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(57) ABSTRACT 
Methods and apparatuses are provided for improving word 
prediction in an electronic device. User input of one or more 
characters is received via a capacitive physical keyboard hav 
ing a plurality of input members. Concurrently, the device 
determines the location of a non-typing digit, such as the 
user's finger or a stylus. Word prediction candidates are gen 
erated and weighted, and candidates that have Subsequent 
characters associated with the input member proximal to the 
location of the non-typing digit are given more weight. The 
word prediction candidates are displayed, a second user input 
is then received comprising a selection of one of the candi 
dates, and the device displays the selected word prediction 
candidate on the display. 
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METHOD AND APPARATUS FOR WORD 
PREDCTION USING THE POSITION OFA 

NON-TYPING DIGIT 

FIELD 

0001. This application generally relates to input method 
ologies for electronic devices, such as handheld electronic 
devices, and more particularly, to methods for enhancing 
word prediction algorithms using positional data associated 
with the location of a non-typing, or idle, digit of a user on a 
keyboard. 

BACKGROUND 

0002 Advances in technology permit electronic devices, 
Such as computers, netbooks, cellular phones, Smartphones, 
personal digital assistants, tablets, etc., to process text input 
increasingly quickly and on increasingly smaller devices and 
keyboards. Examples include word prediction and disam 
biguation algorithms configured to suggest or recommend 
during the input process and, in some instances before the 
process is completed, words that users are trying to input. 
These functions increase both data entry speed and accuracy. 
Many users now demand and depend on these features. Nev 
ertheless, further optimization of word prediction and textual 
entry is required for rapid entry of words. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0003 FIG. 1 is an example block diagram of an electronic 
device, consistent with embodiments disclosed herein. 
0004 FIGS. 2A-2B show examples of an electronic 
device, consistent with embodiments disclosed herein. 
0005 FIGS. 3A-3B show further examples of an elec 
tronic device, consistent with embodiments disclosed herein. 
0006 FIG. 4 is a flow chart showing an example word 
prediction process, consistent with embodiments disclosed 
herein. 
0007 FIGS. 5A-5G are diagrams further illustrating the 
word prediction process, consistent with embodiments dis 
closed herein. 

DETAILED DESCRIPTION 

0008 Reference will now be made in detail to the dis 
closed example embodiments, examples of which are illus 
trated in the accompanying drawings. Wherever possible, the 
same reference numbers will be used throughout the draw 
ings to refer to the same or like parts. 
0009 Use of the indefinite article “a” or “an in the speci 
fication and the claims is meant to include one or more than 
one of the feature that it introduces, unless otherwise indi 
cated. Thus, the term “a set of characters' as used in “gener 
ating a set of characters' can include the generation of one or 
more than one set of characters. Similarly, use of the definite 
article “the or “said, particularly after a feature has been 
introduced with the indefinite article, is meant to include one 
or more than one of the feature to which it refers (unless 
otherwise indicated). For example, the term “the generated 
set of characters' as used in “displaying the generated set of 
characters' includes displaying one or more generated set of 
characters. Directional references to graphical user interface 
(GUI) elements, such as top and bottom, are intended to be 
relative to a current screen orientation (which may be 
changed) rather than any physical orientation of the host 
device. 
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0010 Methods and apparatuses are provided to increase 
the speed of word entry by incorporating positional data 
associated with the location of the idle thumb on the keyboard 
during text entry by enhancing word prediction algorithms. 
0011. In one embodiment, a method is disclosed for oper 
ating an electronic device having a display and a keyboard 
having a plurality of input members for receiving inputs. The 
method includes receiving an input of one or more characters 
by a first typing digit. Additionally, the method includes 
detecting a position of a non-typing digit that is different from 
the typing digit, and generating a set of word prediction 
candidates based on the input and the detected position of the 
non-typing digit. The method further includes weighting the 
word prediction candidates in the set, and adjusting weights 
for word prediction candidates with Subsequent characters 
corresponding to input members proximal to the detected 
position of the non-typing digit. Further, the method includes 
displaying select ones of the word prediction candidates. 
0012. In another embodiment, an electronic device having 
a display and a keyboard having a plurality of input members 
for receiving inputs is disclosed. The device further com 
prises a memory containing instructions, and one or more 
processors configured to execute the instructions. The one or 
more processors are configured to execute the instructions to 
receive an input of one or more characters by a first typing 
digit. Additionally, the one or more processors are configured 
to detect a position of a non-typing digit that is different from 
the typing digit, and generate a set of word prediction candi 
dates based on the input and the detected position of the 
non-typing digit. The one or more processors are configured 
to weight the word prediction candidates in the set, and adjust 
weights for word prediction candidates with Subsequent char 
acters corresponding to input members proximal to the 
detected position of the non-typing digit. Further, the one or 
more processors are configured to display select ones of the 
word prediction candidates. 
0013 FIG. 1 is a block diagram of an electronic device 
100, consistent with example embodiments disclosed herein. 
Electronic device 100 includes multiple components, such as 
a main processor 102 that controls the overall operation of 
electronic device 100. Communication functions, including 
data and Voice communications, are performed through a 
communication subsystem 104. Data received by electronic 
device 100 is decompressed and decrypted by a decoder 106. 
The communication Subsystem 104 receives messages from 
and sends messages to a network 150. Network 150 can be 
any type of network, including, but not limited to, a wired 
network, a data wireless network, Voice wireless network, and 
dual-mode wireless networks that support both voice and data 
communications over the same physical base stations. Elec 
tronic device 100 can be a battery-powered device and 
include a battery interface 142 for receiving one or more 
batteries 144. 

