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& (57) Abstract: The invention provides a character input method (CIM) for ideographic languages to input textual data on the basis
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that essential stroke’s position relative to other strokes within the layout of a particular character or character-root. The keyboard
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Relative Stroke Ideographic Character Input Keyboard

FIELD OF THE INVENTION

The present invention generally relates to a system and method for the input of
ideographic characters, such as the characters used in Chinese, Korean and Japanese
languages. More particularly, the present invention relates to a relative stroke input
method, and keyboard, for electronic processing of strokes to produce characters in a

language based on characters formed from strokes.

BACKGROUND OF THE INVENTION

Modern computers typically provide a keyboard as an input tool to users.
Keyboards are commonly designed around a Roman alphabet. The origins of the
keyboard lie in typewriters which grew to prominence in countries that used Romance
languages and a script derived from Latin. Other keyboards are available for alternate
languages such as Greek and Cyrilic languages that have different scripts. These
keyboards all share a common structure in that they are designed for the input of
characters in languages where each word is created from a fixed set of characters. Thus,
from a fixed character set, these keyboards permit the entry of both any word in the
Ianguage and any word that can be added to the language.

However, there exist languages that do not reply upon phonetic characters to
create words, and instead have their script formed by a set of ideographic characters.
Many languages of this type exist in Asia, and include various Chinese languages and |
dialects, Korean and Japanese. Due to the nature of ideographic languages, it is difficult
to use the standard computer keyboard to input characters directly. To overcome the
inherent problems associated with ideographic character input a number of solutions
have been developed to allow ideographic input.

These approaches can be grouped into five input methodologies. The first input
methodology uses the Roman letters to phonetically spell words in a language, and upon
indicating the end of a word a software routine replaces the phonetic spelling with an
ideographic character. The second input methodology is based on the creation of
ideographic characters from component roots, with each component root assigned a key
or key combination. The third methodology is based on the creation of characters from
the component strokes used to build a character. The fourth methodology is based on

assigning specific codes to characters based on other characteristics, much as telegraph
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codes are assigned for different ideographic characters. A fifth methodology is used to
group the input methods designed as hybrids of the previously described methods.

The first methodology, the input methods based on pronunciation, is a commonly
applied technique. Each ideographic character is transliterated by the typist into a string
of Latin characters and then entered. This methodology provides a simple method for
typists that understand how different letters in the Roman script are pronounced, but also
relies upon a wide variety of typists to use a standard pronunciation for words. As is well
understood by linguists, for a variety of reasons the populations of different geographic
regions develop different pronunciations for the same character. As a result, people in
different regions will prefer different strings of Roman characters to represent the same
ideographic character. To compensate for this a strict pronunciation guide can be
enforced to a single pronunciation, but this disadvantages different regions, as they are
no longer entering characters using what they think of as a native pronunciation.
Additionally, many characters are pronounced in identical or sufficiently similar manners
to each other so that a plurality of characters are represented by identical strings of
Roman characters. To compensate for this problem, upon the completion of a string of
Roman characters, the typist is typically presented with a list of the possible characters to
choose from. While this allows the resolution of homonyms to characters, it interrupts a
keyboard driven process and slows down the typist. The heart of these problems is the
mapping of ideographic characters to letters used in a script based on a different
character organisation method. Those skilled in linguistics will readily appreciate that an
additional problems is that there are phonemes in on language that cannot be properly
represenied using letters from another language. These phonemes create difficulty for
transliteration based input. One skilled in the art will also appreciate that the discord
between writing ideographic characters of one language using a text entry method based
on the pronunciation of the ideographic characters using the letters of a different
language creates a disconnect that results in an information gap between the character
graphics and the keyboard typing. Despite the fact that this character input methodology
is among the most popular input method, largely due to the simplicity of implementation, it
presents several drawbacks and is inaccessible to those without strong language skills.

The second methodology, the one based on character roots, relies upon the fact
that most ideographic languages build characters using other characters as roots.
Complex or compound characters are usually composed of a collection of simpler

character-roots. Each of these character+oots.can be devolved into component strokes.
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One example of such character roots is the set of radicals that typically appear on the left
side or atop complex Chinese characters. Using these character roots, which are often
characters themselves, many text entry methods have been designed. Skilled users have
been able to become very efficient in text entry, but as a result of the large set of
character roots, it is difficult for non-experts to learn and use these methods effectively.
As a result, only a small number of typists can use these methods skilfully, and then only
after considerable training and practice.

The third methodology builds characters from constituent strokes. In the actual
writing of ideographic characters, a set.of strokes is used to form the character. The set of -
strokes is both finite, and relatively compact when allowance for slight variances is made.
Thus, to enter a character, the strokes used to create the character are entered based on
a predefined structure. This is an analog of how the characters are written. However,
input methods in this grouping have been consistently viewed as inefficient, as it is
difficult to become'proficient at the entry of text due to the complex relationship between
the strokes. Due to the inter-relationship of the strokes used in characters, it is dfficult to
arrange a mapping of strokes to keys that allows for rapid and convenient text entry. As a
result of the historical awkwardness of this input methodology it is commonly viewed as
an inefficient means for character entry.

The fourth methodology is based on the assignment of special codes to different
characters. This methodology has grown from the assignment of telegram codes to
characters, or the development of codes that are based on the shape used at each corner
of the character. This methodology is oVerIy complex and has not been adopted outside
of very small niche markets.

The fifth methodology is a hybridization of previous methodologies. One such
hybrid combines the features of pronunciation and character roots to provide a mixed
method of character entry.

Evaluation of the efficacy of character input methods can be based on the
following three criteria: ease in learning; convenience; and efficiency in use. In introducing
an input method to a new typist, the methods that are easiest to learn are most
appreciated, while for experienced typists, the efficiency of text entry is valued. For non-
professional users the convenience of character input is paramount, as it is possible to
learn moderately difficult systems, but systems that are not easy to use tend to be

rejected despite their efficiency. Current character input methods all fall short in one or
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more of these criteria, and thus effective character/text input is still a major problem for
ideographic languages.

There is, therefore, a need for a new method for inputting ideographic characters
using standard keyboards that presents a simple and efficient character input method.

SUMMARY OF THE INVENTION

It is an object of the present invention to obviate or mitigate at least one
disadvantage of previous ideographic character input methods. It is a further object of the
present invention to provide a method and system for stroke based character input that
utilises multiple placements of a single stroke to improve the convenience and efficiency
of the character input.

In a firét aspect, the present invention provides a keyboard, for the entry of
ideographic characters based on component strokes. The keyboard comprises a plurality
of stroke keys and a non-stroke key. Each of the plurality of stroke keys represents a
component stroke, at least two of the plurality of stroke keys representing the same
component stroke, each key provides a signal representative of the stroke associated
with the key. The non-stroke key, or optionally a plurality of non-stroke keys, provides a
signal representative of the end of the entry of a character.

In an embodiment of the first aspect of the present invention, the plurality of stroke
keys includes two sets of two stroke keys, keys of the first of the two sets representing a
first component stroke, and the keys of second of the two sets representing a second
component stroke. In another embodiment of the present invention, the keyboard is
arranged to form two contiguous regions, horizontally adjacent to each other, the regions
being a right and left sided region. Preferably wherein the keys of the first and second set
are positioned so that one of the keys of each set is in the right sided region, and the
other key of each set is in the left sided region.

