise detecting a pressure value and a location at a

given time.



In a second aspect of the invention, there is provided a computer program product comprising a

computer readable medium having stored thereon computer program means for causing a

processor to carry out a method as described above.

In a third aspect of the invention, there is provided a system. The system comprises a feature

identification means configured to generate one or more features from a plurality of samples,

wherein each of the plurality of samples is sampled at a different time and corresponds to a

location of a single continuous gesture on a gesture-sensitive keyboard as the gesture is being

performed and, wherein each of the one or more features relates to one of a plurality of targets

of the gesture sensitive keyboard that a user may have intended to input when performing the

gesture; and a prediction means configured to predict one or more terms from the one or more

features, the prediction means comprising: a prefix tree generating means configured to

generate a prefix tree of terms which includes the one or more features; a path finding means

configured to find one or more paths through the prefix tree of terms given the one or more

features; and a predictor.

The system further comprises a gesture-sensitive keyboard comprising a plurality of targets and

configured to receive a single continuous gesture as input.

The system may further comprise a sampling means for sampling at a plurality of times the

location of the gesture on the gesture-sensitive keyboard as the gesture is performed.

The prefix tree generating means may be configured to generate a graph by graph theory,

wherein the graph represents the prefix tree of terms.

The feature identification means is preferably configured to generate one or more features from

the plurality of samples by identifying a location of the gesture on the gesture-sensitive

keyboard where the user may have intended to pass through a target of the gesture-sensitive

keyboard. The location of the feature is preferably the location of the gesture where the gesture

passes closest to the target The target may be a point target or a line target. The feature

identification means is preferably configured to identify a feature for each of the plurality of

targets and may be configured to retain a feature only if the minimum distance between the

feature and the target is below a threshold distance.

Preferably, each feature comprises a distance metric which corresponds to the minimum

distance between the gesture and the target.



The prefix tree generating means is preferably configured to generate the prefix tree of terms by

retaining the terms of a dictionary prefix tree which are allowed given the one or more features.

A term of the dictionary prefix tree may be retained even if a feature does not correspond to that

term.

The plurality of targets may correspond to the letters of the alphabet, and optionally word

boundary delimiters, such as a space, and/or punctuation symbols. The prefix tree of terms may

comprise one or more nodes representing the last letter of a completed word, and the prefix tree

generating means is configured to insert a node corresponding to a space character into the

prefix tree where there is a node corresponding to the last letter in a word. Preferably, the prefix

tree generating means is configured to reduce the probability associated with the node

corresponding to the space character, if the feature identification means has not identified a

feature associated with that space character. The prefix tree generating means is preferably

configured to generate at the node corresponding to the space character, a new prefix tree of

terms generated by retaining the terms of a dictionary prefix tree which are allowed given the

remaining features in a sequence of one or more features.

The prefix tree generating means may be configured to prune the prefix tree of terms to remove

all paths through the graph for which the probability of the path is below a predetermined

threshold. The prefix tree generating means is preferably configured to associate meta-data

with the node representing a space character to prune the new prefix tree of terms on the basis

of context data.

The prefix tree generating means may be configured to allow a given feature to represent a

repeated instance of the character is relates to, by retaining the terms of a dictionary prefix tree

which include character repetition if there is a valid path given the one or more features through

the prefix tree for this repeated character.

In one embodiment, the path finding means is a path-finding algorithm. The path-finding

algorithm may be configured to use the distance metrics to generate a probability estimate

associated with each path through the prefix tree of terms. The path-finding algorithm is

preferably configured to return as the one or more terms, terms for which the corresponding

route has a probability estimate above a threshold value.

In an alternative embodiment, the feature identification means is configured to determine one or

more features which correspond to the end location of the gesture, and the prefix tree

generating means is configured to assign an indication of the cumulative probability for a given

path to any node representing the one or more features that correspond to the location of the



end of the gesture, only if that node corresponds to a leaf of the prefix tree of terms. The path

finding means is preferably configured to order the cumulative probabilities and to return as the

one or more terms, terms for which the corresponding route has a cumulative probability

estimate above a threshold value.

The predictor is preferably configured to predict the one or more terms on the basis of all the

currently available samples and may be configured to periodically update the prediction for the

one or more terms as the single continuous stroke is being performed and the sampling means

generates more samples.

The predictor is preferably configured to predict one or more words. The predictor may be

configured to predict the one or more words on the basis of a single continuous gesture which

corresponds to the user gesturing over one or more characters on a gesture-sensitive keyboard

intended to indicate the prefix for that word. The predictor may be configured to predict a phrase

comprising a sequence of two or more words on the basis of a single continuous gesture which

corresponds to the user gesturing over characters for multiple words on a gesture-sensitive

keyboard. The predictor is preferably configured to use context information to tailor the

prediction of one or more terms.

The sampling means is preferably configured to sample at a predetermined frequency. The

sampling frequency may be about 60 Hz.

The predictor is preferably configured to predict the one or more terms on the basis of the

topography of the gesture-sensitive keyboard in combination with gesture velocity and/or

gesture curve direction. The predictor is preferably configured to predict a path through the

prefix tree dependent on the topography of the gesture between two features and the targets of

the keyboard associated with those two features. The probability of the path may be based on a

monotonically decreasing function of the difference between a straight-line distance between

the two targets and the curved length of the gesture between the two targets. The probability of

the path may be based on a monotonically decreasing function of the difference between the

direction of a straight-line between the two targets and the gesture direction at each point

between the two targets.

The gesture-sensitive keyboard is preferably a touch-sensitive keyboard and the single

continuous gesture is a stroke across the touch-sensitive keyboard. The touch-sensitive

keyboard may be configured to detect pressure from a user stroking the touch-sensitive

keyboard and the sampling means is configured to sample the location of the stroke at which



pressure is present. The sampling means may be configured to detect a pressure value and a

location at a given time.

Brief description of the drawings

The present invention will now be described in detail with reference to the accompanying

drawings, in which:

Fig. 1 is an illustration of the use of the method and system of the present invention and,

in particular, illustrates a single continuous user gesture across a user interface comprising a

gesture-sensitive keyboard to input a phrase and the corresponding predicted phrase which is

displayed on a display of the user interface;

Fig. 2 is an illustration of the use of the method and system of the present invention and,

in particular, illustrates a single continuous user gesture across a user interface comprising a

gesture-sensitive keyboard to input a prefix to a word and the corresponding predicted word

which is displayed on a display of the user interface;

Fig. 3 is a flow diagram to illustrate the continuous processing of an input stream in

accordance with the present invention;

Fig. 4 is a flow diagram to illustrate the sub-process which is followed to convert input

samples to update predictions in accordance with the present invention;

Fig. 5 illustrates a view of a feature generating algorithm with threshold and hysteresis in

accordance with the present invention;

Figs. 6a and 6b illustrate the generation of a prefix tree of terms (Fig. 6a) from a

reference prefix tree (Fig. 6b) representing a dictionary in accordance with the present

invention;

Fig. 7 illustrates terminal word endings in a prefix tree of terms in accordance with the

present invention;

Fig. 8 illustrates how a prefix generating means of the method and system of the present

invention deals with terminal word endings when generating a prefix tree of terms;

Fig. 9 illustrates the implementation of a cost function based on distance and length

variables for a trace between two points in a gesture, in accordance with the present invention;

Fig. 10 illustrates the implementation of a cost function based on the area available for

the trace between two points, in accordance with the invention;

Fig. 11 illustrates the implementation of a cost function based on end-point directions for

a trace between two-points given two neighbours, in accordance with the invention;

Fig. 12 is a schematic drawing of a system according to the present invention;

Fig. 13 illustrates an example use of the method and system of the invention and, in

particular, a feature graph for the first few samples from an example single continuous gesture;



Fig. 14 illustrates an example use of the system of the invention and, in particular, a

gesture across a gesture-sensitive keyboard for a user gesture intending to indicate the terms "a

wet";

Fig. 15 illustrates a partial feature graph generated for the single continuous gesture as

illustrated in Fig. 14 .

Detailed description of the invention

The disclosed system and method allows a user to enter arbitrary length sequences of

character-based input, potentially consisting of multiple words or a prefix for a word, with a

single continuous stroke, while maintaining regular feedback in the form of a prefix, word and/or

phrase predictions.

Thus, the system and method of the present invention provides text entry for a gesture-sensitive

device where users can perform a single continuous gesture to indicate intended word or

phrase input. For the examples that follow, there is described a touchscreen or touch-sensitive

device. A touchscreen device of the described embodiment allows a user to enter words or

phrases without requiring the user to break contact with the screen between letters or words, by

moving their finger to select characters in sequence while the system simultaneously processes

the input and produces predictions.

The present invention offers a significant improvement over known devices because it provides

more accurate and flexible text entry with an increased speed in which text can be inputted.