0014 Main processor 102 is coupled to and can interact 
with additional Subsystems such as a Random Access 
Memory (RAM) 108; a memory 110, such as a hard drive, 
CD, DVD, flash memory, or a similar storage device; one or 
more actuators 120; one or more capacitive sensors 122; an 
auxiliary input/output (I/O) subsystem 124; a data port 126; a 
speaker 128; a microphone 130; short-range communications 
132; other device subsystems 134; and a touchscreen 118. 
0015 Touchscreen 118 includes a display 112 with a 
touch-active overlay 114 connected to a controller 116. User 
interaction with a graphical user interface (GUI). Such as a 
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virtual keyboard rendered on the display 112 as a GUI for 
input of characters, or a web-browser, is performed through 
touch-active overlay 114. Main processor 102 interacts with 
touch-active overlay 114 via controller 116. Characters, such 
as text, symbols, images, and other items are displayed on 
display 112 of touchscreen 118 via main processor 102. Char 
acters are input when, for example, a user touches the touch 
screen at a location associated with said character. 

0016 Touchscreen 118 is connected to and controlled by 
main processor 102. Accordingly, detection of a touch event 
and/or determining the location of the touch event can be 
performed by main processor 102 of electronic device 100. A 
touch event includes in Some embodiments, a tap by a digit, 
Such as a finger, a Swipe by a digit, a Swipe by a stylus, a long 
press by a digit or a stylus, or a press by a digit for a prede 
termined period of time, and the like. 
0017 While specific embodiments of a touchscreen are 
described, any suitable type of touchscreen for an electronic 
device can be used, including, but not limited to, a capacitive 
touchscreen, a resistive touchscreen, a surface acoustic wave 
(SAW) touchscreen, an embedded photo cell touchscreen, an 
infrared (IR) touchscreen, a strain gauge-based touchscreen, 
an optical imaging touchscreen, a dispersive signal technol 
ogy touchscreen, an acoustic pulse recognition touchscreen 
or a frustrated total internal reflection touchscreen. The type 
of touchscreen technology used in any given embodiment 
will depend on the electronic device and its particular appli 
cation and demands. 

0018 Main processor 102 can also interact with a posi 
tioning system 136 for determining the location of electronic 
device 100. The location can be determined in any number of 
ways, such as by a computer, by a Global Positioning System 
(GPS), either included or not included in electric device 100, 
through a Wi-Fi network, or by having a location entered 
manually. The location can also be determined based on cal 
endar entries. 

0019. In some embodiments, to identify a subscriber for 
network access, electronic device 100 uses a Subscriber Iden 
tity Module or a Removable User Identity Module (SIM/ 
RUIM) card 138 inserted into a SIM/RUIM interface 140 for 
communication with a network, such as network 150. Alter 
natively, user identification information can be programmed 
into memory 110. 
0020 Electronic device 100 also includes an operating 
system 146 and programs 148 that are executed by main 
processor 102 and are typically stored in memory 110. Addi 
tional applications may be loaded onto electronic device 100 
through network 150, auxiliary I/O subsystem 124, data port 
126, short-range communications Subsystem 132, or any 
other suitable subsystem. 
0021. A received signal Such as a text message, an e-mail 
message, an instant message, or a web page download is 
processed by communication Subsystem 104 and this pro 
cessed information is then provided to main processor 102. 
Main processor 102 processes the received signal for output 
to display 112, to auxiliary I/O subsystem 124, or a combi 
nation of both. A user can compose data items, for example 
e-mail messages, which can be transmitted over network 150 
through communication Subsystem 104. For Voice commu 
nications, the overall operation of electronic device 100 is 
similar. Speaker 128 outputs audible information converted 
from electrical signals, and microphone 130 converts audible 
information into electrical signals for processing. 
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(0022 FIGS. 2A-2B illustrate examples of electronic 
device 100. FIG. 2A illustrates a touchscreen 118 and a key 
board 220. In some embodiments, keyboard 220 is a capaci 
tive physical keyboard, comprising a series of input members 
comprising key covers overlaid on top of physical or elec 
tronic dome Switches. Further, the capacitive physical key 
board contains actuators 120 and capacitive sensors 122 that 
permit both tactile input via depression of the key covers on 
top of the actuators 120 and gesture input via capacitive 
sensors 122. The input resolution of keyboard 220 is at least 
to the level of a single input member; in other words, respon 
sive to an input received via keyboard 220, processor 102 is 
capable of detecting which one of the plurality of input mem 
bers of keyboard 220 was contacted. In some embodiments, 
an input received via keyboard 220 can be localized to precise 
coordinates in the X and Y directions on the keyboard via 
capacitive sensors 122. Alternatively, keyboard 220 may be a 
virtual keyboard displayed on touchscreen 118. In some 
embodiments, keyboard 220 can additionally sense the posi 
tion of a digit hovering proximal to one or more input mem 
bers of the keyboard, Such as a thumb or finger of a user, or a 
stylus. Hovering digits may be sensed by capacitive sensors 
122. 

