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The three stages of recursive entry of text for the word “THE”.
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Figure 1: Mapping of alphabetic characters onto the line segment (0..1)

Figure 2 : Mapping of all strings of length 2 starting with the character “A” onto
the line segment between 1/27 and 2/27.
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Figure 3 : The first stage of a practical mechanism for text entry based on the
recursive linear mapping of characters.
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Figure 4 : The three stages of recursive entry of text for the word “THE".
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Figure 5 : Probabilistic key sizing of a linear keyboard rectangle.
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Figure 6 : Probabilistic keyboard warping of a linear keyboard rectangle.
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Figure 8 : Ring keyboard configuration with proabilistic key sizing.
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Figure 10A : Traditional keyboard layout as template for two-dimensional

recursive entry of text.
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Figure 10B : A square configuration for two-dimensional recursive entry of text.
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Figure 11 : The rectangular template for two-dimensional recursive entry of text.
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Figure 16: Rectangular template with probabilistic key sizing.

Figure 17: Rectangular template with probabilistic key sizing and omission of
characters of lesser probability,



U.S. Patent Jul. 6,2021 Sheet 18 of 18 US 11,054,981 B2

et 1800

Figure 18 : Rectangular template with probabilistic keyboard warping.
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1
PAN-ZOOM ENTRY OF TEXT

FIELD

The present disclosure relates generally to methods and
apparatuses for text entry. Embodiments of the disclosed
invention enable inputting of symbol strings via panning and
zooming on multi-touch screens of hand-held devices.

BACKGROUND

The miniaturization of computational and storage
resources, their power reduction, and the improved resolu-
tion of small displays, has resulted in modern handheld
devices such as smart-phones and mini-tablets being more
powerful than the previous generation of laptop and desktop
computers. Nonetheless these small devices with their
diminutive physical or virtual keyboards are generally
deemed appropriate for content consumption, while physi-
cally large keyboards are considered preferable for large-
scale content creation.

Continuous speech recognition is not yet accurate enough
to completely eliminate this disadvantage of handheld
devices, and handwriting recognition seems neither suffi-
ciently accurate nor even appropriate for small devices.
Large external keyboards, whether physical or virtual, can
be used as auxiliary peripherals, but are not germane in all
usage modes of handheld devices.

The miniature keyboards of handheld devices, whether
physical or purely virtual, suffer from two drawbacks. They
are slow due to their being operated using one finger or two
thumbs; and second, and they are error-prone due to the
close spacing of the keys. Previous inventions have focused
on enabling faster typing using swiping motions rather than
the more time-consuming finger-up/finger-down actions, or
on improvement in both speed and accuracy by predicting
the following characters or words, thus enabling the user to
altogether bypass typing the remaining characters.

Modern handheld devices incorporate touch-screens with
multi-touch capabilities, that is, the touch-screen is simul-
taneously sensitive to the actions of more than one finger on
the touch-screen. This technology has been instrumental in
realizing highly natural and efficient human-device interac-
tion, but is primarily used to recognize gestures (such as
scroll, pinch, and rotate) that influence the experiencing of
existing content.

Embodiments of the present invention eliminate the draw-
backs of handheld device text entry by exploiting multi-
touch capabilities and a mathematical mapping of symbol
strings of arbitrary length into geometric regions of finite
extent.

SUMMARY

The present disclosure describes methods and apparatuses
for text entry that exploit mathematical mappings of symbol
strings of arbitrary length onto unique points inside finite-
sized geometric regions. Strings with a common prefix are
mapped onto neighboring points, and longer strings require
higher degrees of magnification, rather than larger geometric
regions. In various embodiments this geometric region may
be a one-dimensional line segment, or a two-dimensional
rectangle, or a three-dimensional rectangular prism.

Embodiments of the invention display the aforementioned
geometric region, and enable a user to locate the unique
point corresponding to desired text of arbitrary length by
recursively performing pan and zoom operations. This is in
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contrast to the use of a conventional physical or virtual
keyboard wherein the user sequentially taps character after
character of a desired text string. In embodiments wherein
the region is one or two dimensional, the pan and zoom
operations may be performed on a multi-touch display of a
hand-held device. In an embodiment wherein the region is a
three-dimensional rectangular prism, the pan and zoom
operations may be performed using spatial gestures inter-
acting with a holographic display.