A user input gesture, which for the purposes of the described embodiment of a touchscreen

device, will be referred to as a "stroke", and is terminated by the user lifting their finger off the

touchscreen. The system interprets the user breaking contact with the screen as an indication

that there are no more words from this point, in this particular stroke.

The present system and method makes term predictions on the basis of a continuous stream of

samples, each sample representing the location of the gesture in time, whilst the gesture is

being performed. By sampling in this way, the system and method is able to function at a higher

level of functionality than word-matching systems. The system and method of the present

invention is thus able to provide scalability in both directions, i.e. to less than one word (a prefix)

or to several words at a time, thereby solving problems with the known systems and methods

and providing a more flexible alternative, as will be discussed in relation to figures 1 and 2 .

Figure 1 shows an example of a user gesture, intended to indicate multiple words, in this case

"How are you", traced across a touch-sensitive keyboard. As illustrated, there is no requirement



for the user to lift their finger from the screen between words. The probabilistic approach this

system takes (as will be described below) means that for natural language, it is possible to infer

the presence of spaces for likely candidate phrases.

Figure 2 , shows an example of a user's gesture to indicate a prefix for a word, in this example

the prefix being "pi" for the word "please". In this example, the most probable word for the

beginning of a sentence (i.e. a prediction where there are no words for context) given an input

gesture passing through "p" and Ύ is the word "please", so this word is displayed by the system

in a display pane of a user interface comprising the touchscreen keyboard. The use of

contextual evidence provided by a probabilistic context model, as will be discussed below,

allows the system and method to take into account context information for smaller strokes, such

as a prefix of a desired word, which will improve the accuracy of the text predictions provided to

the user.

The examples illustrated in figs. 1 and 2 relate to inputting text using a virtual keyboard which

does not include a spacebar, however, the invention is equally applicable to text inputted by a

gesture across a keyboard including a spacebar. The system and method of the present

invention enables a user to input multiple words via a single continuous gesture. Owing to the

way in which the text predictions are generated, it is possible for multiple words or a phrase to

be inferred from a single continuous gesture, even in the case where the user does not indicate

word boundaries.

With reference to the remaining figures, the specifics of how the invention is realised will be

described below in accordance with an example method and system.

As stated above, the method and system of the present invention samples the location of the

gesture with time as the gesture is being performed. For a touchscreen device, pressure values

can also be sampled at the same time as location to provide further information about the

word/phrase the user's stroke is intended to represent. The sampling of location and/or

pressure values may be carried out in any way known in the art. The system and method

models this continuous stream of user input samples to provide term/word/phrase predictions. A

stroke input can be defined as a (potentially infinite) sequence of samples, s, where:

= {x, y , p , t }

The values x and y are merely coordinate values representing the physical location of the user's

finger at the time of sampling, p is a pressure reading and t is the time at which the sample was

taken. Thus a stroke, S, is given as:

5 = i , 2 " ' > ∞ }



This provides a definition of the core input requirement for the system. The system functions to

convert the input stroke into an estimate of the probability of the sample sequence representing

a particular character sequence C at the point in time when a prediction is requested:

In this probability estimate, n is defined as the index of the sample where represents the most

recent sample. C is a prediction of what the user intended to enter via the stroke and comprises

a set of characters which may include spaces. This estimate can be used as an extra evidence

source to any other system or method which makes term/word/phrase predictions on the basis

of multiple evidence sources, for example the system and method as described in international

patent application no. PCT/GB201 1/00141 9 , entitled "Text prediction engine, system and

method for inputting text into electronic devices", the content of which is incorporated herein by

reference in its entirety.

The system of the present invention is preferably configured to continually provide this

probability estimate, and may provide this estimate as input to the text prediction mechanism in

international patent application no. PCT/GB201 1/00141 9 which takes the estimate into account

with other evidence sources (such as context) to generate more accurate text predictions.

As stated previously, the continuous stream of samples of the form {x, y, p , t} needs to be

processed to generate an estimate of the probability of the sample sequence representing a

particular character sequence. This processing step is illustrated in Fig. 3 . As shown, whilst the

user is touching the screen and performing the stroke, samples are taken. The system

continuously processes the sequence of samples generated from the stroke. Thus, whilst the

user remains in contact with the screen, samples continue to be taken and these samples are

processed along with all of the preceding samples of that gesture, to provide continually

updated predictions with associated probability estimates. Once the user breaks contact with

the screen, it is assumed that the stroke is finished and that there are no more characters/words

from this point, for this particular stroke.

A sub-process is required to convert the sequence of samples of the form {x, y, p , t} into one or

more candidate character sequences with associated probability estimates. Fig. 4 illustrates the

conversion of 'raw' input samples into probability estimates/updates. As illustrated, a three-step

process is provided to convert the raw samples into candidate character sequences with

associated probability estimates.

As shown in Fig. 4 , the first step of the sub-process is to convert the raw samples into a sparser

sequence of more abstract "features", where each feature may represent a candidate character



for inclusion in the predictions (i.e. the candidate character sequence) along with distance

metrics to be used for calculating probability estimates. The conversion of the raw samples into

a sequence of features will be explained below.

Once the raw samples have been converted into features, the second step of the sub-process

comprises generating a prefix tree of terms. The prefix tree of terms is generated from a

reference dictionary prefix tree by retaining paths of the reference prefix tree which are valid

given potential sub-sequences of features. The reference prefix tree is a complete prefix tree for

an entire dictionary and is therefore a static read-only data-structure. The reference prefix tree

can be stored in a memory of the system. In contrast, the prefix tree of terms is a dynamically

generated prefix tree which is a sparse copy of the reference prefix tree incorporating only

elements that are relevant to the stroke pattern. The prefix tree of terms is usually discarded

after generating a prediction for a given stroke pattern. However, in some cases, it may be

preferable to retain the prefix tree of terms to provide context evidence for the next predictions

predicted from a consecutive stroke pattern, e.g. in a situation where there are two stroke

patterns representing consecutive terms in a sentence/phrase.

The reference dictionary prefix tree can be any reference dictionary prefix tree known in the art,

for example any of the references cited on http://en.wikipedia.org/wiki/Trie or a model of the

English language based on English language text as discussed in International Patent

Application Publication No. WO 201 0/1 12841 , entitled "System and method for inputting text

into electronic devices", the content of which is hereby incorporated by reference in its entirety.

In a preferred embodiment, the prefix tree of terms is represented by a graph and generating a

prefix tree of terms comprises constructing a weighted, directional graph of the potential sub-

sequence of features.

Given a reference dictionary prefix tree for relevant languages, a weighted, directional graph is

constructed as follows:

o Define a Node, N, in a graph to be a pair, {f, t}, where f is the feature this node

represents and is the node in the reference dictionary prefix tree it corresponds

to;

o Define an Edge, E , to represent both the existence of a valid prefix tree

connection from the character represented by a feature to some later feature and

the cost associated with that path (cost functions are discussed below); and

o Build a graph as a set of nodes and edges from the features.



Preferably, the construction of the graph further comprises inserting a node into the graph if a

node t is present in the reference dictionary prefix tree, even if a feature has not been identified

by the feature identification means for this character. By inserting a node into the graph when

such a node exists in the reference dictionary prefix tree, the system and method is able to

increase the accuracy in correcting misspelt or mistyped words. The insertion of nodes into a

graph, when there is no identified feature corresponding to the character associated with that

node will be explained in greater detail below, along with a discussion of the cost of the graph

edge, i.e. the cost that is assigned to the inserted node.

Although estimates of the probability for each candidate word or phrase are required, it is more

natural to work with the concept of a "cost" when dealing with graph edges. Therefore, in the

description that follows the probability associated with a given path is often stated in terms of

the cost of that path. The probability, p(C), of a candidate, C, can be derived based on its

cumulative cost, c , from root to terminal node in the graph as follows p(C) = e or, reflexively,

the cost can be obtained from a probability estimate with c - -ln(p(C)).

Thus the system and method of the present invention, at the second and third steps of the sub-

process, has a first reference dictionary prefix tree (which is stored in a memory of the device)

and a second, dynamically generated, prefix tree (which we have referred to as the prefix tree of

terms or the graph). The use of a static reference prefix tree and a dynamically generated prefix

tree enables efficient continuous prediction by providing a straight-forward resume operation

when one gesture is a prefix of another. It also allows for the use of path-finding algorithms to

efficiently explore the tree (which will be apparent from the description of step three in the sub-

process which follows). The dynamically generated tree is used for the lifetime of a single

gesture (or for the lifetime of the next gesture if the first gesture is a prefix of the next gesture),

then discarded whereas the static prefix tree is retained unmodified. The terms 'prefix tree of

terms' and 'graph' are used interchangeably, since the prefix tree of terms has cost values

associated with the connections between the nodes.