0023. As used herein, a “key press’ input received by 
keyboard 220 means a depression of one of the plurality of 
input members associated with one of the actuators 120 to an 
extent that is Sufficient to engage the physical or electronic 
dome switch associated with that key. In contrast, a “tap' 
input received by keyboard 220 means a touch input of one of 
the plurality of input members associated with one of the 
actuators 120 for a duration less than or equal to about 0.5 
seconds which does not engage the physical or electronic 
dome Switch associated with that input member. In some 
embodiments, keyboard 220 may be configured in a manner 
such that the duration of a tap input may be more than 0.5 
seconds. In alternative embodiments, keyboard 220 may be 
configured in a manner Such that the duration of a tap input 
may be more than 0.5 seconds. The input may be registered by 
one or more capacitive sensors 122. Alternatively, in some 
embodiments keyboard 220 may be a virtual keyboard imple 
mented with touchscreen 118, which, like a capacitive physi 
cal keyboard, is programmable to distinguish between differ 
ent types of touch events like the key press and tap inputs 
described above. For example, the virtual keyboard may dis 
tinguish these types of events based on pressure sensed on 
touchscreen 118, or by measuring the duration of a touch 
event. 

0024. The position of the keyboard 220 is variable relative 
to touchscreen 118. The touchscreen 118 can be configured to 
detect the location and possibly pressure of one or more 
objects at the same time. The touchscreen 118 includes two 
input areas: (1) the keyboard 220, which includes a plurality 
of input members, each input member corresponding to one 
or more different characters of a plurality of characters; and 
(2) a viewing pane 230 which displays a predetermined 
amount of text from a document under composition. In the 
example, the keyboard 220 is located below the viewing pane 
230. Other locations for the input areas 220 and 230 are 
possible. For example, the keyboard 220 could be located at 
the top of the touchscreen 118, and the viewing pane 230 
could be located below the keyboard 220. In yet other 
examples, the viewing pane 230 could be omitted. 
0025. The amount of text in viewing pane 230 from the 
document under composition may be limited to a predeter 
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mined number of lines of text, for example, 10 lines. The 
document under composition may be any type of document 
for any application which Supports the keyboard 220. Such as 
an email or other messaging application. 
0026. As shown in FIG. 2A, keyboard 220 is a standard 
QWERTY keyboard layout; however, any keyboard layout 
can be displayed for use in the device, such as AZERTY. 
QWERTZ, or a layout based on the International Telecom 
munication Union (ITU) standard (ITU E.161) having 
“ABC on key 2, "DEF" on key 3, and so on. Keyboard 220 
includes various input members that can provide different 
inputs. Such as punctuation, letters, numbers, enter or return 
keys, and function keys. While keyboard 220 is shown as 
having a square shape, it can have any other shape (such as an 
oval). 
0027. As shown in FIG. 2A, electronic device 100 receives 
text input from keyboard 220. In this example, the device 
receives entry of the character “n” via key press input 280 by 
right thumb 270 and outputs it to the left of cursor 240 within 
viewing pane 230. Concurrently with the input of “n” device 
100 and the capacitive sensors 122 of keyboard 220 monitor 
the position of the non-typing, or idle, digit. As used herein, 
"idle' or “non-typing” means active on keyboard 220, but not 
operationally engaged. Conversely, the “typing digit is both 
active on keyboard 220 and operationally engaged. 
0028. In FIG. 2A, the non-typing digit is left thumb 250. 
Although in this example both digits are thumbs, in this case 
left thumb 250 and right thumb 270, various digits may be 
used. Such as thumbs and fingers. In some embodiments, a 
stylus may alternatively be used. Keyboard 220 senses that 
left thumb 250 is resting on 'e' key 260. This non-typing digit 
position data is used by device 100 to generate and display 
word prediction candidates using a word prediction algo 
rithm. In some embodiments, the non-typing digit may be 
merely hovering over keyboard 220 and not actually in con 
tact with the input members, and its position may be sensed 
through capacitive sensing methods by capacitive sensors 
122. The candidate or candidates are presented in candidate 
ribbon 290 proximal to cursor 240 within viewing pane 230. 
In other embodiments, word prediction candidates may be 
displayed in other locations on viewing pane 230 and in 
different formats. 