In another embodiment of the present invention, the ideographic characters are
Chinese characters, and the at least two of the plurality of stroke keys representing the
same component stroke represent a stroke selected from a list including stroke PIE,
strol‘<e dPIE, stroke NA and stroke dNA. In a further embodiment of the present invention,
the keyboard has tﬁe layout of a QWERTY keyboard and one of the at least two of the
plurality of stroke keys representing the same component stroke resides in the row above
the home row, and preferably the other of the at least two stroke keys representing the

same component stroke resides in the row below the home row.
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In a further embodiment of the present invention, the keyboard includes a stroke
interpreter, operatively connected to the plurality of stroke keys and to the non-stroke key.
The stroke interpreter receives and buffers the provided signals, and selects an
ideographic character from a database based on the buffered signals representative of
strokes when a signal representative of the end of the entry of a character is received.
The stroke interpreter preferably includes means for both narrowing the number of
characters for selection with each stroke; and selecting a character from the narrowed
number of characters on the basis of a signal representative of one of the plurality of non-
stroke keys. Additionally, the keyboard preferably includes a conflict resolution module,
operatively connected to the database and the stroke interpreter. The conflict resolution
module selects ideographic characters from the database when the buffered signals are
not uniquely associated with one character, the selection based on a signal
representative of one of plurality of non-stroke keys received in response to a
presentation of the characters in the database associated with the buffered signals.

In another embodiment, the database contains a plurality of characters indexed

~according to the component ‘stroke values in a sequence associated with each of the

plurality of characters.
+ Other aspects and features of the present invention will become apparent to those \"

6rdinari|y skilled in the art upon review of the following description of specific

embodiments of the invention in conjunction with the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention will now be described, by way of example
only, with reference to the attached Figures, wherein:

Fig. 1A, Fig. 1B and Fig. 1C provide tables showing 34 common strokes,
stroke titles for identification, sample characters containing the strokes, and a
stroke classification system;

Fig. 2 is a table showing a collection of stroke pairs with common graphic
origin but different representations;

Fig. 3 is a table of four exemplafy primary strokes, their point versions, and
stroke titles;

Fig. 4 is a table .of two exemplary essential strokes, their point versions,
and stroke titles;

Fig. 5 illustrates a keyboard of the prior art
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. Fig. 6 is a schematic diagram showing partitioned sections of standard
QWERTY keyboard positions;

Fig. 7 illustrates the numeric keypad of a hand-held calculator;

Fig. 8 illustrates the numeric keypad of a télephone set;

Fig. 9 provides a tabular assessment of the distribution of common
characters, using the 6763 characters in the GB2312-80 character internal code
table as example, over different groups by the number of strokes per character.

Fig. 10a and Fig. 10b provides a tabular assessment of distribution and
frequency of strokes, using the 6763 characters in the GB2312-80 character
internal code table as example and under stroke recognition of this invention.
Stroke LING is not included;

Fig. 11 is a schematic representation of an exemplary QWERTY keyboard
arrangement for primary strokes, according to an embodiment of the invention;

Fig. 12 is a schematic representation of the arrangement of all strokes on
the standard QWERTY keyboard, according to an embodiment of the invention;

Fig. 13A and Fig 13B provide a summary table of the standard QWERTY
keyboard arrangement for all the 34 strokes and sample characters which contain
relative stroke positions concerning the particular stroke;

Fig. 14 is a schematic representation of the arrangement of all strokes on
the version of QWERTY keyboard used by handheld computers and Personal
Digital Assistants (PDAs), according to embodiment of the invention;

Fig. 15 illustrates an exemplary version of an arrangement of different
stroke-units on a numeric keypad, according to embodiment of the invention,

Fig. 16 is a schematic representation of a simplified version of
arrangerﬁent of all strokes and stroke units on the QWERTY keyboard used by
handheld computers and Personal Digital Assistants (PDAs), according to
embodiment of the inventioh;

Fig. 17 provides a reference list of technical terms used in the application
in both English and Chinese languages.

DETAILED DESCRIPTION

Generally, the present invention provides a method or a system for inputting

ideographic characters using a keyboard based upon the stroke sequence of a Qharacter,

which takes into consideration the relative stroke positions within a character.
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Ideographic characters are typically two-dimensional arrangements of strokes, as
opposed to the linear nature of indo-european descendent languages. Each character is
created using a unique arrangement of strokes, so that different strokes are either
overlapping in some fashion, or are either horizontally or vertically offset from each other,
or are in other positions relative to each other. The present invention provides a stroke
based keyboard mapping, and a method for creating ideographic characters that
devolves each character into a set of strokes. The strokes are mapped to a conventional
keyboard which is used to enter the characters.

While previous methods of stroke based input have been viewed as awkward to
use, the present invention provides an input mechanism derived from an analysis of the
strokes used to create cdmmon characters, and the relationship between the strokes
used. In a presently preferred embodiment, characters are produced by entering the
component strokes used to create the character, in the sequential order used to
commonly write the character, in which the characters are usually hand-written.

For the purposes of the following discussion, the ideographic writing system used
in Chinese characters is used as the basis for a new keyboard design. One skilled in the
art will appreciate that there may be variances between the presented design and
embodiments designed for different ideographic character sets, but that the fundamental
advance of the present invention is applicable to other ideographic languages.
Additionally, one grouping of the identified strokes are designated as essential strokes.
The term essential stroke is used in reference to the nature of the strokesin relation to
each other and to other strokes used the language. In different languages, other stroke
combinations may be deemed essential, and may be substituted for the stokes described
herein as essential without departing from the present invention.

The stroke table provided in Figures 1A to 1C (referred to herein as Figure 1)
presents a collection of, but is not limited to, the strokes currently in use, stroke titles for
identification in this application, sample character(s) for each stroke, and a classification
system for all strokes. There are strokes that are not present in the table of Figure 1, but
they can easily be treated as variations of the strokes in the list. Additionally, a number of
stroke names have the letter “d” preceding them, which refers to “Dian” or “point/dot”. The
letters “H”, “S”, “P”, or “N” in the titles of compound strokes represent the class name
“HENG?”, “SHU”, “PIE” and “NA" respectively. '

A review of the types of strokes is useful in understanding the nature of the
invention and the advantages it imparts. The stroke LING is recognized as a special
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stroke. Ling is unique for both its round shape and for the fact that it serves as a single
stroke character. The stroke HENG and stroke SHU are the two fundamental strokes,
from which strokes NA and PIE can be derived respectively. All strokes except stroke
LING can be classified into four classes, Class HENG, Class SHU, Class PIE and Class
NA. Each class can be divided into a Primary Category and a Compound Category.
Some compound categories can be further divided into stroke groups, such as Group Left
and Group Right, based on certain common graphic features of strokes within the group.

Class HENG includes stroke HENG, stroke dTl, and strokes with titles from H1 to
H11 in the stroke table of Figure 1. Primary Category of Class HENG includes stroke
HENG and stroke dTI. Compound Category of Class HENG includes strokes with titles
from H1 to H11 as shown in Figure 1. All strokes in the Compound Category of Class
HENG can be further dividéd into two stroke groups, Group Left and Group Right, on the
basis of how a compound stroke in Class HENG is drawn graphically. Group Left of Class
HENG includes strokes with titles from H1 to H7b in Figure 1 and Group Right of Class
HENG includes strokes with titles from H8 to H11 in Figure 1. Different versions of Group
Left and Group Right of Class HENG are possible. ‘

Class SHU includes stroke SHU, stroke dSHU, and strokes with titles from S1 to
S6 in Figure 1. Primary Category of Class SHU includes stroke SHU and stroke dSHU.
Compound Category of Class SHU includes strokes with titles from S1 to S6 in Figure 1.
All strokes in the Compound Category of Class SHU can be ‘further divided into two
stroke groups, Group Left and Group Right, on the basis ofhow a compound stroke in
Class SHU is drawn graphically. Group Left of Class SHU includes strokes with titles from
S1 to S4b in Figure 1 and Group Right of Class HENG includes strokes with titles from

~ Sba to S6 in Figure 1. Different versions of Group Left and Group Right of Class SHU are

possible.