Returning to Fig 4 , the final step in the conversion of the raw input samples into predictions with

associated probability estimates is to locate valid paths through the prefix tree or graph. Paths

through the prefix tree of terms represent possible predictions of the candidate character

sequence. The cheapest or most probable paths through the prefix tree or graph are returned

as the updated predictions in the flow chart of Fig. 3 . In one embodiment, a path-finding

algorithm can be used to locate the cheapest (or most probable) paths through the prefix tree or

graph. Any path finding algorithm known in the art can be used, for example Dijkstra or A*.

However, alternative approaches to identifying the most probable paths can be employed, as

will be discussed later. The probability estimate for a given prediction is derived from the



cumulative cost through the features of the graph or prefix tree for that given path. The

implementation of a cost function, to provide a cost to each leaf of the prefix tree, is discussed

later.

The predictions and their associated probability estimates can be provided to the system

described in international patent application no. PCT/GB201 1/001 4 19 as an evidence source for

the overall prediction probability.

The preferred method, which represents the prefix tree by a graph, makes use of graph theory

techniques to manage the combinatorial complexity caused by continuous sampling. The

sequence of features generated from the raw input samples represent far more characters than

the intended user input. By finding paths through the graph, possible sub-sequences of the full

feature sequence are selected. Furthermore, by generating a graph/prefix tree which is a sub

graph of the reference dictionary prefix tree, the path finding algorithm is made more efficient at

searching for valid paths. An additional benefit derived from generating a graph/prefix tree from

the reference dictionary prefix tree is that it is possible to efficiently and accurately correct

misspelt or mistyped words, which can, in part, be achieved by retaining certain letters of the

reference dictionary that have not been identified as features.

If the sequence of features is modelled as an ordered set, F, all of the possible sub-sequences

are the power set of F. That is, a set containing all of the possible subsets of F.

P ) = {0, f } , ifvf2}, }

If n is the number of features derived from the sample input so far, the growth of P(F) is given

as:

\P F \ = 2

A naive algorithm considering all possible routes implied by some user input will be of super

polynomial time complexity. The present method of graphing the combinations with some

dynamic pruning and route prioritisation can help this problem. Such an approach will provide a

high-level strategy for dealing with the search space complexity.

As stated previously, the problem of estimating predictions on the basis of raw input samples

can be broken down into configurable sub-problems comprising identifying a sequence of

features from the sequence of raw samples, generating a graph on the basis of the features,

finding paths through the graph. Furthermore, probability estimates can be associated with the

paths based on the cumulative cost of the path through the graph.



To reduce computational complexity, a set of paths of the graph can be pruned at a given time,

based on their cumulative cost up to some point. For example, a path may be removed (pruned)

where the updating of the probability estimate for that path decreases such that the ratio of the

probability estimate for that path to the probability estimate for the most likely path (for all the

paths) falls below a threshold value.

Returning to the steps of the sub-process as described in Fig. 4 , the system requires a feature

identifying means, a graph (or prefix tree of terms) generating means and a path finding means.

In the present case, the system and method use an algorithm comprising a feature identification

algorithm, a graph generating algorithm, and a path finding algorithm. The graph generating

algorithm can be broken down into two different phases, where either part can be replaced to

achieve different performance or quality characteristics. The first part is a "cost function" which

assigns weights between possible connections in the graph/prefix tree of terms. The second

part is an (optional) pruning function which can be used to dynamically discard routes through

the graph that appear too expensive early on. The pruning function provides the advantage of

improving performance of the graph construction algorithm (potentially at the cost of accuracy).

If the "cost function" is configured to assign the cumulative cost to each of the nodes in the

prefix tree of terms, then a path finding algorithm configured to find the cheapest route is not

needed, because the cheapest path can be determined by the cumulative cost values assigned

to the leaves (as will be explained in more detail later). Thus, in this case, the algorithm need

only comprise a feature identification algorithm and a graph generating algorithm. The predictor

is configured to sort the paths by their cumulative cost to the target node and output the

sequences the paths represent with an associated probability as predictions.

The individual steps in the sub-process will now be described in more detail. Returning to the

first step, a feature identification algorithm is configured to generate features from the raw input

samples. A feature is defined to represent a point on the stroke where the user may have

intended to pass through one of the fixed targets (e.g. target points or target lines) on the

keyboard. The feature identification algorithm need only generate a number of such optional

features from the input samples (since the graph generating algorithm calculates the costs of

including or skipping a feature).

A feature can be described by the following set of values:

f — i >d-i' i



where t is the intended target, is the distance along the stroke to the feature, d is the

distance between the feature (on the stroke) and the location of t , and is the index of the

closest sample to the feature. Features described in this way can only ever apply to a single

'target' on the keyboard (targets may have an approximately one-to-one mapping to

characters). For example, a feature for the 'z' target will never result in an 'x' being added to the

input. For this reason, targets cannot be computed from stroke topology alone - they are defined

based on the topology and keyboard layout.

The feature identification algorithm adds features independently for each target on the

keyboard, adding a feature at the local closest approach between the stroke and the target. A

local closest approach is a local minimum in the separation between stroke (curve) and target

(e.g. point or line). In the case where the target is a point (e.g. representing a character key on a

virtual keyboard) the separation can be computed directly. However, other types of target can

be used, for example the target may be represented by a line, which could be straight or curved

(e.g. in the case of a space bar on a virtual keyboard). In the case of a line-target, the feature

identification algorithm computes the point along the line that represents the location at which

the distance between the stroke curve and the target line is at a minimum. This point is then

used to compute the separation, as for a standard point target. If the stroke curve crosses the

target line, then the separation between the stroke curve and the target line will be zero, and the

feature will be added at the point where the curve crosses the line. As shown in Fig. 5 , the

granularity of the local minimum detection is defined by the hysteresis of the feature detector,

since there is latency between the sampling of the stroke and the identification of a feature.

The stroke is unlikely to be smooth, because the user is most likely human (however, it is

possible to use a smoothing algorithm if desired). The distance of the unsmoothed stroke from

the middle of a key will fluctuate as the user passes it, potentially creating many local minima. It

is preferred to configure the feature identification algorithm to identify features at points on the

curve where there is some local minimum that is "significant". The hysteresis constant provides

a means of defining a value by which the distance from the target needs to have fluctuated in

order for the minimum to be significant and a feature to have been identified. The graph of fig. 4

shows four local minima below the threshold distance, where only two of the minima are

considered significant.

The advantage of hysteresis is that it is possible to avoid adding too many features with an

unsmoothed stroke. Additionally, features are only added if the separation between feature &

target is less than the threshold of the feature detector (see Fig. 5).



Once the features have been identified, the next step (see Fig. 4) is the generation of a prefix

tree or graph which comprises those features. In the preferred embodiment, the system and

method uses a graph generating algorithm.

The desired output for a graph generating algorithm is described with reference to Fig. 6a. A

reference dictionary prefix tree is illustrated in Fig. 6b. The generated prefix tree of terms (or

graph) is illustrated in Fig. 6a. As can be seen, the generated prefix tree/graph comprises only

the relevant routes through the reference dictionary prefix tree, i.e. only those routes which are

valid on the basis of the features.

The graph/prefix tree thus describes the word sets relevant to the features only. As can be

seen, the prefix tree/graph is directional, because the features of the sequence remain in order

within the graph, however, features from the full sequence of features can be skipped, e.g. for

the input features c , d , o, f , g , h , the word 'dog' is a valid route, where the features c , d and h

have been skipped. As stated previously, the features identified by the feature identifying

algorithm represent more characters that the user will have intended to input, but features can

be skipped by the graph generating algorithm.

In addition, the graph generating algorithm is preferably configured to insert into the graph/prefix

tree a node representing a character that was not identified as a feature by the feature

identification algorithm, if that node is in the dictionary prefix tree and is part of a valid path

given the identified features. By way of non-limiting example, assume that the feature

identification algorithm identifies the features 'c, d , o, f , g , h , t' in the example described above

(in relation to figs. 6a and 6b). The graph generating algorithm would insert the node

representing 'a' into the graph/prefix tree with a corresponding cost associated with its insertion,

such that 'cat' is an additional path provided in the graph/prefix tree of figure 6a. The way is

which costs are assigned to inserted nodes will be described below.

In the prefix tree, valid points at which to end a word, according to the provided reference

dictionary, are represented with a terminal node. The terminal nodes are highlighted with bolder

borders in Figs. 6a and 6b to distinguish them over the non-terminal nodes. Note that all edges

in the generated prefix tree/graph will have a cost associated with them, but for brevity only one

route is shown in this example. Additionally, features are represented as merely the characters

they are most likely represent. In practice, a feature would have other data associated with it

related to the cost function being used.

There are many ways to construct a graph and different approaches will offer different

performance characteristics or compromises in flexibility. The preferred algorithm uses a depth-



first recursive construction method, i.e. the graph/prefix tree of terms is constructed (by the

graph generating algorithm) in the order that the nodes of the graph/prefix tree of terms would

be visited by a depth-first search. The algorithm is configured to incorporate pruning at each

recursive step.