0029. In some embodiments, keyboard 220 may be effec 
tively “divided by processor 102 for purposes of word pre 
diction candidate generation. Word prediction candidates 
may be generated and displayed by these methods based on 
words that begin with the characters input by the typing digit. 
In the example illustrated in FIG. 2A, right thumb 270 has 
entered character “n” which in a QWERTY keyboard layout 
is located on the right side of keyboard 220. Prediction can 
didates are then generated based on Subsequent characters 
that are located on the left side of keyboard 220 near the 
position of idle left thumb 250. For example, in FIG. 2A, 
within candidate ribbon 290, the prediction candidate “none' 
is presented based on context of the sentence being typed and 
the position of left thumb 250. In some embodiments, the 
character or characters associated with the non-typing digit 
position data may be displayed by device 100 with distin 
guishing visual indicia to indicate to the user a shortcut for 
selecting that particular candidate. In FIG. 2A, the character 
“e associated with input member 260, is underlined. In other 
embodiments, device 100 may provide other visual indicia 
for the “non-typing digit' character, Such as displaying the 
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character in a different color, displaying the character in a 
different font, displaying the character in a different size font, 
etc. 

0030. In FIG. 2B keyboard 220 receives input of the char 
acter “n” from right thumb 275 on input member 285, and 
displays the character to the left of cursor 240. In this 
example, left thumb 255 is resting on input member 265, 
which corresponds to the letter “s.” Based on this position 
information, the prediction candidate “noise' is displayed in 
candidate ribbon 295. In FIG. 2B the character “s’ corre 
sponding to the position of the non-typing digit is displayed as 
underlined in candidate ribbon 295 to signal to the user an 
input member that can be pressed to quickly select the pre 
diction candidate. 

0031 Electronic device 100 may generate and select for 
display word prediction candidates based on various criteria 
and methods. In some embodiments, word prediction candi 
dates may be drawn from a dictionary stored within device 
100, for example, in memory 110. In other embodiments, 
candidates may be weighted based on various factors. The 
factors may include, but are not limited to, rate of previous 
usage by the user, context from other inputted words received, 
geographical location of the user, etc. In some embodiments, 
candidates may be weighted based on prior determinations of 
the input member that was eventually input when the non 
typing digit was in a particular starting position. 
0032 FIGS. 3A-3B illustrate further examples of elec 
tronic device 100. In the example illustrated in FIG.3A, right 
thumb 370 has entered character “n” Prediction candidates 
are then generated based on Subsequent characters that are 
located on the keyboard 220 near the position of idle left 
thumb350. In candidate ribbon 390, multiple wordprediction 
candidates are displayed. In some embodiments, the display 
order of the word prediction candidates within candidate 
ribbon 390 may be altered based on various criteria; for 
example, device 100 may give more weight to candidates 
whose next or Subsequent character input member is proxi 
mal to the detected position of the non-typing digit. As an 
example, in FIG.3A, the candidates are displayed from left to 
right based on context and the detected location of idle left 
thumb 350, with prediction candidates “noise' and “note” 
displayed as the most likely candidates for selection. “Noise' 
and “note' are displayed first since idle left thumb 350 is 
detected on 'e' input member 360. In some embodiments, 
word prediction candidates that have the highest weight may 
be displayed by device 100 with distinguishing visual indicia. 
As an example, in FIG. 3A, top prediction candidate “noise” 
is displayed in italics. In some embodiments, the character or 
characters associated with the non-typing digit position data 
may be displayed by device 100 with distinguishing visual 
indicia to indicate to the user a shortcut for selecting that 
particular candidate. In FIG. 3A, the character in each of the 
word prediction candidates in candidate ribbon 390 that is 
proximal to idle left thumb 350 is underlined. In other 
embodiments, device 100 may provide other visual indicia 
for the “non-typing digit' character, Such as displaying the 
character in a different color, displaying the character in a 
different font, displaying the character in a different size font, 
etc 