Class PIE includes stroke PIE, stroke dPIE, stroke P1 and stroke P2 in the Figure
1. Primary Category of Class PIE includes stroke PIE and stroke dPIE while Compound
Category of Class PIE includes stroke P1 and stroke P2.

Class NA includes stroke NA, stroke dNA, and stroke N1 where stroke NA and
dNA are in the Primary Category and stroke N1 is in the Compound Category of this
class. Stroke N1 can also be treated as a variation, or different representation, of stroke
NA. A :

As a result, an “alphabetic” stroke table can be created and a ranking of all

strokes can be afranged on the basis of stroke classes, stroke categories within each
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class, stroke groups within the compound categories, and the graphic features of
individual strokes. Figure 1 also presents one version of such stroke ranking from stroke
LING to stroke N1.

In this description, the phrase “stroke unit” is used to describe a collection of
strokes that typically shares similar graphic characteristics. A single stroke by itself can
be a stroke unit. A stroke unit can also be composed of a stroke and its variations.
Variations of certain basic strokes are all provided with differential titles in the stroke table
in Figure 1.

Certain pairs of strokes have essentially the same historic origin. The present day
differences in the appearance of these strokes is commonly traced to the relation
between the stroke and the adjacent strokes in a character. A sampling of these paired
strokes appears in Figure 2. for the purposes of generating stroke ranking table, these
strokes can be treated as a single stroke.

Among the collection of all strokes, several strokes are more frequently used to
form common characters set and therefore, are identified as primary strokes. One
example of such common characters set includes those 6763 Chinese characters in the
GB2312-80 character internal code table created by the People’s Republic of China
(PRC) in the early 1980s. These primary strokes include stroke HENG, stroke SHU,
stroke PIE, and stroke NA in the stroke table of Figure 1. Each of these primary strokes
has a variation or point version (stroke dTl, stroke dSHU, stroke dPIE and stroke dNA
respectively). For the purpose of character input in this invention, each primary stroke ard
its point version are recognized into the same stroke unit and are always arranged in the
same keyboard position(s). These primary strokes are shown in Figure 3.

~ Among the primary strokes, stroke PIE and stroke NA, as well as their point
versions, stroke dPIE and stroke dNA, are defined as essential strokes. Their keyboard
arrangements are critical in designing a well functioning and user friendly stroke based
character input method. These essential strokes are shown in Figure 4. The essential
stroke unit PIE is composed of stroke PIE and stroke dPIE. Essential stroke unit NA is
composed of stroke NA and stroke dNA. Stroke unit HENG is composed of stroke HENG
and stroke dTI| while stroke unit SHU is composed of stroke SHU and stroke dSHU. All
these stroke units of primary strokes and their point versions can also simply be referred
to as stroke HENG, stroke SHU, stroke PIE, and stroke NA respectively as each primary
stroke is treated as the same as its point version for keyboard arrangements in this

invention. These strokes are considered essential as they are not only commonly used
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strokes, but often occur in close proximity to each other, and are very often found
adjacent to each other. A statistical analysis of a character set indicates that the.
placement of these strokes is often the stumbling block that results in the awkward use of
prévious stroke based input systems.

The general graphic layout of a particular character can be summarized as:

(1) Each character is composed of at least one single stroke and occupies
a rectangular area;

(2) Strokes within a particular characterroot or character, can be in
different positions horizontally or vertically relative to each other, crossing over
each other, surrounded by each other, or be in other positions to each other; and

(3) When a character is composed of both charactertoot(s) and
independent stroke(s), these character+oot(s) and independent stroke(s) can be
in different positions horizontvally or vertically relative to each other, be crossing
over each other, or be surrounded, either partially or fully, by each other, or in
other positions to each other.

While the way to write a character has been significantly influenced by many
factors including the traditional writing tools and writing/printing system, the general rules
of character writing can be summarized as “from left to right”, “from top to bottom”, “from
outside to inside”, and “from center to symmetrical (left and right) sides”. These general
rules apply to characters of only a few component strokes as well as to those characters

with complex structures. The present invention utilises these conventions in dictating the

- order in which strokes should be input, so that stroke input is performed in a consistent

manner.

~In the analysis of the characters and their component strokes, while the
relationships among various strokes are examined, those involving two particular strokes,
herein referred to as stroke PIE and stroke NA, and their closely related variations, stroke
dPIE and stroke dNA respectively, is preferably exploited in order to increase the
convenience and efficiency of character input. These two strokes occur next to each
other, or in very close proximity to each other, frequently, though the orders of their stroke
sequences and relative stroke positions among them vary. Because these strokes occur
close together so often, it is advantageous to ensure that they appear on different sides of
the keyboard and to avoid one hand being required to move around for consecutive
stroke typing when it's not necessary. Furthermore, taking into consideration the different

stroke orders and the graphic layouts, i.e. different relative positions, when stroke PIE
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and stroke NA do appear next to each other or close to each other, the present invention
seeks additional special treatment for these strokes. An optimal placement of the stroke
PIE and stroke NA will try to match the keyboard typing of these strokes with the different
stroke orders and different relative stroke positions of these strokes within the characters.
Because of the existence of different combinations of stroke PIE and stroke NA with
different orders and different relative stroke positions, the present invention provides two
locations on keyboard for each of the PIE and NA strokes and their respective variations.
By providing a first appropriate stroke PIE location for accessibility by the right hand, and
a second appropriate stroke PIE location for accessibility by the left hand, and similar first
and second locations for the NA stroke, it can be guaranteed not only that the PIE and
NA stroke combinations can be entered using alternating hands when it is necessary, but
also that different orders of these stroke combinations can be accommodated. Moreover,
the placement of each of stroke PIE and stroke NA in two locations on the keyboard
allows for convenient input of the strokes when they are not graphically adjacent to each
other, but end‘one line of a character and start the next. As described above, these
strokes are considered essential to the writing system due to their frequency with relation
to each other. In other ideographic languages the essential characters may vary, and are
dealt with in a similar fashion. A detailed analysis of the rest of the keyboard position
arrangement, and further information about how the characters are devolved into strokes
is described below.

The stroke based character input method of the instant invention is designed to
accommodate the relative stroke positions within the characters or character-roots though
use of the dual or multiple keyboard positions assigned to essential sti’okes and through
the appropriate placement of other strokes. Since, in combination within a particular
character, stroke PIE/dPIE and stroke NA/dNA can have different relative stroke positions
to each other with reversing stroke orders and different graphic layouts, and also
considering their relative positions to other strokes, these strokes are each assigned to
multiple (more than one) keyboard positions in order to simulate the various relative
stroke positions within a character or characterroot layout.

Thus, in the present invention, it is recognized that the relationship between
PIE/dPIE and NA/dNA is crucial in the development of an ideographic keyboard for
Chinese style characters. Because these strokes often occur next to each other it is
advantageous to place the strokes on opposing sides of the keyboard so that they can be
accessed by different hands, reducing the amount of unnecessary finger travel required
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to input the pairing. Because these strokes and their pairings also occur both before and
after a wide assortment of other strokes it is not possible to achieve the objective of input
convenience and efficiency with traditional “one stroke over one key” arrangement. To
overcome this, each of these strokes is pro,vided in two different and appropriate locations
on the keyboard. Thus, if the keyboard is segmented into right and left handed/sided
segments, each segment will have one of either PIE or dPIE, and one of eitherNA or
dNA. Thus, any practical combination of a first stroke, followed by a paring of PIE/dPIE
and NA/dNA, can be accomplished using alternating hands when it is necessary. This
allows for a reduction in the character input time and reduces both the complexity of the
character entry and the learning curve associated with the character entry. The location of
each of the strokes, in relation to both each other and the other strokes on the keyboard
can be determined using either an analysis of the frequency of the use of the strokes, a
division of the keyboard into zones used for different classes of strokes, or other methods
that will be known to those skilled in the art.