Preferably, the prefix tree or graph generating algorithm covers implicit character repetition by

considering any feature to possibly represent repeated instances of the character they

represent, if there is a valid prefix tree route for it. Should this occur, the cost function will be

called with the same feature as both parent and child parameter. The cost function

implementation will have a rule for assigning sensible cost values to repeated features. By way

of a non-limiting example, an implementation for features, f , f can be as follows:

cost = s(f) * c(f ,

where s(f) is a function that works with the "separation" distance (the distance from the feature f

on the stroke to the key centroid) and c(f , f) is a function that works with the "curve distance"

delta, which is the distance between the two features on the curve. c(f , f) = 1 if f and f are the

same, so only the separation component is taken into account.

The final step in the sub-process comprises identifying valid paths and the probabilities

associated with those paths. The cumulative costs at each terminating node will be used to

calculate word probability.

In the particular case illustrated in Figs. 6a, the predictions for the given user input would have

been "dog" and "of". These are the only two words possible given the input sequence provided,

and they have a set of independently calculated cost values associated to them for use with

calculating their probability later. However, in the alternative described in relation to fig. 6a,

there is the additional prediction of "cat" which has a calculated cost value associated with the

prediction.

The system may be configured to call a cost function only for feature paths that the prefix tree

shows are valid.

One approach might be to find least costly paths through the graph with a known path finding

algorithm like Dijkstra or A*.

Another, preferred approach, is to record cumulative cost at each graph node as the graph is

being constructed. Given the tree-like structure of the graph of the preferred embodiment, there



can only be one route to each "leaf". That means, if there is a way of identifying sensible "target"

nodes, the paths can be sorted by the cumulative cost to those points, and the sequences they

represent can be returned very efficiently, without requiring a path finding algorithm.

Contrary to the known approaches, the present method does not limit the matching of the input

stroke to a single word, as the graph structure created and the search methods outlined above

contain a flexible representation of all the information. It is clear the same feature identification

and graph generation can be used to predict words from features representing a prefix of a

word only and a phrase from features spanning across multiple words.

The graph/prefix tree generation means effectively generates a sub-tree of the reference

dictionary prefix tree with weights (or costs) added to it. Thus, it is possible to match prefixes

because the route through the graph with the lowest cost should be the most probable prefix. To

bias the cost calculation for features that cause a word to be completed, the concept of a

"terminal node" can be added to the graph/prefix tree, where a terminal node representing the

last character in a word has the cost associated with it weighted by some factor dependent on a

space probability function, as will be described in more detail below. Terminal nodes are shown

in the figures 6a, 6b and 7 by a node which is shaded with a darker boarder, distinguishing it

from non-terminal nodes.

To predict phrases comprising one or more words, word endings are identified by the

graph/prefix tree generating means and the possibility of a space (or other word boundary

delimiter) with an appropriate cost is incorporated into the graph, as is explained in greater

detail below. This enables the system and method to chain words together, matching entire

phrases if the input suggests this could be the desired output, irrespective of whether the user

actually indicates word boundaries via their input (e.g. by gesturing across or close to a space

bar on a virtual keyboard).

The graph generating algorithm can be configured to add a space character (or any other word

boundary delimiter) to the graph as a child of some node N if:

• N is terminal (a valid end of word)

• The cost c for a path passing through the terminal node N given the space probability

function meets the pruning criteria being used. In one example, a path is pruned if the

ratio of the probability of that path over the probability of the most likely path falls below

a threshold.

The cost that is associated with a space incorporated into the graph will be dependent on

whether or not the feature identification means identifies a feature corresponding to that space.



For example, a user may traverse the space bar during a stroke on a virtual keyboard to

explicitly signal a word boundary, the feature identification means identifying the space as a

feature. Alternatively, the user may not gesture across or close to the spacebar, for example

because they have missed the spacebar out (e.g. in error or intentionally) or because the virtual

keyboard omits a target to indicate a term boundary (e.g. a keyboard without a spacebar). In

such a case, a space feature is not present in the set of features identified by the feature

identification means.

Fig. 7 illustrates an example prefix tree illustrating a terminal node N . The standard cost

associated with the terminal node N is determined by a cost function, as is described in more

detail below. However, the cost that is associated with a path through a terminal node is

modified by the cost that is associated with the space node that follows.

In the case where a feature corresponding to a word boundary character (e.g. a space) is

identified by the feature identification means, and this space feature corresponds to the space

node (i.e. the space feature occurs at an appropriate place in the directional set of features,

given the graph), the graph generating means associates a cost with that space node using the

standard cost function, as described below.

However, if a space feature is not identified by the feature identification means, a penalty is

applied by the graph generating means to the space node, since the space node was not

explicitly identified by the user (thereby increasing the cost of a path that passes through the

terminal node). This penalty is preferably a fixed cost.

In the case of a keyboard with no space bar (e.g. as shown in figs. 1 and 2), the graph

generating means may be configured to assign a small penalty, e.g. a low fixed cost, to the

space node, because the user is not able to explicitly identify a space between words. It some

embodiments, the penalty for a space node following a terminal node could be dropped

altogether. It may be advantageous to include a penalty for the space node, even though it is

not possible to explicitly input a space, because this may give more accurate predictions, for

example in the case where a user is more likely to input via a single gesture a single word or a

prefix for a single word (rather than multiple words or a phrase).

Thus, a space node that has a higher associated cost will result in a path through the terminal

node having a greater cost associated with it, which essentially amounts to increasing the cost

associated with the terminal node.



As discussed previously, the graph generating algorithm can be configured to insert a node

corresponding to a character where that character has not been identified as a feature, but is

present in the reference dictionary tree, e.g. the graph generating algorithm can insert a node

corresponding to a letter not identified by the feature identification algorithm . The graph

generating algorithm assigns a penalty, e.g. a fixed cost, to the inserted node, in the same way

that it assigns a penalty to a space node when that space was not identified as a feature.

Preferably, the penalty assigned to an inserted node will be dependent on the type of character

corresponding to that inserted node, e.g. the fixed cost assigned to a space node will be

different to the fixed cost assigned to a letter node, which may also be different to a fixed cost

assigned to a punctuation node other than a space node.

The determination of the costs of a path in the case where a character has been inserted

without a corresponding feature being identified will be discussed below.

Fig. 8 , shows how a space character is represented in the resulting graph. As stated previously,

each node in the graph is paired with its corresponding node in the reference dictionary prefix

tree. Nodes that follow a "space node" are paired with the root of the reference prefix tree, such

that, effectively, a new sub-tree of the reference prefix tree is generated at each of the nodes

(that follow the space character). This will mean that the algorithm can resume the prefix search

appropriately for a new word. It is also possible to add some meta-data to the space node, so

that contextual evidence can be used to prune the search continuing for the next word.

Restarting the search at every possible space causes a massive increase in search space size.

By using context information, it is possible to identify which words are likely to follow on from the

space node, given the word or sequence of words preceding that space node. The cost value

for a subsequent feature can be penalised if it represents a character for a word which is

unlikely to follow the space node given the context information, thus enabling the context

information to be used for pruning (since unlikely paths can be removed from the prefix tree).

Take an example in which a user enters the phrase "hi there" with a single stroke. The algorithm

will have walked as far as "h -> i" in the prefix tree and found that "i" is marked as a terminal

node. A node representing a space character is added to the tree with an associated probability.

The likely words to follow "hi" and their associated probability can be attached to the space

node and the cost function can be configured to take this into account when attaching

subsequent nodes to that space node. An example system and method which uses context

information to inform later predictions is disclosed in international patent application publication

number WO20 0/1 28 1 or international patent application no. PCT/GB201 1/001 419, the

contents of which are incorporated by reference in their entirety.



Therefore, an unlikely phrase (which is potentially valid for the same input pattern, such as "hi

threw") can be assigned a much higher cost. A pruning function will likely eliminate that path

early and reducing the paths in the prefix tree which need to be explored.

The graph construction algorithm outlined previously will consider any feature in the sequence

of features to have potentially been a valid starting point. That is, any of those features may be

considered an indication of what the first character of the first word should be. To reduce

computational complexity, it can be assumed that there is some degree of accuracy in the user

input and, in particular the start of the stroke.

As discussed in the preceding description, computational complexity can be greatly reduced if

candidate roots and "targets" can be identified. A candidate root represents a feature

corresponding to the first letter of the first word predicted for a given sequence of features, and

thus should correspond to the target of the keyboard the user intended to start the gesture on.

A target candidate represents a feature corresponding to the target at the end of the gesture,

i.e. the target (e.g. character key) the user intended to touch at the end of the gesture,

whereafter the user removes their finger from the screen.