0033. In FIG.3B, keyboard 220 receives input of the char 
acter “n” from right thumb 375 on input member 385, and 
displays the character to the left of cursor 240. In this 
example, left thumb 355 is resting on input member 365, 
which corresponds to the letter “s.” Based on this position 
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information, various prediction candidates are again dis 
played in candidate ribbon 395. As compared to FIG. 3A, the 
candidates in FIG. 3B are displayed in candidate ribbon 395 
in a different order, due to non-typing left thumb 355 being 
detected in a different position on keyboard 220 than non 
typing left thumb 350. In this example, “noise' is the top 
prediction candidate rather than “none.” and as Such, it is 
displayed at the far left of candidate ribbon 395 and in italics. 
0034 FIG. 4 is a flow chart showing an example word 
prediction process 400. Electronic device 100 receives text 
input via keyboard 220 by a first digit of a plurality of char 
acters (Step 410). Using information from keyboard 220 and 
capacitive sensors 122, device 100 detects the location of a 
second, non-typing digit (Step 420). Additionally, keyboard 
220 and capacitive sensors 122 may detect a position of the 
non-typing digitat the end of multiple time points. From these 
time points, the motion of the non-typing digit can be mea 
Sured from an origination point to a particular input member 
of keyboard 220 serving as a destination. Using this motion 
information, device 100 may generate a movement vector for 
the non-typing digit (Step 430). 
0035 Electronic device 100 generates a set of word pre 
diction candidates based on characters input by the typing 
digit, and further based on the detected position and motion 
information for the non-typing digit (Step 440). The set of 
word prediction candidates may be generated based on prior 
inputs by the user, sentence context, or other known means. 
Electronic device 100 biases or weights the word prediction 
candidates in the set based on various probabilities and pre 
determined criteria (Step 450). In one embodiment, a word 
prediction candidate may have a higher probability of selec 
tion based on prior usage of the word by the user. In one 
embodiment, a word prediction candidate may alternatively 
have a higher probability of selection based on context clues 
within the typing task. In one embodiment, a word prediction 
candidate may alternatively have a higher probability of 
selection based on historical usage by other users of the 
language. 
0036 Based on the position and motion data of the non 
typing digit, processor 102 determines the word prediction 
candidates which possess Subsequent characters correspond 
ing to input members of keyboard 220 proximal to the 
detected position of the non-typing digit (Step 460). As used 
herein, “proximal' in the context of keyboard 220 means 
within a distance of one input member in all directions. Pro 
cessor 102 adjusts the weighting or bias within the set of word 
prediction candidates to enhance the likelihood that one or 
more of the select candidates which possess Subsequent char 
acters corresponding to input members of keyboard 220 
proximal to the detected position of the non-typing digit are 
presented to the user for selection (Step 470). In some 
embodiments, the weight of candidates which possess Subse 
quent characters corresponding to input members of key 
board 220 proximal to the detected position of the non-typing 
digit may be increased. In other embodiments, the weight of 
characters who do not possess Such characters may be 
decreased. In some embodiments, word prediction candidates 
in which the next characteris the same as the input member on 
which the non-typing digit is resting may be given the highest 
weight, followed by candidates with Subsequent characters 
the same as the input member on which the non-typing digit 
is resting, etc. 
0037 Word prediction process 400 proceeds with proces 
Sor 102 generating a set of select word prediction candidates 
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based on the results of the weighting process. Those candi 
dates are then displayed on display 112 for selection (Step 
480). The candidates may be displayed by various methods 
and in various places on display 112 and touchscreen 118. 
The candidates may be displayed proximal to cursor 240 in a 
ribbon such as candidate ribbon 290 displayed in FIG. 2A. 
Alternatively, candidates may be presented in the lower half 
of display 112 and touchscreen 118 proximal to keyboard 
220. Device 100 may receive selection of a word prediction 
candidate via keyboard 220 or touchscreen 118 and display 
the selected prediction candidate within viewing pane 230 to 
the left of cursor 240. Candidates may be selected via a key 
press input on keyboard 220 by the non-typing digit, or alter 
natively may be selected by a tap input. In alternative embodi 
ments, the candidate may be selected by the typing digit. 
0038 FIGS. 5A-5G provide further illustration of the 
word prediction process. In the example illustrated in FIG. 
5A, device 100 is about to perform Step 420 of word predic 
tion process 400. As can be further seen in FIG. 5B, keyboard 
220 has received input of the characters “n” and “o' from the 