Figure 5 illustrates a standard QWERTY keyboard 100 which serves as the basis
for a presently preferred embodiment of the present invention. One skilled in the art will
appreciate that other keyboard layouts, can be just as easily used to practice the present
invention, though the key mappings may differ from those indicated in this description.
Conventional keyboards are used so that the cost of implementation is reduced, as a
simple keyboard interpreter can be provided to convert the standard keyboard signals into
the required strokes. .

As illustrated in Figure 6, the standard keyboard 100 can be divided into six
segments: upper left section 102 (with letters “Q”, “W”, “E”, “R”, and “T"), upper right
section 104 (with letters “Y”, “U”, “I", “O” and “P”), middle left section106 (with letters “A”,
‘8%, “D”, “F” and “G”), middle right section 108 (with letters “H”, “J”, “K” and “L”), lower left
section 110 (with letters “Z”, “X”, “C”, “V” and “B”) and lower right section110 (with letters
“N” and “M”). By convention, the middle left and middle right sections, 106 and 108
respectively, constitute the home row of keyboard positions. The upper left and upper
right sections, 102 and 104 respectively, are in the upper row of keyboard positions. The
lower left and the lower right sections, 110 and 112 respectively, are in the lower row of
keyboard positions. Similar partition of keyboard positions can also be applied to other
versions of keyboard and to numeric keypads.

Figure 7 presents an example of the numeric keypad of a hand held calculator

and Figure 8 shows an example of the numeric keypad of a telephone set. On both of
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these devices, at least three horizontal key groupings can be defined (upper, middle and
lower). Each of the horizontal key groupings can be divided into vertical groups as well
(right, centre and left).

In this invention, the character input is related primarily to the writing system of
characters rather than to the pronunciation of thefn. Though the number of strokes used
to create a frequently used character varies, the average number of strokes used to
create an ideographic character using the stroke set defined in Figure 1 lies between 10
and 11.

Figure 9 provides a distribution table of the 6763 characters from the GB2312-80
internal code table over character groups by the number of sirokes per character. This
shows that it is feasible to use the stroke sequence as the basis to design a character
input method. As most of the complex characters can be broken down into to several
character-roots, writing such a complex character is essentially an exercise of writing
several character-roots sequentially. Each root character is also written using sequential
component strokes.

Even though 34 different strokes are identified in Figure 1, some strokes are used
more frequently than others. Among all strokes, the primary strokes make upabout 80%
of all strokes used to produce the 6763 characters in the GB2312-80 character set as
shown in Figure 10. Therefore, the keyboard arrangement for primary strokes should be
given priority over other strokes. Once the keyboard arrangements for primary strokes are
determined, other strokes can be assigned to appropriate keyboard positions based on
their relationships with the primafy strokes and those among themselves.

Among the primary strokes, the treatment of essential strokes is critical because
of their diagonal nature. In the common set of Chinese characters, over 90% of the
characters can be identified as having at least one of the essential strokes. Also,
approximately 50% of the characters contain one or more combination of essential
strokes. The ideal objective in designing a stroke based character input methods is to
map the strokes over keyboard positions in such a way that it will make thé typing/input
easy, convenient and efficient. One major difficulty associated with arranging the
essential strokes to achieve this objective is the existence of different essential stroke
combinations, which represent different relative positions of essential strokes within the
characters.

There are at least four groups of essential stroke combinations. Group One

essential stroke combinations are essential stroke(s) NA (or dNA) horizontally followed
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by essential stroke(s) PIE (or dPIE). These Group One combinations usually appear at
the top of a character. Group Two essential stroke combinations are essential stroke(s)
PIE (or dPIE) horizontally followed by essential stroke(s) NA (or dNA). Group Three
essential stroke combinations are essential stroke(s) PIE (or dPIE) vertically followed by
essential stroke(s) NA (or dNA). A Group Three combination usually appears on the right
side of a character. Group Four essential stroke combination includes those that
essential stroke PIE (dPIE) is crossed over by essential stroke NA (dNA).

The different stroke ord'ers and different relative stroke positions of individual
essential strokes like these among different groups of essential stroke combinations are
the primary reasons why a simple stroke sequence based character input method is
inconvenient and difficult to use in absence of appropriate keyboard treatment. An
essential stroke combination in Group One starts with stroke NA (or dNA) and
horizontally finishes with stroke PIE (or dPIE) while a essential stroke combination in
Group Two starts with stroke PIE (or dPIE) and horizontally finishes with stroke NA (or
dNA). The orders and graphic layout of strokes in Group Three and Group Fouressential
stroke combinations are also unique and different from those of essential stroke
combinations of other groups. All these unique and different stroke orders and graphic
layouts of strokes represent different relative positions among essential strokes. Without
giving adequate and appropriate consideration to these stroke relationships, it is difficult
to design a stroke sequence based character input method that can conveniently handle
these strokes of different combinations, not to mention the fact that there exists a list of
other non- essential strokes whose relative positions within a character also affect the
convenience and efficiency of the input process.

These different essential stroke combinations can be treated as various fixed
character roots and their graphic appearances and relative stroke positions are preferably
used as the basis to determine the keyboard positions of individual essential strokes.
Traditional simple stroke sequence based character input methods assign each stroke to
one single keyboard position. Under such an arrangement, not all the different stroke
orders and relative stroke positions of various essential stroke combinations are
accommodated for. If the stroke orders of Group Oneessential stroke combinations are
accommodated, the stroke orders of Group Two essential stroke combinations cannot
be. When the vertical relative stroke positions of Group Three essential stroke
combinations are matched by keyboard positions of essential strokes, it is impossible to

accommodate the horizontal relative stroke positions of other groups of essential stroke
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combinations. As a result, it is inconvenient and often awkward to use the same keyboard
position to input an essential stroke when that essential stroke is associated with different
essential stroke -combinations of reversing stroke orders and of different relative stroke
positions. Even though a character input method can be based solely and simply on the
stroke sequences with strokes each being assigned to one single keyboard position, such
methods are often inconvenient and inefficient to use when compared to pronunciation
based and character root based input methods. Therefore, the issueof input cqnvenience
and efficiency can be solved by accounting for relative stroke positions in all groups.

The existence of different stroke orders and relative stroke positions among
essential stroke combinations calls for unique keyboard arrangement for these essential
strokes in order to create a connection between the keyboard arrangement of strokes and
the relative stroke positions within characters. The present invention solves this issue, as
described above, by a dual position arrangement for essential stroke strokes. On a
keyboard, four particular positions, referred to as Position One, Position Two, Position
Three and Position Four, are identified and reserved for these essential strokes. Position
One and Position Two are preferably on the same horizontal line of the keyboard, with
Position One on the left side of the keyboard and Position Two on the right side of the
keyboard. Position Three and Position Four are preferably on the same row of the
keyboard with Position Three on the left side of the keyboard, and Position Four on the
right side of the keyboard. The keyboard row of Position Three and Position Four is
preferably below the line of Position One and Position Two.