Identification of target candidates is not used to limit the search space, but can be used for

updating the candidate predictions, as it gives a sensible set of leaves to use for cumulative

cost analysis. There are many more leaves in the prefix tree than there are 'valid ends' to the

sequence of features, where a 'valid end' is a feature identified as a target candidate. Thus, by

identifying target candidates it is possible to identify valid paths through the prefix tree and

reduce greatly the number of nodes to which a cumulative cost is assigned. For example, in fig.

6a, if the target candidate was identified as ( i .e. the end feature of the sequence of features is

), then the only valid path is "of" and the cumulative cost need only be assigned to the terminal

node 'f. In this instance, the system would predict "of" and not "dog" (or "cat" for the alternative

example discussed).

By identifying candidate targets and storing cumulative costs at these targets, predictions can

be made without the use of a path finding algorithm: Paths with valid end features are identified

and cumulative costs are assigned to the nodes that represent the valid end features, allowing

for determination of the most probable path by ordering the cumulative costs and identifying the

path(s) with the lowest cost. The predictor is required only to calculate the probabilities for the

least costly path(s) from the associated cumulative cost(s) and output the most likely paths as

predictions.



The determination of a candidate root and a target candidate is now described. Several

"reasonable" candidate roots are identified to play the role of the location co-ordinates, both x

and y for the location of the first sample of the stroke S , as it would be needlessly limiting to

restrict the search space to a single value for each, unless it is possible to do so with absolute

confidence. Likewise, several "reasonable" target candidates are identified.

The desired starting character for the first word in the sequence being entered is likely to be

close to the key centroid where the input began. To determine the root candidate, it can

therefore be assumed that there is a sample and consequently a feature within some constant

factor of the maximum key separation distance from the beginning of the input stroke. Likewise,

the desired end character for the last term in the sequence being entered is likely to be close to

the key centroid where the input finished and the user broke contact with the screen.

In a preferred embodiment, to identify a root candidate the method comprises determining a

"curve distance" attribute within the features, / . The curve distance is defined by the following

expression:

Here fn is the nth feature, for which s(fn) is the index of the closest sample, and | |s,-Sy.i| | is the

Euclidean distance between two adjacent samples. Thus the curve distance, / , of the nth feature

is the sum distance along the sequence of samples, up to that feature.

The implementation assumes a constant for the maximum separation distance between two

keys, k , as well as tuning parameters R and L for coefficients to be used in identifying root and

target candidates from the input sequence respectively.

The above function assumes a linear relationship between user error and key separation. More

sophisticated methods could be used, involving motion velocity, which can be calculated from

time stamps associated with each feature, or potentially pressure readings.

The graph generating algorithm that has been discussed models the possible routes with

respect to a prefix tree. This algorithm calls out to a cost function, which is how it attaches

weights to the graph to incorporate the physical topology of the input patterns. As stated above,

in addition to the graph generating algorithm calling out to a cost function, the graph generating

algorithm can assign penalties, i.e. fixed costs, to a node inserted into the graph, where the

character represented by that node has not been identified as a feature. Below, possible cost



function implementations, based on curve length, average distance between user stroke and a

reference stroke, stroke (trace) speed, and end-point detection are discussed.

One cost function implementation is based on trace curve length as illustrated in Fig. 9 . A

simple first-order model for a user's trace between two points starts with the assumption that:

the ideal trace between two points goes through both points, and is the shortest possible

distance

The error model is such that increased distance from either point yields a less likely curve, as

does a longer curve. It is obvious that the 'ideal user', in this scheme, will visit each character in

turn, in a straight line from the previous character.

One simple error model in this scheme is the following:

where S, is part of the stroke (a sequence of samples), f , and f i are features that delimit the

partial stroke, p is the distance error model, is the length error model, d , is the distance

between the target and the stroke, ||S,|| is the length of the partial stroke, and ||x,+r || is the

straight-line distance between the two targets. The meaning of each of the variables is

demonstrated in Figure 9 . Both distance and length error models may be Gaussian or

exponential distributions, where the maximal probability is at zero distance or length error as

appropriate. The equation above only includes a distance probability estimate for the first point,

because the end of the current trace will form the start of the next, so the distance at the end,

d , should be included in the estimate for the next pair of character targets.

Another way of encoding and evaluating the same assumption as the 'curve length' model (that

a user takes the shortest path between two points) is to measure the average distance between

the user's trace and a 'reference trace', as shown in Fig. 10 . In the case of the shortest path

assumption, the 'reference trace' is a straight line between the two keys. In this model, a

possible error model is

where A is the area enclosed by the trace and the straight path between the features, as shown

in Figure 0 . An exponential or Gaussian distribution are possible choices for pa. In this model,

the area and straight-line distance are simply being used to calculate the average distance of

the trace from the 'best path'. In the same way, the 'best path' could be any other sort of

idealized path, for example a Hermite spline through the target points, or a b-spline

approximation to the target points.



An alternative implementation for the cost function is based on trace speed. Most known

techniques for sub-trace modelling are based purely on topology; they do not take into account

the fact that the trace additionally contains timing information, which may be used to derive

'trace velocity'. A complete model for trace input would include the speed of the trace. A simple

model for trace speed might assume that:

the user's trace will have greatest speed between features, and lowest speed at features

The error model penalizes traces with low speed far from features. Such a model could

accumulate probability along the trace between the two features, as follows:

where s(a) is the (possibly smoothed) trace speed as a varies between the starting and finishing

curvilinear distance, and ps is low when the speed is low and the curvilinear distance between

the start and end of the sub-trace is high.

Another implementation of the cost function is based on end-point detection, as shown in Fig.

11. Curve direction can be determined trivially from the topology, and it is potentially a powerful

way to incorporate neighbouring points into the trace model. If the 'ideal' trace is a Hermite

spline going through the four points, the direction of the curve a x , is:

~
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the unit vector between the previous and next points. An error model using this might take the

following form:

P S i \fi, f i+1 = d d i t t i t i

where is the (possibly smoothed) direction vector of the curve at the start of the sub-trace. pt is

a probability distribution that gives high probability to vectors in similar directions, and low

probability to dissimilar directions. The various vectors and values involved are shown in Figure

11.

Another implementation of the cost function may be based on curve direction. In the same way

as average distance and speed errors can be summed up along the curve by integration, it is

possible to assume a model for curve direction, and evaluate direction error over the whole

curve and not just the end-points. A simple direction model could be of the form:

f
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which is just a continuous version of the end-point direction equation. A simple choice for the

reference direction, t(a), does not depend on a and is simply the direction between the previous

and next keys:

X X
t a = — -
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Alternatively, t(a) could be a linearly interpolated direction vector, between the direction vectors

at t j and t + previously. A choice for pt is made in the same way as the End-point direction

model.

The above described cost functions provide a cost for each feature node of a valid path through

a graph/prefix tree. In the case of an inserted node where the corresponding character has not

been identified as a feature, for example a space node, a letter node, a punctuation node, or a

node representing the repeated instance of a feature, the cost function implementation

precedes as described above to assign a cost to the feature nodes, where the inserted node is

ignored for the purposes of calculating the costs. In the case of determining a cumulative cost of

the path comprising an inserted node, this will be the cumulative cost of the feature nodes

calculated by the cost function and the cost assigned to the inserted node.

For example, where the identified features of the path ("cat") were "c, t", the cost function will

provide a cost for the feature nodes "c, t", as if the inserted a-node did not exist. The cumulative

path cost will then include the penalty for inserting the a-node.

For a node inserted to represent a repeated feature, the cost assigned to that node is as

described above (cost = s(f) * c(f , f))-

Thus, as discussed in the above, the present method and system provides a means of

predicting words or phrases on the basis of a single continuous gesture which may represent a

prefix for a word, a word or a phrase. The system and method achieves a flexibility in user input

(e.g. not being limited to the gesture representing a single complete word, the gesture explicitly

indicating word boundaries, or the user being required to accurately spell or type the intended

word(s)) and text prediction by sampling (location, and optionally pressure, at a plurality of

times) the gesture, as it is being performed on a gesture-sensitive keyboard.

As described above, to generate the word or phrase predictions from the samples, the samples

are converted to features, the features are used to generate a prefix tree of terms or a graph

representing a prefix tree of terms, and valid paths are identified through the prefix tree or

graph, the valid paths representing prediction candidates. Cost functions are provided, which



enable probability estimates to be associated with the paths (where the probability estimate can

be device from the cost using P(C) = e ) .

The words represented by the most probable paths can be returned to a user as a set of word

or phrase predictions, for example by displaying on a display panel of a user interface. In one

embodiment, only the most probable word or phrase is displayed to the user. Alternatively, the

predictions and associated probability estimates can be passed to another system which may

use them as an evidence source for a predictor which makes predictions on the basis of multiple

evidence sources.