typing digit. Processor 102 generates an initial set of word 
prediction candidates based on the received characters “n” 
and “o' and other predetermined criteria. In FIG. 5B, device 
100, via capacitive sensors 122, detects the position of the 
non-typing digit at the left side of space bar 510. The arrows 
520 in FIG. 5B indicate “perfect” motion vectors that would 
represent movement of the non-typing digit to input members 
a.” “s,” “e,” and “r” respectively, of keyboard 220. 
0039. In Step 430 of word prediction process 400, the 
actual motion vector of the non-typing digit is calculated. As 
illustrated in FIG. 5C, the “actual motion vector can be 
compared to “perfect motion vectors for the various input 
members of keyboard 220 to predict movement and possible 
word prediction candidates. FIG.5D is an illustration of Steps 
450-470 of word prediction process 400 based on the detected 
motion of the non-typing digit shown in FIG.5C. After giving 
initial weight to word prediction candidates (such as that 
illustrated in FIG. 5A), processor 102 receives the detected 
position and motion information of the non-typing digit from 
keyboard 220 and capacitive sensors 122, then adjusts the 
weighting of the prediction candidates based on the informa 
tion. In the example illustrated in FIGS. 5C-5D, the closest 
input member to the actual detected motion vector of the 
non-typing digit is the 'e' input member. Therefore, proces 
sor 102 adjusts the weight of prediction candidates who have 
a subsequent character of “e.” As shown in FIG.5D, processor 
102 increases the weight of the prediction candidate “none.” 
from 60 to 96, based on the detected position and motion 
information of the non-typing digit. Therefore, “none' 
becomes the most likely prediction candidate. Smaller prob 
abilities were assigned in FIG.5D for the input members “r” 
and “s.” and thus processor 102 increases the weight of pre 
diction candidates having those characters as Subsequent 
characters, but by a smaller amount. In some embodiments, 
processor 102 may adjust weights of prediction candidates by 
differing amounts based on where a character proximal to the 
non-typing digit is within the candidate. For example, a pre 
diction candidate whose next character is the character proxi 
mal to the non-typing digit may have its weight adjusted by a 
higher magnitude than a candidate that contains that charac 
ter, but later in the word. 
0040 FIGS. 5E-5F illustrate further examples of word 
prediction process 400. In FIG. 5E, the actual motion vector 
for the non-typing digit measured in Step 430 is found to be 
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closest to a path to the input member of keyboard 220. 
Thus, in FIG.5F, processor 102 adjusts candidates with later 
character “s” the most, followed by candidates with later 
characters 'e' and “a, which were determined to have lower 
probabilities based on the detected motion vector. In the 
example of FIG. 5F, the top candidate remains “north.” 
despite not having a later character of “s.” “e.” or “a.” In this 
example, processor 102 may have other reasons to have 
“north' rated higher than candidates such as “noise' or 
“note. Such as sentence context, prior usage by the user, etc. 
0041. Though depicted in FIGS. 5C and 5E as straight 
lines, the actual motion vectors detected and generated by 
device 100 and keyboard 220 may not be straight lines. In 
some embodiments, the vectors may be curved. Alternatively, 
the vectors may be interrupted, or may represent wandering 
paths of the non-typing digit. 
0042 FIG. 5G illustrates a further schematic for word 
prediction process 400, and corresponds to FIGS.5C-5D. The 
top line represents the typing digit, which in this example is 
the rightthumb, and the bottom line represents the non-typing 
digit, which in this example is the left thumb. At the beginning 
of the scenario depicted in FIGS. 5C-5D, the typing digit 
enters the characters “n” and “o” while the non-typing digit is 
detected on the left side of spacebar 510. The shaded box 
represents the measurement detection period for the position 
and motion of the non-typing digit. The vertical line repre 
sents the end of the measurement detection period, which 
essentially serves as a Snapshot of the non-typing digits 
position. After that point, the process described above in 
relation to Steps 450-470 of word prediction process 400 
takes place, based on the information gathered to the left of 
the vertical line in FIG.5G. Device 100 receives input from 
the non-typing digit after some passage of time, and it may be 
on the 'e' input member, which is the most likely based on the 
detected position, the “r” input member, which is next most 
likely, the “s’ input member, or some other input member. 
0043 Embodiments and all of the functional operations 
described in this specification can be implemented in digital 
electronic circuitry, or in computer Software, firmware, or 
hardware, including the structures disclosed in this specifica 
tion and their structural equivalents, or in combinations of 
them. Embodiments can be implemented as one or more 
computer program products, i.e., one or more modules of 
computer program instructions encoded on a computer read 
able medium, e.g., a machine readable storage device, a 