Corresponding to the fact that essential stroke combinations can be in reversed
orders, and in order to make it possible to match the keyboard arrangements of individual

strokes with the various relative stroke positions of these essential stroke combinations,

each of the essential stroke units is assigned to two keyboard positions. Particularly, the
essential stroke unit NA is preferably assigned to both Position One and Position Four,
while essential stroke unit PIE is preferably assigned to both Position Two and Position
Three. As such, each individual essential stroke is associated with two different keyboard
positions. Different combinations of these positions can then accommodate the different
stroke orders an'd different relative positions among these essential strokes. With this
unique arrangement, the user can choose the appropriate keyboard position of a
particulaf essential stroke to use depending on the nature of the target essential stroke
combinations, i.e., the order and relative positions among essential strokes. If a Group

One essential stroke combination is the target combination, Position One and Position
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Two can be used to input the necessary essential stroke sequences. To input an
essential stroke sequence of Group Two and Group Four, Position Three and Position
Four can be used. If the Group Three essential stroke combination is the target, the
stroke sequence can be processed using Position Two and Position Four. Position Three
and Position Four can also be used to input Group Three essential stroke combinations if
only the orders of stroke sequences are considered. Even though either of the two
keyboard positions reserved for a particular essential stroke could be used to input that -
essential stroke regardless of its relative positions within the character, the selection of an
appropriate keyboard position corresponding to that essential stroke’s current relative
position to other strokes within the character will make the input process more natural and
more efficient.

This principle of matching the keyboard arrangement of strokes with their relative
positions within a character can also be applied in situations where sequenced strokes
with specific orders or relative positions in a essential stroke combination are recognized
as one stroke unit, or when the character root is the basis of a character input method. In
so doing, these stroke units or character roots are assigned to appropriate keyboard
positions based on the relative stroke positions they represent. In one embodiment of
such arrangement, stroke units or character roots of Group One essential stroke
combinations can be assigned to either Position One or Position Two on the keyboard.
And stroke units or character roots of Group Two and Group Four essential stroke
combinations can be assigned to either Position Three or Position Four. The stroke units
or character roots of Group Three essential stroke combinations can either be assigned

to Position Two or Position Four, or be ireated the same as those stroke units of Group

~ Two and Group Four essential stroke combinations.

When applied to the standard QWERTY keyboard where six different keyboard
sections are identified as illustrated in Figure 6, this dual position keyboard arrangement
results in the following types of combinations of essential stroke positions and keyboard
sections. Type One: Position One for essential stroke NA/dNA is in upper left section 102,
Position Two for essential stroke PIE/dPIE in upper right section 104, Position Three for
essential stroke PIE/dPIE in middle left section 106 and Position Four for essential stroke
NA/ANA in middle right section 108. Type Two: Position One for essential stroke NA/ANA
is in upper left section 102, Position Two for essential stroke PIE/APIE in upper right
section 104, Position Three for essential stroke PIE/dPIE in lower left section 110 and

Position Four for essential stroke NA/dNA in lower right section 112. Type Three: Position
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One for essential stroke NA/dANA is in middle left section 106, Position Two for essential
stroke PIE/dPIE in middle right section 108, Position Three for essential stroke PIE/dPIE
in lower left section 110 and Position Four for essential stroke NA/ANA in lower right
section 112. The selection of a particular one of these three types of combinations for
implementation will be decided by the relative positions of essential strokes to other non-
essential strokes, especially to other primary strokes.

Because of the horizontal nature of the stroke HENG, it preferably appears either
right beneath or above the essential stroke combinations in the graphic layout of a
character. Also, when a single essential stroke precedes or follows the stroke HENG, this
individual essential stroke could be above, beneath, crossing over the stroke HENG. All
these situations suggest a keyboard position for stroke unit HENG on a horizontal lineof
keyboard poéitions that is in between the two horizontal lines of keyboard positions
assigned for essential strokes or essential stroke units.

In the case of relative positions between essential stroke units and stroke SHU,
the stroke SHU is preferably next to essential stroke combinations of either Group One or
Group Two in the stroke sequence of a character. This suggests a keyboard position for
stroke unit SHU on a horizontal line of keyboard positions that is in between the two lines
of the keyboard positions assigned for essential strokes or essential stroke units.

As shown in Figure 10, stroke HENG/dHENG and stroke SHU/dSHU are the most
frequently used strokes to form common characters set. Their graphic appearances and
their various relative positions to each other and to other strokes, especially to essential
strokes, within characters suggest that the keyboard position for stroke SHU be on the left
side of the keyboard position for stroke HENG.

Taking into account the relative stroke positions among all primary strokes, the
above analysis results in a Type Two combinations of essential stroke positions and
keyboard sections such that Position One for essential stroke unit NA is preferably in the
upper left section 102 of the keyboard, Position Two for essential stroke unit PIE is in the
upper right section 104 of the keyboard, Position Three for essential stroke unit PIE is in
the lower left section 110 of the keyboard and Position Four for essential stroke unit NA is
in the lower right section 112 of the keyboard. In the meantime, Stroke unit HENG is
assigned in the middle right section of the keyboard and stroke unit SHU is assigned to
the middle left section of the keyboard.

One implementation this dual position arrangement of primary strokes laid over
the standard QWERTY keyboard is shown in Figure 11. Keyboard 200 provides
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essential stroke unit PIE located in the positions typically occupied by the letter “I” in the
upper right section 104 and “V” in the lower left section 110. Essential stroke unit NA is
located in the positions typically occupied by the letter “E” in the upper left section102
and the letter “M” in the lower right section 112. Stroke unit HENG occupies the position
of letter “J” in the middle right section 108 while stroke unit SHU is assigned to the
position of letter “F” in the middle left section 110.

Once the keyboard positions for primary strokes, which are the most frequently
used strokes to form characters, have been decided, the arrangements of other non-
primary strokes on the keyboard are then preferably determined both by\their relative
positions to primary strokes, the relative positions among themselves, and the number of
keyboard positions available. On reduced format keyboards where there are not enough
appropriate keyboard positions for each of all the non-primary strokes, more non-primary
strokes can be grouped together to form stroke units or be grouped into the stroke units
of primary strokes to reduce the number of keyboard positions required. This also makes
it possible to apply the present invention to other simplified versions of keyboard that may
have fewer key positions than the standard QWERTY keyboard, or to numeric keypads of
various electronic appliances. ‘

Figure 12 presents one version of the arrangement for all strokes on keyboard
200, which takes into consideration the relative positions among the various strokes.
Figure 13 is a tabular summary of such a keyboard arrangement for all strokes and
sample characters that contain the relative stroke relationships concerning each of the
particular strokes. Under this version of keyboard arrangement, there exist some
keyboard positions not assigned with any strokes while some other keyboard positions
are each assigned with multiple strokes. This is due to the fact that the relative stroke
position within characters is the most important fact in determining the keyboard positions
of these strokes.

As a direct result of this unique keyboard arrangement of strokes, the overall level
of convenience and efficiency of keyboard typing is improved significantly as indicated by
the reduced distance that each hand has to travel over the keyboard, the low frequency
that one particular hand is required to type continuously over different keyboard positions,
the low frequency that one particular finger is required to type continuously over different
keyboard positions, the high frequency that the home row of the keyboard is used relative
to the top row and the bottom row of the keyboard, the overall continuity of stroke typing,
and high finger coordination.
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Figure 14 also presents an embodiment of the invention on a different
configuration keyboard 202 which is used by many handheld computers and Personal
Digital Assistants (PDAs). While the overall horizontal line-up of strokes are not changed,
the assignment of strokes to keyboard positions on the upper row and the lower row of
the keyboard is modified in response to a different positioning of keys. ‘

The present invention can also be used to apply stroke based character input to
Numeric Keypads. In applying the present invention to reduced key keyboard, or numeric
keypads, more individual strokes have to be grouped into the same stroke units in order
to accommodate the fact that now there are significantly less key positions. In one such
embodiment, all strokes in Class PIE are grouped into one stroke unit and identified as
Class unit PIE. All strokes in Class NA are grouped into one stroke unit and identified as
Class unit NA. All strokes in the Compound Category of Class HENG are grouped into
one stroke unit and identified as Compound unit HENG. All strokes in the Compound
Category of Class SHU are grouped into one stroke unit and identified as Compound unit
SHU. Primary unit HENG is composed of stroke HENG and stroke dTI while Primary unit
SHU is composed of stroke SHU and stroke dSHU. Since primary strokes make up about
80% of all strokes used to produce common characters, this arrangement with reduced
number of siroke units will not significantly increase the number of character groups with
duplicating input codes.