In pan-zoom entry of a text string, panning selects the
prefix of the string, zooming in to higher magnification
results in observing longer strings, and zooming out to lower
magnification results in observing shorter strings. Entire
messages may be entered in one continuous operation by
zooming in to sufficient magnification for the point corre-
sponding to the text of the entire message to be observable.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 depicts the mapping of alphabetic characters (i.e.,
strings of length 1) into the line segment (0 . . . 1),
representing the first stage of a recursive mapping of arbi-
trary character strings into that line segment.

FIG. 2 depicts the mapping of strings of length up to 2
starting with the character “A” into the line segment
[1/27 . ..2/27).

FIG. 3 depicts the first stage of a practical mechanism for
text entry based on the recursive linear mapping of charac-
ters. Each rectangle represents the line segment into which
strings starting with a particular character are mapped.

FIG. 4 depicts the three stages of pan-zoom entry of text
for the word “THE”. At the first stage the user sces a
keyboard rectangle wherein only the first characters are
visible, and the user zooming in on the key marked “T”.
Once sufficiently zoomed, the user perceives that this key is
itself recursively subdivided in the same manner as the
original keyboard, and zooms in on the key “H”. Once again
the user perceives that the key “H” is recursively subdivided
and contains the keys of the original keyboard, and finally
locates the key “E”.

FIG. 5 depicts probabilistic sizing of a linear keyboard
rectangle. In this example each key has width proportional
to its relative frequency in the English language, without
regard to context. Only the keys corresponding to the ten
most probable characters are marked, the characters of the
unmarked keys becoming visible upon zooming.

FIG. 6 depicts probabilistic keyboard warping of a linear
keyboard rectangle. In this example the width of key is
proportional to its character’s relative frequency in the
English language, without regard to context. Only keys
corresponding to the 10 most probable characters are
marked. Regions of contiguous low-probability keys are
amalgamated into one key region, the individual characters
only beoming visibile upon zooming.

FIG. 7 depicts an alternative keyboard configuration
wherein the keys are laid out in a ring.

FIG. 8 depicts a ring keyboard configuration with proba-
bilistic sizing of the keys. Only the 15 most probable keys
are marked.

FIG. 9A depicts the mapping onto a rectangle of strings of
length one from a hypothetical alphabet of 4 letters A, B, C,
D. Each string maps onto a unique point.

FIG. 9B depicts the mapping of FIG. 9A and additionally
delineates the regions corresponding to strings starting with
each letter.
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FIG. 9C depicts the mapping onto a rectangle of strings of
length two from a hypothetical alphabet of 4 letters A, B, C,
D. Each string maps onto a unique point.

FIG. 9D depicts the mapping of FIG. 9C and additionally
delineates the regions corresponding to strings starting with
the corresponding two-letter prefix.

FIG. 9E depicts the mapping onto a rectangle of strings of
length up to two (i.e., of lengths one or two) from a
hypothetical alphabet of 4 letters A, B, C, D. Each string
maps onto a unique point.

FIG. 9F depicts the mapping onto a rectangle of strings of
length up to three (i.e., of lengths one, two, or three) from
a hypothetical alphabet of 4 letters A, B, C, D. Each string
maps onto a unique point.

FIG. 10A depicts the use of a traditional “QWERTY”
keyboard layout as an initial geometric region for two-
dimensional pan-zoom entry of text. It is clear that much of
the area of a bounding rectangle is wasted.

FIG. 10B depicts the use of a square initial geometric
region for two-dimensional pan-zoom entry of text. Use of
a square eliminates waste and simplifies the definition of a
recursive mapping, but strongly constrains the number of
characters that can be simultaneously be manipulated.

FIG. 11 depicts the use of a rectangular initial geometric
region for two-dimensional pan-zoom entry of text. Use of
a rectangle relieves the constraints on the number of char-
acters that can be simultaneously be manipulated.

FIG. 12A-12H depict a sequence of combined pan zoom
operations using the rectangular initial geometric region in
order to enter the character “E”. Note that once the zoom is
sufficient the selected character appears, and at a yet higher
zoom level the recursive subdivision of the key becomes
visible.

FIGS. 13A-13E depict entry of the character “V” after the
entry of the character “E” in the previous figure. Once again
once the zoom is sufficient the selected character is added to
the string entered, and at a yet higher zoom level the
recursive subdivision of the key becomes visible, in prepa-
ration for the entry of the next.

FIG. 14A-14E depicts entry of yet another character “E”
after the entry of the characters “EV” in the previous figures.

FIG. 15A-15E depicts completion of entry of the word
“EVEN” by entry of the character “N” after the entry of the
characters “EVE” in the previous figures.