An example use of a touchscreen device in accordance with the present invention is provided

below. As will be apparent from the preceding description, the system comprises a gesture-

sensitive keyboard comprising a plurality of targets (e.g. points or lines) which is configured to

receive a single continuous gesture as input from a user and a sampling means for sampling at

a plurality of times the location of the gesture on the gesture-sensitive keyboard as the gesture

is performed. Furthermore, the system includes a feature identification means configured to

generate one or more features from the plurality of samples, a prefix tree generating means

configured to generate a prefix tree of terms which includes the one or more features, and a

path finding means configured to find one or more paths through the prefix tree of terms which

are valid given the one or more features.

A system 10 in accordance with the present invention is illustrated in Fig. 12. The system 0

comprises a sampling means 1 configured to take samples 1 of the touch location at a plurality

of times as the gesture is being performed. The samples 1 are passed to the feature

identification means 2 . The feature identification means 2 is configured to identify features from

the samples 11, as described above in relation to the method.

The features 12 are passed to a graph/prefix tree of terms generating means 3 which is

configured to construct a graph/prefix tree of terms 13 using the features 12. The graph/prefix

tree of terms generating means 3 is configured to use a reference dictionary prefix tree 3c to

generate a dynamic graph/sub-prefix tree of terms 13 which comprises paths of the reference

dictionary prefix tree 3c which are valid given the features 12 that have been identified. The

graph/prefix tree of terms generating means 3 comprises a cost function 3a which is configured

to assign costs to the nodes in the graph/prefix tree of terms 13 . In the embodiment where the

system comprises a path finding algorithm, the cost function 3a assigns costs to each node in

the graph/prefix tree of terms 13 . However, in the alternative embodiment in which the system is

configured to identify target nodes (as described above), the cost function 3a is configured to

assign a cumulative cost to the target nodes.



The graph/prefix tree of terms generating means 3 preferably comprises a pruning means 3b.

The pruning means 3b is configured to remove paths from the graph/prefix tree of terms 3

which have a low probability. Preferably, the pruning means 3b removes paths for which the

ratio of the probability of a given path over the probability of the most probable path is below a

threshold value. The graph/prefix tree of terms with associated costs (and optionally pruning) 13

is passed to a path finding means 4 .

The path finding means 4 is configured to identify one or more of the least costly (and thus most

probable) paths 14 through the graph/prefix tree of terms 13 . The path finding means finds the

one or more paths 14 by identifying the path(s) with the lowest cumulative cost at target nodes,

e.g. by ordering the paths by their cumulative costs and returning the one more paths with the

lowest cost(s), or by finding the least costly paths through the graph/prefix tree of terms 13 by

using a path finding algorithm. The paths 14 are passed to a predictor 5 which generates

predictions 5 on the basis of the paths 4 . The predictions 15 comprise one or more words or

phrases with associated probability estimates, where the word or phrases are formed from the

features 12 which are represented by the nodes of the paths 14 and the probability estimates

are determined from the cost associated with that path, as described above.

As described above, the predictions 5 represented by the most probable paths can be returned

to a user as a set of word or phrase predictions, for example by displaying on a display panel of

a user interface. In one embodiment, only the most probable word or phrase is displayed to the

user. Alternatively, the predictions and associated probability estimates 15 can be passed to

another system which may use them as an evidence source for a second predictor which makes

further predictions on the basis of multiple evidence sources.

Example use of the system of the present invention

The system 10 requires a description of the keyboard layout being used in order to convert the

raw input samples to the feature stream 12. For the examples that follow, the following

configuration is used:

Key X Y

a 24.0 120.0

b 264.0 200.0

c 168.0 200.0



An example use of the system 0 for a user intending to enter a prefix for a word and for a user

intending to enter multiple words is described below in order to demonstrate the flexibility of the

method and system for generating predictions from gesture input.

Prefix Matching

The system 0 is required to output the desired first one or more letters making up the prefix

with sufficiently high probability, to enable a wider prediction system to use context and other



sources to produce more accurate full word predictions from it. Alternatively, the system 0 can

output a prediction 15 for display to a user on the basis of the identified prefix, by displaying the

most probable word(s) that the prefix represents, without passing the prefix to a larger system.

As stated previously, the sampling means 1 of a system 10 samples the gesture as it is being

performed to generate a sequence of samples 11, where the data in each sample consists of

the position vector, a pressure reading and a time value.

In the example, as shown in Fig. 13 , the user has begun to enter the word "type" by moving

their finger across the target "keys" of the keyboard, but the system 10 has only sampled a few

samples 11 so far. The data below was taken from a device in which the sampling means 1

samples at ~60Hz and time is measured in milliseconds.

The feature identification 2 means of the system 10 first converts the sample sequence 11 to a

sequence of features 12, e.g. by using a feature identification algorithm as described above. In

the preferred embodiment, the tuning parameters (the threshold distance and the hysteresis) for

retaining features are a function of the minimum separation distance between keys. In the

layout provided above, the minimum separation is 48 pixels. The following parameters are

therefore used:

h = 0.5 * 48 = 24

ft = 1.5 * 48 = 72

Where h is used as hysterisis and as the distance threshold. The feature identification

algorithm yields a set of features for the input samples 11 as follows.



X y Features Identified, {c, x, y, s, t

218 .14 40.04 None - no previous values

{ , 218 , 40, 2 .14 , 0},
218.52 40.93

{"r", 2 18 , 40, 50.1 4 , 0}

218.52 40.93 None

218.53 40.93 None

220.92 50. 12 None

222.69 55.78 {"y", 221 , 53, 44. 14 , 13.6}

224.83 62.08 None

227. 11 70.64 None

{"h", 229, 83, 50.31 , 45.3},
229.00 83.86

g", 229, 83, 38.41 , 45.3}

The features 12 above consist of a target character, c , the coordinates x and y, a separation

distance s and a time value, t . It can be seen that for the eight raw samples 11 provided in this

example, a sequence of five features 12 is generated.

The next step is to feed the sequence of features 12 to the graph generating algorithm 3 to

construct a graph 13 representing the possible combinations of features from the sequence of

features 12. The possible combinations are cross-referenced with a prefix tree 3c representing

the language dictionary being used. For this example, we will assume an English dictionary,

thus a graph 13 is created containing valid prefixes of English words only, as shown in Fig. 3 .

A cost function 3a of the graph generating means 3 can be configured to assign a cost to the

nodes of the graph 13 which represent the features 12 . To generate costs associated with the

various combinations, a distance based cost function is used for this example. The distance-

based cost function requires some parameters for the decay of the Gaussian and exponential

functions it uses to assign a cost to the difference in curve length and distance. In the above

example, it is assumed that these parameters are again a function of the key separation:

δ = 0.7 * 42.0 = 29.4

1 = 0.4 * 42 = 16.8

Where δ is the decay parameter for the feature's distance from the key centroid, d , and λ is the

decay parameter for the difference in curve length between features versus the ideal shortest

length, / . Thus, the cost values in Figure 13 are calculated:



d 2 I

A path finding means 4 is configured to identify one or more paths with the lowest cumulative

cost, by using a path finding algorithm or by ordering cumulative costs (in the embodiment

where cumulative costs are stored at target nodes). A predictor 5 is configured to determine one

or more probability estimates associated with the one or more paths 14 (from their cost

functions) to provide one or more predictions 15 , each of which comprises a prefix or

word/phrase with an associated probability estimate.

The cumulative costs and probability estimates for the above example are shown below. In this

example, the path finding means would have identified "ty" the least costly path. The

predictor 5 of the system 10 is configured to determine a probability estimate for each path,

where p(C) = e . The predictor 5 can be configured to output the one or more most probable

prefixes as predictions 5 .

This information can then be used alongside other evidence sources to produce a full-word

prediction. Alternatively, this information can be used alone to predict the word that the user

intended to enter via the gesture by returning the most probable full word given the prefix, e.g.

in this example the most probable word with the prefix 'ty', or this information may also be used

alongside a mechanism for improving predictions based upon a user's response to those

predictions, as may be found in many known devices utilising touch-sensitive keyboards.

Multiple Word Matching

In this example, a user is trying to enter a phrase consisting of two words: "a wet" into a system

10 , as shown in Fig. 14. The first stages of the process are exactly the same as for the prefix

match example.

Figure 14 shows the input stroke pattern and the table below is the raw data recorded for this

stroke. This example stroke produces the following input stream samples 1 , generated by the

input sampling means 1.