As there are now only six stroke units in this arrangement, they can be assigned
to the numeric keypads of any electronic appliances with the application of the dual
position arrangement of the invention. Two positions will be reserved for each of the
Class unit PIE and Class unit NA so the user can select the appropriate position to use
for a particular class unit depending on that class unit’s relative position to other strokes
or stroke units within a character or character root.

One exemplary numeric keypad arrangement is shown in Figure 1 5. On keypad
204 Class unit NA is placed in both the upper left 102 and upper right 104 sections of
keyboard 204 and is preferably assigned to the upper left and the lower right keys. Class
unit PIE is placed in both upper right 104 and lower left 110 sections of the keyboard 204
is preferably assigned to the upper center and lower left keys. Primary unit HENG is
placed in the middle right section 108 and is preferably assigned to the middle center
position while Primary unit SHU piaced in the middle left section106 and is assigned to

~ the middle left position. The middle right position is preferably reserved for Compound

unit HENG and the lower center position is preferably reserved for Compound unit SHU.
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The upper right position is reserved for stroke LING or for other special use. As LING is
considered to be a special character, one skilled in the art will appreciate that to indicate
the end of the entry of a character a usermay be provided with either an end of character
key, or may use the LING stroke to indicate the end of the character, thus LING can be
thought of as a special case of a non-stroke key. As LING does not appear as a paart ofa
character, an interpreter can determine whether the use of LING indicates a character, or
represents the end of character signal.

This simplified version of the present invention can also be applied to the
QWERTY keyboard such that only a portion of the keyboard will be required. In one
exemplary arrangement on keyboard 206 is depicted in Fig. 16, Class unit PIE is

assigned to keyboard positions of “Y” and “V”, Class unit NA is assigned to keyboard

positions of “T” and “N”, Primary unit HENG is assigned to the keyboard position “H”,

Compound unit HENG is assigned to keyboard position “J”, Primary unit SHU is assigned
to the keyboard position “G”, and Compound unit SHU is assigned to keyboard position
“B". Generally, on a keyboard, four particular positions on two different horizontal lines of
keyboard positions, the upper line and the lower line, are identified with two positions, the
left position and the right position, specified on each line. The left position on the upper
line and the righf position on the lower line are reserved for essential stroke unit NA
(stroke NA and stroke dNA). The right position on the upper line and the left position on
the Idwer line are reserved for essential stroke unit PIE (stroke PIE and stroke dPIE).

Two essential strokes, such as PIE and dPIE, or NA and dNA, can share the
same multiple keyboard positions. In cases where aessential stroke is recognized in the
same stroke unit with a non-essential stroke, this stroke unit containing the essential
stroke or essential strokes can be assigned to multiple keyboard positions. In so doing,
the user can select the appropriate keyboard position for a particular essential stroke
depending on that essential stroke’s relative position to other strokes within a particular
character or character root.

In one embodiment of the present invention four particular positions are provided
on a keyboard for stroke PIE/dPIE and stroke NA/ANA units, two positions being located
on a different horizontal line of keys than the remaining two positions. In a particular
embodiment, one of the two horizontally higher positions is designated to the stroke
PIE/dPIE and the other to stroke NA/ANA. And also one of the two horizontally lower
positions is designated to the stroke PIE/dPIE and the other to stroke NA/ANA.
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In embodiments where stroke PIE and stroke dPIE are recognized as two distinct
strokes, stroke PIE can be assigned to multiple different keyboard positions while stroke
dPIE can also be assigned multiple different keyboard positions. The multiple keyboard
positions reserved for stroke PIE can overlap the multiple keyboard positions reserved for
stroke dPIE. '

In embodiments where stroke NA and stroke dNA are recognized as two distinct
strokes, stroke NA can be assigned to multiple different keyboard positions while stroke
dNA can also be assigned multiple different keyboard positions. The multiple keyboard
positions reserved for stroke NA can overlap the multiple keyboard positions reserved for
stroke dNA.

The principle of this dual/multiple keyboard arrangement under the present
invention is based upon stroke' recognition/classification systems or stroke tables. This
allows the relationship between strokes to be accounted for in the placement of the
strokes on the keyboard. Such relative stroke positions exist universally among
characters and are independent of the way strokes are classified. In one conventional
stroke classification system, stroke dSHU, stroke dPIE and stroke dNA in Figure 1 are
recognized under one composite stroke “Dian”. Therefore, the stroke classification in
Figure 1 is essentially an extension of such conventional stroke recognition in the sense
that stroke dSHU, stroke dPIE, stroke dNA are recognized differentially in Figure 1.
However, even under the conventional stroke recognition system where a composite
stroke “Dian” is recognized, the present invention can be implemented to achieve the
objective of ease of learning, convenience and efficiency to use.

An ordinal ranking of strokes can be arranged at different levels 6f stroke classes,
stroke categories, stroke groups, or at the individual stroke level. These arrangements
may be uéed either alone or in combination. The examples below are based on the
placement of strokes in an alphabetic stroke table, such as that shown in Figure 1.

In an ordinal alphabetic stroke table, Stroke LING is ranked ahead of all the other
strokes and stroke classes. Class HENG is ranked ahead of Class SHU, Class SHU in
turn is ranked ahead of Class PIE, and Class PIE in turn is ranked ahead of Class NA. In
an alphabetic stroke table, within each stroke class where all strokes are divided into a
Primary Category of strokes and a Compound Category of strokes, the Primary Category
of strokes is ranked ahead of the Compound Category of strokes. In an alphabetic stroke
table, within a Compound Category of strokes where all strokes are divided into a stroke
Group Left and a stroke Group Right, the stroke Group Left is ranked ahead of the stroke
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Group Right. In an alphabetic stroke table, all strokes in the siroke Group Left in Class
HENG are ranked by the order of stroke H1, stroke H2, stroke H3, stroke H4, stroke H5,
stroke H6a and stroke H6b, stroke H7a and stroke H7b. All strokes from the stroke Group
Right in Class HENG are ranked by the order of stroke H8, stroke H9, stroke H10a and
stroke H10b, and stroke H11. In an alphabetic stroke table, all strokes from the stroke
Group Left in Class SHU are ranked by the order of stroke S1, stroke S2, stroke S3,
stroke S4a and stroke S4b. All strokes from the stroke Group Right in Class SHU are
ranked by the order of stroke S5a and stroke S5b, and stroke S6. In the alphabetic stroke
table, all strokes in the Compound Category of Class PIE are ranked by the order of
stroke P1, and stroke P2. Within the primary categories of each stroke class, the point
version of a particular primary stroke can either be recognized as the same rank as its
corresponding primary stroke or be ranked after each of its corresponding primary stroke.
In one implementation, stroke dTl is ranked after stroke HENG, stroke dSHUis ranked
after stroke SHU, stroke dPIE is treated as the same rank as stroke PIE and stroke dNA
is treated as the same rank as siroke NA.

| With such a stroke ranking in place, a list of characters can be arranged in the
order of their component stroke values. Such an ordinal list of characters can be used in
various occasions where an ordinal list of characters is necessary, such as character lists
in dictionaries. For those characters having same component stroke sequences, other
language features, such as frequency of usage or pronunciation, can be used to
sequentially list these characters. In one implementation of the present invention where a
database of listed characters has to be prepared, the order of characters in the database
can be arranged by their component stroke values.