FIG. 16 depicts the use of a rectangular initial geometric
region with probabilistic key sizing. Characters of lesser
probability are relegated to the bottom left key region.

FIG. 17 depicts the use of the rectangular initial geometric
region with probabilistic key sizing and omission of char-
acters of lesser probability. The user more readily perceives
the more probable characters, but the panning and zooming
actions remain identical to those of the previous case.

FIG. 18 depicts the use of the rectangular initial geometric
region with probabilistic keyboard warping. In addition to
omission of characters with low probability, contiguous
regions of such characters are merged and their areas non-
linearly warped, in order to emphasize regions of high
probability.

DETAILED DESCRIPTION

Pan-zoom entry of text is based on the mapping of symbol
strings into geometric regions of finite extent. Given N
possible symbols there are N distinct symbol strings of
precisely length L, and (N**'-1)/(N-1)-1 distinct non-
empty strings of length up to L. For large L this is an
exponentially large number, and hence it is non-intuitive that
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4

such a large number of possible symbol strings can be
injectively mapped into a finite geometric area. (An injective
mapping is a correspondence of every string to a unique
point in the geometric area. Such a mapping may be “into”
the geometric region, and need not be “onto” the region, i.e.,
there may be points in the geometric region not correspond-
ing to any string.) On the other hand there are a nondenu-
merably infinite number of points on a finite length line
segment or in a finite area rectangle, and a denumerably
infinite number of such points even when we limit ourselves
to rational coordinates. This means that there are more
points in such finite geometric regions than the number of
strings, even if we allow strings of infinite length! Further-
more, there are precisely the same number of points with
rational coordinates in any geometric region as there are
symbol strings (once again including infinitely long strings).

If there are enough points in finite size geometric regions
to accommodate symbol strings of arbitrary length, then
there is an injective mapping of symbol strings to points in
the geometric regions. As the simplest example consider the
line segment (0 . . . 1) that contains all points from zero to
one (not inclusive). It is easy to show that we can map
strings of arbitrary length containing only symbols corre-
sponding to the digits {1, 2,3, 4, 5, 6, 7, 8, 9} into this line
segment by simply inserting the prefix “0.” before each
string and interpreting the result as a rational number. For
example, the string “987654321” uniquely maps to the point
0.987654321 which is on the aforementioned line segment.
More generally, the string “1” uniquely maps to the point
0.1, and all strings starting with “1” map to somewhere on
the line segment [0.1 . . . 0.2). Similarly, the string “2”
uniquely maps to 0.2, and all strings starting with “2” map
to somewhere on [0.2 . . . 0.3), the line segment between 0.2
and 0.3, not including the latter. Note that the mapping is
injective but not bijective; that is, every string maps onto a
unique point on the line segment, but not every point on the
line corresponds to a string (for example, O corresponds to
the empty string, none of the points below 0.1 or those
strictly between 0.1 and 0.11 correspond to any finite string).

This mapping of the string of digits “D;, D, D, . . .
D, ...D,” to a point p between 0 and 1 is recursive in the
following sense. We initialize a recursive procedure by
setting the initial point p(0)=0 and the initial length I.(0)=1.
At the first stage we divide the interval length by 10:
L(1)=1(0)/10, and calculate p(1)=p(0)+D,*L(1). At the sec-
ond stage we update the interval length 1.(2)=I(1)/10, and
then p(2)=p(1)+D,*L(2). We continue in a similar fashion,
with the recursion relation at the k” stage being p(k)=p(k—
1)+D,*L(k). For a finite length string of N digits the
recursion terminates after N stages.

One can similarly define a mapping for strings containing
arbitrary non-numerical symbols into the same line segment
(0 ...1). In FIG. 1 we see the mapping of the 26 (capital)
characters of the Latin alphabet, which are labeled 101, into
the line segment (0 . . . 1), which is labeled 100. The string
consisting of the single character “A” is mapped onto the
point 1/27, the string consisting of the single character “B”
onto the point 2/27, etc. up to the point “Z” being mapped
onto the point point 26/27. The values to which each single
character string is mapped are labeled 102.

Strings of length 2 or larger are mapped between the
points shown in the figure, via a recursion similar to that
described above for strings of digits. The recursion starts by
setting the point equal to 0, corresponding to the empty
string. The first stage considers the line segment (0 ... 1) and
moves the point to the right until reaching the point corre-
sponding to the first character. In the second stage we