X y P f

17.8 120 0.4 0

19.7 118.4 0.4 74

20.6 117.6 0.4 88

24.9 109.8 0.4 103

35.2 95.7 0.6 118

4 1.3 86.3 0.6 132

47.4 78.5 0.6 147

48.8 75.4 0.6 162

50.7 69.9 0.6 177

52.6 65.2 0.6 192

53 63.7 0.6 207

53.5 62. 1 0.6 221

54 59.8 0.6 236

54.9 55.8 0.6 251

57.7 46.5 0.6 266

62.9 30.8 0.6 281

64.3 29.3 0.6 297

64.8 28.5 0.6 3 10

65.2 27.7 0.6 340

65.7 27.7 0.6 355

66.2 27.7 0.6 385

66.2 28.5 0.7 400

66.6 28.5 0.7 429

67. 1 28.5 0.7 444

69.4 30 0.7 459

78.4 33.2 0.7 474

100.4 36.3 0.7 489



116.4 37.9 0.7 503

132.3 39.4 0.7 5 18

149.7 38.6 0.7 533

167 39.4 0.7 549

180.6 39.4 0.7 564

192.8 39.4 0.7 578

201 .3 39.4 0.7 593

203.6 39.4 0.7 608

206 38.6 0.7 623

206.9 38.6 0.7 638

207.4 38.6 0.7 653

207.9 37.9 0.7 668

208.3 37.9 0.7 682

208.8 37. 1 0.7 697

209.7 36.3 0.7 7 12

2 10.2 36.3 0.7 728

2 11.6 36.3 0.7 742

2 13.5 36.3 0.7 757

2 15.8 36.3 0.5 772

222.4 38.6 0.3 787

The feature identification means 2 converts raw samples 11 into features 12, for example using

a feature identification algorithm, to provide the following:

Target X y Separation Curve

Character Distance

A 20.6 117.6 4.2 3.7

S 35.2 95.7 44. 1 30. 1

Q 56.7 49.8 34. 1 8 1.4

W 74.9 3 1 .9 8.6 116.5



E 120.2 38.3 1.8 162.4

R 168.0 39.4 0.6 210.3

T 2 17 .1 36.8 3.4 260.7

Y 222.4 38.6 4 1.6 226.3

As before, a graph 13 is constructed from the features 12 by a graph generating means 3 (e.g.

a graph generating algorithm). The graph generated by a graph generating means 3 in the

present example is illustrated in Fig. 15 . The fact that "a" is a word by itself and is therefore a

terminal node on the prefix tree will cause the graph generating algorithm to add a space node

to the graph with an appropriate cost (i.e. a penalty), as explained above with reference to Fig.

8 .

Figure 15 illustrates where the construction algorithm inserts the space node in the graph. At

that point, the search in the prefix tree resets, as explained previously, and any valid word from

the root could be constructed from the remaining feature sequence. With this structure in place,

the process for producing predictions is exactly the same as previously demonstrated. Thus, a

path finding means 4 is configured to identify the least costly paths 14 through the graph 13 and

a predictor 5 is configured to calculate a probability estimate for these paths 14 and to output

one or more predictions 1 . The leaves at the end of the graph represent the whole character

sequence from the root, which now includes at least one space. Thus, as demonstrated,

phrases comprising multiple words and space characters can be predicted by the present

system and method.

As described previously, one or more nodes could have been inserted into the graph, had they

been present in the reference dictionary prefix tree but not identified as a feature by the feature

identification algorithm.

Furthermore, as explained previously, in the case where the user explicitly identifies word

boundaries via the input gesture, e.g. by gesturing across or close to a space bar, the feature

identification means identifies a feature associated with that term boundary, and the graph

construction algorithm can be configured to assign a cost to the space node based on the cost

function implementations discussed above.

As demonstrated by way of the examples, the present invention provides a means of generating

prefix, word and phrase predictions from a single continuous gesture across a gesture-sensitive

keyboard. Thus, the present method and system of generating text predictions and probabilities

offers a significant advancement over known systems and methods. As will be understood from



the preceding description, the present method and system allows subsequent information to

influence earlier corrections. This is especially true when predicting a phrase where the second

word entered can be used to help infer the first word. The system and method therefore

provides increased accuracy of word and phrase predictions over the known systems and

devices which merely match a gesture (to indicate a complete single word) to a word in a

dictionary.

It will be appreciated that this description is by way of example only; alterations and

modifications may be made to the described embodiment without departing from the scope of

the invention as defined in the claims.



CLAIMS

1. A method for predicting one or more terms from a single continuous gesture across a

gesture-sensitive keyboard comprising:

sampling at a plurality of times the location of the gesture on the gesture-sensitive

keyboard as the gesture is performed; and

predicting one or more terms from the plurality of samples by:

generating one or more features from the plurality of samples, wherein each of the

one or more features relates to a target on the gesture-sensitive keyboard that a user may have

intended to input when performing the gesture;

generating a prefix tree of terms which includes the one or more features;

finding one or more paths through the prefix tree of terms given the one or more

features.

2 . The method of claim 1, wherein the prefix tree of terms is represented by a graph, and

including generating the graph using graph theory.

3. The method of claim 1 or 2, wherein generating one or more features from the plurality

of samples comprises identifying a location of the gesture on the gesture-sensitive keyboard

where the user may have intended to pass through a target of the gesture-sensitive keyboard.

4 . The method of claim 3, wherein the location of the feature is the location of the gesture

where the gesture passes closest to the target.

5 . The method of any preceding claim, wherein the target is a point target or a line target.

6 . The method of any preceding claim, wherein a feature is identified for each target on the

gesture-sensitive keyboard.

7 . The method of claim 6, wherein a feature is only retained if the minimum distance

between the feature and the target is below a threshold distance.

8 . The method of any preceding claim, wherein each feature comprises a distance metric

which corresponds to the minimum distance between the gesture and the target.



9 . The method of any preceding claim, wherein the prefix tree of terms is generated by

retaining the terms of a dictionary prefix tree which are allowed given the one or more features.

10. The method according to claim 9, wherein a term of the dictionary prefix tree may be

retained even if a feature does not correspond to that term.

11. The method of any preceding claim, wherein the targets of the gesture-sensitive keyboard

may correspond to the letters of the alphabet, and optionally word boundary delimiters, such as a

space, and/or punctuation symbols.

12. The method of claim 1 1 when dependent on claim 8, wherein the prefix tree of terms

comprises one or more nodes representing the last letter of a completed word, wherein

generating the prefix tree of terms further comprises inserting a node corresponding to a space

character into the prefix tree where there is a node corresponding to the last letter in a word.

13. The method of claim 12, wherein the probability associated with the node corresponding

to the space character is reduced if a feature associated with that space character has not been

identified.

14. The method of claim 12 or 13, wherein generating the prefix tree of terms further

comprises generating at the node corresponding to the space character, a new prefix tree of terms

generated by retaining the terms of a dictionary prefix tree which are allowed given the

remaining features in a sequence of one or more features.

15. The method of any preceding claim, further comprising pruning the prefix tree of terms

to remove all paths through the prefix tree of terms for which the ratio of the probability of a

given path over the probability of the most likely path is below a predetermined threshold.

16. The method of claim 14 or claim 15 when dependent on 14, wherein the node

representing a space character comprises meta-data to prune the new prefix tree of terms on the

basis of context data.

17. The method of claim 11 when dependent on claim 9 or 10, wherein generating the prefix

tree of terms further comprises allowing a given feature to represent a repeated instance of the

character it relates to, by retaining the terms of a dictionary prefix tree which include character



repetition if there is a valid path given the one or more features through the prefix tree for this

repeated character.

18. The method of any preceding claim, wherein finding one or more paths through the

prefix tree of terms comprises using a path-finding algorithm.

19. The method of claim 18 when dependent on claim 8, wherein the path-fmding algorithm

uses the distance metrics to generate a probability estimate associated with each path through the

prefix tree of terms.

20. The method of claims 18 or 19, wherein the path-finding algorithm is configured to

return as the one or more terms, terms for which the corresponding route has a probability

estimate above a threshold value.

21. The method of any one of claims 1 to 17, wherein finding one or more paths through the

prefix tree of terms comprises:

identifying one or more features which correspond to the end location of the gesture: and

assigning an indication of the cumulative probability for a given path to any node

representing the one or more features that correspond to the location of the end of the gesture,

only if that node corresponds to a leaf of the prefix tree of terms.

22. The method of claim 21, wherein the one or more paths are identified by ordering the

cumulative probabilities and returning the path(s) for which the cumulative probability is above a

threshold value, wherein the returned one or more paths correspond to the one or more terms.

23. The method of any preceding claims, wherein the one or more terms is predicted on the

basis of all the currently available samples.

24. The method of claim 23, wherein the method comprises periodically updating the

prediction of the one or more terms as the single continuous stroke is being performed and more

samples are generated.

25. The method of any preceding claim, wherein predicting the one or more terms comprises

predicting one or more words.



26. The method of claim 25, wherein, the one or more words are predicted on the basis of a

single continuous gesture which corresponds to the user gesturing over one or more characters

on a gesture-sensitive keyboard intended to indicate the prefix for that word.