Theré is a plurality of methods of implementing the present invention. Among
these embodiments is a Latin alphabetic keyboard or a simplified numeric keypad,
wherein the strokes are overlaid on the keys, as described above. The keyboard
generates an output signal in response to the depression of a key, and the output signal
is provided to a stroke interpreter. The stroke interpreter receives the output signals that
are representative of the desired stroke (or stroke unit) and stores the strokes until it
receives an output signal indicative of the end of a character or character input. The
stroke interpreter combines all the received strokes to - produce a character. This
implementation is preferably designed to promote entry of a character through its
devolution into component strokes, entered in the order in which a character is usually

written. Optionally there is a conflict resolution module in the stroke interpreter to
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determine if more than one character is mapped to a particular sequence of strokes. If the
conflict resolution module detects a conflict, the candidate characters are provided to the
user for selection to avoid inadvertently providing the wrong character. The keyboard
having the dual positioning/mapping of the PIE/dPIE and NA/dANA strokes is additionally
able to be implemented as a stand alone product in addition to its ability to be
implemented in the combination of keyboard and interpreter systém. In an alternate
embodiment, the stroke interpreter narrows the possible characters with each progressive
stroke, so as to provide a form of predictive text input. An optional feature of this
embodiment is that the possible characters are displayed on a portion of the screen as
the strokes are entered, so that the user canuse a non-stroke key, or an alternate entry
device, such as a mouse, to select the intended character without having to complete all
the stroke entry of the character.

One skilled in the art will appreciate that the present invention can be
implemented as either a keyboard having built in logic to process the stroke keys and
buffer them until the user indicates that the end of a character has been reached by using
a non-siroke key. Alternatively, the invention can be implemented using a standard
computing platform that receives input signals from a keyboard, each signal
representative of a stroke associated with a key. A keystroke interpreter buffers the
strokes and can narrow down the selection of characters stored in a database with each
stroke. This allows the user to type part of a character and then select the character from
a pick list, or for the interpreter to employ predictive text input. In another embodiment a
conflict resolution module provides the user with an indication that the strokes input
match more than one known character. This preferably is performed by providing the
user with a list of possible choices on a computer screen, and allowing the user to select
the desired character from a pick list.

The above described embodiments of the present invention are intended to be
examples only. Alterations, modifications and variations may be effected to the particular
embodiments by those of skill in the art without departing from the scope of the invention,
which is defined solely by the claims appended hereto.
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What is claimed is:
1. A keyboard, for the entry of ideographic characters based on component strokes,
comprising: ‘ A

a plurality of stroke keys, each representing a component stroke, at least two of
the plurality of stroke keys representing the same component stroke, each key for
providing a signal representative of the stroke associated with the key; and

a non-stroke key, for providing a signal representative of the end of the entry of a

character.

2, The keyboard of claim 1, wherein the plurality of stroke keys includes two sets of
two stroke keys, keys of the first of the two sets representing a first component stroke,

and the keys of second of the two sets representing a second component stroke.

3. The keyboard of claim 2, wherein the keyboard is arranged to form two contiguous
regions, horizontally adjacent to each other, the regions being a right and left sided
region.

4, the keyboard of claim 3, wherein the keys of the first and second set are
positioned so that one of the keys of each set is in the right sided region, and the other
key of each set is in the left sided region.

5. The keyboard of claim 1, wherein the ideographic characters are Chinese
characters, and the at least two of the plurality of stroke keys representing the same
component stroke represent a stroke selected from a list including stroke PIE, stroke
dPIE, stroke NA and stroke dNA .

6. The keyboard of claim 1, including a plurality of non-stroke keys for providing a
signal representative of the end of the entry of a character.

7. The keyboard of claim 1, wherein the keyboard has the layout of a QWERTY
keyboard and one of the at least two of the plurality of stroke keys representing the same
component stroke resides in the row above the home row.

8. The keyboard of claim 7, wherein the other of the at least two stroke keys

representing the same component stroke resides in the row below the home row.

9. The keyboard of claim 1, further including:

-24 -



10

15

20

25

30

WO 2004/010273 PCT/CA2003/001073

a stroke interpreter, operatively connected to the plurality of stroke keys and to the
non-stroke key, for receiving and buffering the provided signals, and for selecting an
ideographic character from a database based on the buffered signals representative of

strokes when a signal representative of the end of the entry of a character is received.

10. The keyboard of claim 9, wherein the stroke interpreter includes means for both
narrowing the number of characters for selection with each stroke; and selecting a
'character from the narrowed number of characters on the basis of a signal representative
of one of the plurality of non-stroke keys.

11. The keyboard of claim 9, further including a conflict resolution module, operatively
connected to the database and the stroke interpreter, for selecting an ideographic
character from the database when the buffered signals are not uniquely associated with
one character, the selection based on a signal representative of one of plurality of non-

. stroke keys received in response to a presentation of the characters in the database

associated with the buffered signals.

12. The keyboard of claim 1, wherein the keyboard has the layout of a QWERTY
keyboard and provides key mappings for stroke HENG/dTI, stroke SHU/dSHU, stroke
PIE/dPIE and stroke NA/dNA as illustrated in Figure 11.

13. The keyboard of claim 1, wherein the keyboard has the layout of a QWERTY
keyboard and provides key mappings as illustrated in Figure 12.

14. The keyboard of claim 1, wherein the keyboard has the layout of a QWERTY

keyboard and provides key mappings as illustrated in Figure 14.

15.  The keyboard of claim 1, wherein the keyboard has the layout of a numeric
keypad, the keypad organised into three columns of three rows, the keypad having key
mappings as illustrated in Figure 15.

16.  The keyboard of claim 1, wherein fhe keyboard has the layout of a QWERTY
keyboard and provides key mapping as illustrated in Figure 16. ’

17. The keyboard of claim 9, wherein the database contains a plurality of characters
indexed according to the component stroke values in a sequence associated with each of
the plurality of characters, the component stroke values ass~igned in agicordance with the
relative ranking values of strokes illustrated in Figure 1.
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8 o -] o H5 ¥ N I
: | 1 B | B | B
2 &)
9 § ] Héa 7] 5 7]
10 ] H6b O H
11 M H7a Bl | o=
12 'l-l H7b M

Figure 1A
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roke Classification [Strokes Tifle , Sample Characters
13 r 4 H8 Z | & |k
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=]
14 o | ¥ 2 Y HY | ORO| #
®
O &
15 | 2
; -E % 'L H10a ]
= =4 =
® & | O
16 : 1L HI0b ol
O
17 1 HIL [ % | % | #
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8 Primary SHU + - ! &
Categor .
19 8oty Y dSHU = 5 7 & T
20 | Sl T T N + | =
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% ¥ |5
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24 2 |-| S4b & | @
g
25 S | 4 L S5a 0 o
=
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g L S5b £ b =)
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27 > ] 86 DN I A T

Figure 1B



WO 2004/010273 PCT/CA2003/001073

319
Stroke Classification | Strokes S’;‘l;::)l]z ¢ Sample Characters
PIE
28 Primary "’ A A
Categor,
29 = sory 4 dPIE e
&
:
30 5 P1
v Compound ( x i
Categor, -
31 BOTY L P2 “ A 2
32 NA
< ~ Primary \ 2 A ZS
4 Category .
3 1 g ) dNA- | | B | N | B X
0
Compound . . .
34 Category \' NI < X #

Figure 1C
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R It E—
1 _j Héa ] H6b
2 -'] H7a 11 H7b
3 'L H10a 'L H10b
4 |-J S4a |-| S4b
5 L Ssa L s5b