machine readable storage medium, a memory device, or a 
machine readable propagated signal, for execution by, or to 
control the operation of data processing apparatus. 
0044) The terms “electronic device' and “data processing 
apparatus' encompass all apparatuses, devices, and machines 
for processing data, including by way of example a program 
mable processor, a computer, or multiple processors or com 
puters. The apparatus can include, in addition to hardware, 
code that creates an execution environment for the computer 
program in question, e.g., code that constitutes processor 
firmware, a protocol stack, a database management system, 
an operating system, or a combination of them. A propagated 
signal is an artificially generated signal, e.g., a machine 
generated electrical, optical, or electromagnetic signal, which 
is generated to encode information for transmission to Suit 
able receiver apparatus. 
0.045. A computer program (also referred to as a program, 
Software, an application, a Software application, a Script, or 
code) can be written in any form of programming language, 
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including compiled or interpreted languages, and it can be 
deployed in any form, including as a stand-alone program or 
as a module, component, Subroutine, non-transitory form, or 
other unit Suitable for use in a computing environment. A 
computer program does not necessarily correspond to a file in 
a file system. A program can be stored in a portion of a file that 
holds other programs or data (e.g., one or more scripts stored 
in a markup language document), in a single file dedicated to 
the program in question, or in multiple coordinated files (e.g., 
files that store one or more modules, Sub programs, or por 
tions of code). A computer program can be deployed to be 
executed on one computer or on multiple computers that are 
located at one site or distributed across multiple sites and 
interconnected by a communication network. 
0046. The processes and logic flows described in this 
specification (e.g., FIG. 4) can be performed by one or more 
programmable processors executing one or more computer 
programs to perform functions by operating on input data and 
generating output. The processes and logic flows can also be 
performed by, and apparatuses can also be implemented as, 
special purpose logic circuitry, e.g., an FPGA (field program 
mable gate array) or an ASIC (application specific integrated 
circuit). 
0047 Processors suitable for the execution of a computer 
program include, by way of example, both general and special 
purpose microprocessors, and any one or more processors of 
any kind of digital computer. Generally, a processor will 
receive instructions and data from a read only memory or a 
random access memory or both. The essential elements of a 
computer are a processor for executing instructions and one 
or more memory devices for storing instructions and data. 
Generally, a computer will also include, or be operatively 
coupled to, a communication interface to receive data from or 
transfer data to, or both, one or more mass storage devices for 
storing data, e.g., magnetic, magneto optical disks, or optical 
disks. 
0048 Moreover, a computer can be embedded in another 
device. Information carriers Suitable for embodying com 
puter program instructions and data include all forms of non 
Volatile memory, including by way of example semiconduc 
tor memory devices, e.g., EPROM, EEPROM, and flash 
memory devices; magnetic disks, e.g., internal hard disks or 
removable disks; magneto optical disks; and CD ROM and 
DVD ROM disks. The processor and the memory can be 
Supplemented by, or incorporated in, special purpose logic 
circuitry. 
0049. To provide for interaction with a user, embodiments 
of the invention can be implemented on a computer having a 
display device, e.g., a CRT (cathode ray tube) or LCD (liquid 
crystal display) monitor, for displaying information to the 
user and a keyboard and a pointing device, e.g., a mouse or a 
trackball, by which the user can provide input to the com 
puter. Other kinds of devices can be used to provide for 
interaction with a user as well; for example, feedback pro 
vided to the user can be any form of sensory feedback, e.g., 
visual feedback, auditory feedback, or tactile feedback; and 
input from the user can be received in any form, including 
acoustic, speech, or tactile input. 
0050 Embodiments can be implemented in a computing 
system that includes a back end component, e.g., as a data 
server, or that includes a middleware component, e.g., an 
application server, or that includes a front end component, 
e.g., a client computer having a graphical user interface or a 
Web browser through which a user can interact with an imple 
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mentation of the invention, or any combination of such back 
end, middleware, or front end components. The components 
of the system can be interconnected by any form or medium 
of digital data communication, e.g., a communication net 
work. Examples of communication networks include a local 
area network (“LAN”) and a wide area network (“WAN”), 
e.g., the Internet. 
0051 Certain features which, for clarity, are described in 