27. The method of claim 25, wherein predicting the one or more words comprises predicting

a phrase comprising a sequence of two or more words on the basis of a single continuous gesture

which corresponds to the user gesturing over characters for multiple words on a gesture-sensitive

keyboard.

28. The method of claim 26 or 27, wherein the method comprises using context information

to tailor the prediction of one or more terms.

29. The method of any preceding claim, wherein sampling is performed at a predetermined

frequency

30. The method of claim 29, wherein the sampling frequency is about 60 Hz.

31. The method of any preceding claim, wherein the prediction of the one or more terms is

based on the topography of the gesture-sensitive keyboard in combination with gesture velocity

and/or gesture curve direction.

32. The method of claim 31, wherein the probability of a path through the prefix tree is

dependent on the topography of the gesture between two features and the targets of the keyboard

associated with those two features.

33. The method of claim 32, wherein the probability of the path is based on a monotonically

decreasing function of the difference between a straight-line distance between the two targets

and the curved length of the gesture between the two targets.

34. The method of claim 32, wherein the probability of the path is based on a monotonically

decreasing function of the difference between the direction of a straight-line between the two

targets and the gesture direction at each point between the two targets.

35. The method of any preceding claim, wherein the gesture is a stroke and the gesture-

sensitive keyboard is a touch-sensitive keyboard.



36. The method of claim 35, wherein the method comprises detecting pressure from a user

stroking the keyboard to form the single continuous stroke and the step of sampling comprises

sampling the location at which pressure is present.

37. The method of claim 36, wherein the sampling comprises detecting a pressure value and

a location at a given time.

38. A computer program product comprising a computer readable medium having stored

thereon computer program means for causing a processor to carry out the method of any of

claims 1-37.

39. A system comprising:

a feature identification means configured to generate one or more features from a

plurality of samples, wherein each of the plurality of samples is sampled at a different time and

corresponds to a location of a single continuous gesture on a gesture-sensitive keyboard as the

gesture is being performed and, wherein each of the one or more features relates to one of a

plurality of targets of the gesture sensitive keyboard that a user may have intended to input when

performing the gesture; and

a prediction means configured to predict one or more terms from the one or more

features, the prediction means comprising:

a prefix tree generating means configured to generate a prefix tree of terms which

includes the one or more features;

a path finding means configured to find one or more paths through the prefix tree

of terms given the one or more features; and

a predictor.

40. The system of claim 39, further comprising a gesture-sensitive keyboard comprising a

plurality of targets and configured to receive a single continuous gesture as input.

41. The system of claim 39 or 40, further comprising a sampling means for sampling at a

plurality of times the location of the gesture on the gesture-sensitive keyboard as the gesture is

performed.



42. The system of any one of claim 39-41, wherein the prefix tree generating means is

configured to generate a graph by graph theory, wherein the graph represents the prefix tree of

terms.

43. The system of any one of claim 39-42, wherein the feature identification means is

configured to generate one or more features from the plurality of samples by identifying a

location of the gesture on the gesture-sensitive keyboard where the user may have intended to

pass through a target of the gesture-sensitive keyboard.

44. The system of claim 43, wherein the location of the feature is the location of the gesture

where the gesture passes closest to the target.

45. The system of any one of claims 39-44, wherein the target is a point target or a line

target.

46. The system of claim 43 or 44 wherein the feature identification means is configured to

identify a feature for each of the plurality of targets.

47. The system of claim 46, wherein the feature identification means is configured to retain a

feature only if the minimum distance between the feature and the target is below a threshold

distance.

48. The system of any one of claims 39-47, wherein each feature comprises a distance metric

which corresponds to the minimum distance between the gesture and the target.

49. The system of any one of claims 39-48, wherein the prefix tree generating means is

configured to generate the prefix tree of terms by retaining the terms of a dictionary prefix tree

which are allowed given the one or more features.

50. The system according to claim 49, wherein a term of the dictionary prefix tree may be

retained even if a feature does not correspond to that term.

51. The system of any preceding claim, wherein the plurality of targets correspond to the

letters of the alphabet, and optionally word boundary delimiters, such a space bar, and/or

punctuation symbols.



52. The system of claim 5 1 when dependent on claim 49 or 50, wherein the prefix tree of

terms comprises one or more nodes representing the last letter of a completed word, wherein the

prefix tree generating means is configured to insert a node corresponding to a space character

into the prefix tree where there is a node corresponding to the last letter in a word

53. The system of claim 52, wherein the prefix tree generating means is configured to reduce

the probability associated with the node corresponding to the space character, if the feature

identification means has not identified a feature associated with that space character.

54. The system of claim 53, wherein the prefix tree generating means is configured to

generate at the node corresponding to the space character, a new prefix tree of terms generated

by retaining the terms of a dictionary prefix tree which are allowed given the remaining features

in a sequence of one or more features.

55. The system of any one of claims 39 to 51, wherein the prefix tree generating means is

configured to prune the prefix tree of terms to remove all paths through the graph for which the

probability of the path is below a predetermined threshold.

56. The system of claim 54 or claim 55 when dependent on 54, wherein the prefix tree

generating means is configured to associate meta-data with the node representing a space

character to prune the new prefix tree of terms on the basis of context data.

57. The system of claim 5 1 when dependent on claim 49 or 50, wherein the prefix tree

generating means is configured to allow a given feature to represent a repeated instance of the

character is relates to, by retaining the terms of a dictionary prefix tree which include character

repetition if there is a valid path given the one or more features through the prefix tree for this

repeated character.

58. The system of any one of claims39 to 57, wherein the path finding means is a path-

finding algorithm.

59. The system of claim 58 when dependent on claim 48, wherein the path-finding algorithm

is configured to use the distance metrics to generate a probability estimate associated with each

path through the prefix tree of terms.



60. The system of claims 58 or 59, wherein the path-finding algorithm is configured to return

as the one or more terms, terms for which the corresponding route has a probability estimate

above a threshold value.

61. The system of any one of claims 39 to 57, wherein the feature identification means is

configured to determine one or more features which correspond to the end location of the

gesture, and the prefix tree generating means is configured to assign an indication of the

cumulative probability for a given path to any node representing the one or more features that

correspond to the location of the end of the gesture, only if that node corresponds to a leaf of the

prefix tree of terms.

62. The system of claim 61, wherein the path finding means is configured to order the

cumulative probabilities and to return as the one or more terms, terms for which the

corresponding route has a cumulative probability estimate above a threshold value.

63. The system of any one of claims 39 to 62, wherein the predictor is configured to predict

the one or more terms on the basis of all the currently available samples.

64. The system of claim 63, wherein the predictor is configured to periodically update the

prediction for the one or more terms as the single continuous stroke is being performed and the

sampling means generates more samples.

65. The system of any one of claims 39 to 64, wherein the predictor is configured to predict

one or more words.

66. The system of claim 65, wherein the predictor is configured to predict the one or more

words on the basis of a single continuous gesture which corresponds to the user gesturing over

one or more characters on a gesture-sensitive keyboard intended to indicate the prefix for that

word.

67. The system of claim 66, wherein the predictor is configured to predict a phrase

comprising a sequence of two or more words on the basis of a single continuous gesture which

corresponds to the user gesturing over characters for multiple words on a gesture-sensitive

keyboard.



68. The system of claim 66 or 67, wherein the predictor is configured to use context

information to tailor the prediction of one or more terms.

69. The system of any one of claim 39 to 68, wherein the sampling means is configured to

sample at a predetermined frequency

70. The system of claim 69, wherein the sampling means samples at a frequency of about 60

Hz

71. The system of any one of claims 39 to 70, wherein the predictor is configured to predict

the one or more terms on the basis of the topography of the gesture-sensitive keyboard in

combination with gesture velocity and/or gesture curve direction.

72. The system of claim 71, wherein the predictor is configured to predict a path through the

prefix tree dependent on the topography of the gesture between two features and the targets of

the keyboard associated with those two features.

73. The system of claim 72, wherein the probability of the path is based on a monotonically

decreasing function of the difference between a straight-line distance between the two targets

and the curved length of the gesture between the two targets.

74. The system of claim 73, wherein the probability of the path is based on a monotonically

decreasing function of the difference between the direction of a straight-line between the two

targets and the gesture direction at each point between the two targets.

75. The system of any one of claims 39 to 71, wherein the gesture-sensitive keyboard is a

touch-sensitive keyboard and the single continuous gesture is a stroke across the touch-sensitive

keyboard.

76. The system of claim 75, wherein the touch-sensitive keyboard is configured to detect

pressure from a user stroking the touch-sensitive keyboard and the sampling means is configured

to sample the location of the stroke at which pressure is present.



77. The method of claim 76, wherein the sampling means is configured to detect a pressure

value and a location at a given time.

784. A system substantially as hereinbefore described with reference to and as shown in the

accompanying drawings.

79. A method substantially as hereinbefore described with reference to and as shown in the

accompanying drawings.
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