Figure 2
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Pri Primary
rumary Stroke Titles | Strokes (Point | Stroke Titles
Strokes .
Version)
1 — HENG(TI) { dTI
2 I SHU ‘ dSHU
3 j PIE J dPIE
4 Y NA ) dNA
Figure 3
. Key-strokes .
Key-strokes | Stroke Titles (Point Version) Stroke Titles
1 } PIE Fi dPIE
2 ' NA ) dNA

Figure 4
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Figure 5 (prior art)
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Figure 7 (prior art)
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Figure 8 (prior art)
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Character Distribution
# of Characters per | % of Characters per Cumulative % of
Group Group Characters per Group
1 5 0.07% 0.07%
2 34 0.50% . 0.58%
3 79 1.17% 1.74%
4 140 ' 2.07% 3.81%
5 203 3.00% 6.82%
. 6 349 5.16% 11.98%
‘g 7 531 . 7.85% - 19.83%
3 8 677 10.01% 29.83%
g 9 752 11.12% 40.95%
& 110 730 10.79% 51.74%
2 u 702 10.38% 62.12%
g1 2 637 9.42% 71.54%
"5 13 524 7.75% 79.29%
2 14 397 5.87% 85.16%
E 15 311 4.60% 89.75%
| 16 255 3.77% 93.52%
2 | 17 174 2.57% 96.10%
2 | 18 73 1.08% 97.18%
© 19 77 1.14% 98.31%
§ 20 45 0.67% 98.98%
5§ | 2 23 0.34% 99.32%
O [ 22 17 0.25% 99.57%
23 13 0.19% C o 99.76%
24 7 0.10% 99.87%
25 6 0.09% 99.96%
26 1 0:01% 99.97%
30 1 0.01% 99.99%
E 6763 100%

Figure 9
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Distribution and Frequéncy of Strokes (continued)
SHU/ Sda | S5a PIE/ NA/
Strokes | | S1| 82 S 86 | gpre | P! | 2 | ana N1 | Total
1 1 1 1 -5
2 9 | 3 1 6 13 11 10 68
3 31 |9l 1 41101 #4736 | 1] 237
4 71 | 10 11 4]126| 6| 128 7 101 ] 2| 560
5 183 | 23| 2 8 | 33| 9| 171 ] 2 |17 140 | 5 | 1015
6 337 | 57| 3 | 1 | 18| 71| 13| 387 [ 16 | 40 | 304 | 10 | 2094
7 620 | 82| 8 | 1 | 17128 41 | 674 | 19| 58 | 579 | 9 | 3717
3 8 960 11081 7 | 1 | 32| 146] 49| 867 | 22 | 97 | 836 | 23 | 5416
S 9 1208 |121] 13 | 1 | 31 | 146 66 | 1172 27 | 102] 1029 | 32 | 6768
{é 10 [ 1244 [ 117 20 36 | 157| 80 [ 1200 | 32 | 93 [ 1190| 20 | 7300
; 11 | 1386 | 126 17 | 1 | 25 [ 158] 72 | 1246 | 34 | 90 | 1171 | 15 | 7722
2 12 | 1441 | 122] 15 25 | 134 64 [ 1207 | 23 | 93 | 1131| 23 | 7644
Z 13 [1262] 74| 11 2 [116] 62 [ 1070 25 | 71 {1033 | 10 | 6812
2 14 1049 74| 7 15| 80| 45| 888 | 22| 57 | 882 | 8 | 5558
'é 15 | 902 | 68| 10 6 | 67|30 768 8 [ 36| 699 | 5 | 4665
o 16 [783[35]| 6 5 | 55| 27| 678 | 12| 39| 612 | 4 | 4080
© 17 579 | 29| 15 9 | 43| 21 482 | 3 | 25| 446 | 6 | 2958
*§ 18 | 248 (11| 3 4 | 13|12 214 4 | 5| 207 | 4 | 1314
E 19 303 | 15| 3 2 23|10 22| 1| 7211 1] 1463
&) 20 193 | 6 | 2 2 14| 1M 130 2| 8|12 | 3 | 900
21 100 | 4 | 1 4| 41| 65 68 483
22 78 1 4| 4|10 51 | 3| 2] 5 |1] 374
23 62 | 3 4| 9| 41|54 | 1] 29
24 3B | 2 22 24 168
25 30 | 3 21 6| 18332 |1] 15
26 6 1 3 26
30 6 6 5 30
I |s(8|elel2|% |8 2 lelgl g |3 |78
= oz} = - N - -] = N ® = -
S lelselels sl S8l
< |8 lslglzls5|a (g2 |5 (8|3 |88
$ |2 (s |S|e|als]|8|s]|=]|%8 =] =
Figure 10B




PCT/CA2003/001073
12/19

WO 2004/010273

oLl

\ “ X
NP ! [S1dP N
: ‘ 3id o) X
/ N N " q A
I Illllllllllllllllllllllllllll._.lﬂlIlllIlllllllllllllllllllIllllll
1P | NHSP y
‘ 3H o a S
/\\/ _ 1 M ON ! H “ NHS N
L — - - - - - . . . . . . ._.l._- lllll - - - - - . - - - - - - - - - -
3idp “ VNP
[ ] d 0 Ald | n Al L d VN 3 M @)
]

\ ! /J
)

002

Figure 11

5
o
~




PCT/CA2003/001073

WO 2004/010273

1319

801

431

9/e0LH

6H
)

Figure 12

)

901

¥0lL

00¢C

[40)3



WO 2004/010273 PCT/CA2003/001073
14/19
o Stoke | SIS QWERTY | LEG poons Dt
Titles Arrangements to Deter.n'ﬁne the Keyboard
Position of Strokes
1 O LING Q
2 | — | HENG(TI) J KARARARNL
3 | ¢ dTl J vy
4 7 H1 L NAK 7 &
ST H2 L KT % =
6 3 H3 U S
7 7 H4 C R
8 | ™ HS T G
o171 H6a K S A AEREAA
I | H6b K DIHFERESEL
VR H7a P 73
12 B H7b P ok
13 | 2. HS R &
14 | 7, H9 o KRR
15 | L H10a o) 1]
16 | L H10b o NLAAE
17 {7 Hi1 H R

Figure 13A
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Strokes Stroke SI?;(::::(?;Z :?;:i{;l‘nY Relzsliilwrfl:) lSirf):l]:: rftcsti:;(fnzngsed
Titles Arrangements to Deter.n.line the Keyboard
Position of Strokes
18 || SHU F HARARA
19 é dSHU F e
20 ] S1 G TFTF 4T T
21 ] ) s2 B S
2 | L S3- X 5
| S4a A 55555585
24 | [ S4b A 5
s | L S5a N CLbe#AE
26 | L S5b N LB bEETE
27 | S6 D T HRL ) EG BAIY R Ep
28 | J PIE Tand V KR XANR
2‘9 Fi dPIE IandV o
30 | £ P1 w Jr i
31 | L P2 S 2 NERZS X
32 \ NA E and M KARRICA LA
33 Y dNA E and M KRAN Y Y-y
34 |\, N1 M (and E) CRERR

Figure 13B
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English Terms/3 AR E Chinese Terms/ 3L R E
1 |(Chinese) Character P
2 |Character-root FHR
3 [Radical HE
4 |Stroke %
5 [Stroke Table ERR
6 [Stroke Classification EX 52K
7 |Class xR
8 |Class HENG S
9 |Class SHU 38
10 |[Class PIE N
11 [Class NA RR
12 |Category i
13 |Primary Category of strokes BRI
14 |Compound Category of strokes E R
15 |Group | 4
16 |Group Left of strokes IR,
17 |Group Right of strokes HERIH
18 |Dian =
19 |Input Method BINYE
20 [Relative Stroke Positions AR RO E
21 |Character Combination 1] (4H)

Figure 17
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