this specification in the context of separate embodiments, 
may also be provided in combination in a single embodiment. 
Conversely, various features which, for brevity, are described 
in the context of a single embodiment, may also be provided 
in multiple embodiments separately or in any suitable Sub 
combination. Moreover, although features may be described 
above as acting in certain combinations and even initially 
claimed as such, one or more features from a claimed com 
bination can in Some cases be excised from the combination, 
and the claimed combination may be directed to a Subcom 
bination or variation of a Subcombination. 

0052 Particular embodiments have been described. Other 
embodiments are within the scope of the following claims. 

1-16. (canceled) 
17. A method for operating an electronic device having a 

display and a keyboard having a plurality of input members 
for receiving inputs, comprising: 

receiving an input of one or more characters by a first 
typing digit: 

detecting a first position of a non-typing digit while receiv 
ing the input by the first typing digit, wherein the non 
typing digit is a digit other than the typing digit: 

generating a motion vector for the non-typing digit based 
on the first position and a second position of the non 
typing digit: 

determining based on the motion vector and the second 
position a likely next input character; and 

generating at least one word prediction candidate based on 
the input and the likely next input character. 

18. The method of claim 17, further comprising: 
receiving a selection of a word prediction candidate; and 
in response to the selection, displaying the selected candi 

date in an input field on the display. 
19. The method of claim 17, further comprising: 
displaying visual indicia of a character within each dis 

played word prediction candidate corresponding to an 
input member proximal to the detected position of the 
non-typing digit. 

20. The method of claim 17, further comprising weighting 
the word prediction candidates based on a geographical loca 
tion of a user. 

21. The method of claim 17, further comprising weighting 
word prediction candidates in which a next character corre 
sponds to an input member located under the non-typing digit 
greater than word prediction candidates in which a character 
following the next character corresponds to the input member 
located under the non-typing digit. 

22. The method of claim 17, wherein detecting the first 
position of the non-typing digit comprises: 

detecting one or more X-Y coordinate pairs associated 
with the non-typing digit; 

Selecting one of the coordinate pairs; and 
Selecting an input member associated with the selected 

coordinate pair. 
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23. The method of claim 17, wherein the position is sensed 
by capacitive sensors integrated with, situated above, or situ 
ated under the input members. 

24. A non-transitory computer readable medium storing 
instructions to cause a processor to perform operations com 
prising: 

receiving an input of one or more characters by a first 
typing digit, 

detecting a first position of a non-typing digit while receiv 
ing the input by the first typing digit, wherein the non 
typing digit is a digit other than the typing digit: 

generating a motion vector for the non-typing digit based 
on the first position and a second position of the non 
typing digit, 

determining based on the motion vector and the second 
position a likely next input character; and 

generating at least one word prediction candidate based on 
the input and the likely next input character. 

25. The computer readable medium of claim 24, further 
comprising: 

receiving a selection of a word prediction candidate; and 
in response to the selection, displaying the selected candi 

date in an input field on the display. 
26. The computer readable medium of claim 24, further 

comprising: 
displaying visual indicia of a character within each dis 

played word prediction candidate corresponding to an 
input member proximal to the detected position of the 
non-typing digit. 

27. The computer readable medium of claim 24, further 
comprising weighting the word prediction candidates based 
on a geographical location of a user. 

28. The computer readable medium of claim 24, further 
comprising weighting word prediction candidates in which a 
next character corresponds to an input member located under 
the non-typing digit greater than word prediction candidates 
in which a character following the next character corresponds 
to the input member located under the non-typing digit. 

29. The computer readable medium of claim 24, wherein 
detecting the first position of the non-typing digit comprises: 

detecting one or more X-Y coordinate pairs associated 
with the non-typing digit; 

selecting one of the coordinate pairs; and 
selecting an input member associated with the selected 

coordinate pair. 
30. The computer readable medium of claim 24, wherein 

the position is sensed by capacitive sensors integrated with, 
situated above, or situated under the input members. 

31. An apparatus, comprising: 
memory; 
a keyboard having a plurality of input members for receiv 

ing inputs; and 
one or more processors configured to: 

receive an input of one or more characters by a first 
typing digit: 

detect a first position of a non-typing digit while receiv 
ing the input by the first typing digit, wherein the 
non-typing digit is a digit other than the typing digit: 

generate a motion vector for the non-typing digit based 
on the first position and a second position of the non 
typing digit: 

determine based on the motion vector and the second 
position a likely next input character; and 
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generate at least one word prediction candidate based on 
the input and the likely next input character. 

32. The apparatus of claim 31, the one or more processors 
further configured to: 

receive a selection of a word prediction candidate; and 
in response to the selection, display the selected candidate 

in an input field on the display. 
33. The apparatus of claim 31, the one or more processors 

further configured to: 
display visual indicia of a character within each displayed 
word prediction candidate corresponding to an input 
member proximal to the detected position of the non 
typing digit. 

34. The apparatus of claim 31, further comprising weight 
ing the word prediction candidates based on a geographical 
location of a user. 

35. The apparatus of claim 31, the one or more processors 
further configured to weight word prediction candidates in 
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which a next character corresponds to an input member 
located under the non-typing digit greater than word predic 
tion candidates in which a character following the next char 
acter corresponds to the input member located under the 
non-typing digit. 

36. The apparatus of claim 31, wherein detecting the first 
position of the non-typing digit, the one or more processors 
further configured to: 

detect one or more X-Y coordinate pairs associated with 
the non-typing digit; 

select one of the coordinate pairs; and 
select an input member associated with the selected coor 

dinate pair. 
37. The apparatus of claim 31, further comprising capaci 

tive sensors integrated with, situated above, or situated under 
the input members. 


