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DYNAMIC TEXT INPUT USING ON AND 
ABOVE SURFACE SENSING OF HANDS AND 

FNGERS 

TECHNICAL FIELD 

The present invention relates generally to computer hard 
ware and software. More specifically, it relates to data entry 
systems, virtual keyboards, and various types of display 
Surfaces. 

BACKGROUND OF THE INVENTION 

Touch screen displays have become increasingly com 
mon, particularly on Smart phone and tablet computing 
devices, but they are also being used on larger spaces. Such 
as table tops, white boards, and other surfaces in both public 
and private settings. The space on Such displays is often 
limited and should be used efficiently. Large displays, Such 
as interactive tabletop displays and Smaller ones, such as 
tablets, are in need of an efficient and convenient text entry 
method. 
New technologies where a display acts as a visual sensor 

detecting hands and fingers above the Surface enable a new 
input method are now available. On larger Surfaces, the 
keyboard may be at one location and the user may want to 
enter text at a different location. If there are multiple users 
using a table top, touch screen Surface. Such as MS Surface 
from Microsoft Corporation, then multiple keyboards may 
become an issue if they start taking up too much space on the 
Surface. 

While there are some virtual keyboards, any touch screen 
surface where a virtual keyboard can be implemented may 
give rise to the problems mentioned above as well as other 
issues, such as ergonomic issues. The virtual keyboard may 
also appear centered horizontally over a text input field and 
vertically along bottom part of the surface device. The first 
key press defines the layout; keyboard does not follow 
finger. Many people are able to touch type and use muscle 
memory where their movements are repetitive and predict 
able. It would be desirable to take advantage of a user's 
muscle memory, since users often do not look at keyboards 
or even at Screens. Also, physical keyboards are expensive 
and often difficult to maintain, especially public ones. 

SUMMARY OF THE INVENTION 

General aspects of the invention include, but are not 
limited to methods, systems, apparatus, and computer-read 
able media for enabling message transmission in multimedia 
device networks. 
One aspect of the present invention is a method of 

implementing a virtual keyboard in a computing system 
having a touch screen display. A user places his hands above 
the display and one or more sensors below or near the 
display detects the user hands. The system tracks finger 
movements above the display Surface. Initially, there may 
not be any significant movement, until the user starts typing, 
at which point there is likely a finger that moves the fastest. 
The system determines which finger is the fastest moving 
finger. It uses this data to determine a keyboard key that the 
user is most likely going to touch or type, referred to as a 
most probable key, with the fastest moving finger. The 
system detects contact on the touch screen display by the 
fastest moving finger. 

In one embodiment, it is determined whether the fastest 
moving finger touches a key that is not the most probable 
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2 
key, referred to as a less probable key. Based on this 
determination, the system is updated to reflect that a less 
probable key was touched. In this manner, the user typing 
habits may be used to modify the virtual keyboard. The user 
typing-related historical data or statistics data is stored and 
used to adjust the position and size of the keys of the virtual 
keyboard on the display Surface. In one embodiment, the 
most probable key is displayed on the display surface before 
the fastest moving finger touches the display Surface. Mul 
tiple less probable keys may also be displayed before the 
fastest moving finger touches the Surface. In one embodi 
ment, the user registers or logs in with the system imple 
menting the virtual keyboard and a user typing profile is 
retrieved. 

Another aspect of the invention is a method of entering 
text using a virtual keyboard. The hands and fingertips of the 
user (the person typing or entering the text) are outlined. The 
keyboard size and position on the display Surface are deter 
mined. The user's fingertips are identified and a fastest 
moving finger is determined. Once this finger has been 
determined, a portion of the virtual keyboard is shown on the 
display surface, where the portion that is shown is deter 
mined based on the fastest moving finger. 

In another aspect of the present invention, a computing 
system for implementing a virtual keyboard having a touch 
screen display is described. Such a system may be a tablet 
computing device, a computing system fashioned as a table 
or part of a wall having a comparatively larger touch screen 
display that one or more users can type on using virtual 
keyboards at the same time. The system has a process and, 
as mentioned, a touch screen display. A sensor is used to 
track hands, fingers, and fingertips that are above the display. 
In one embodiment, the sensor is under or near the display 
positioned in a manner that allows them to detect move 
ments above the display. A memory in the computing system 
stores various types of data and Software related to imple 
menting a virtual keyboard. Certain types of data may 
include user typing profiles and predetermined key position 
data that reflects the position of keys in a standard QWERTY 
keyboard. Certain types of Software may include a key 
determination module for determining the fastest moving 
finger and, in one embodiment, a finger speed detection 
module for measuring the speed of the fastest moving finger. 
In another embodiment, the memory may also store a 
statistics module for processing data on which key of the 
virtual keyboard was touched if a most probable key was not 
touched and updating a user typing-related profile. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention and the advantages thereof may best be 
understood by reference to the following description taken 
in conjunction with the accompanying drawings in which: 

FIG. 1 is a top view diagram showing a pair of hands over 
a touch screen display Surface; 

FIGS. 2A to 2C show various embodiments of a partial 
virtual keyboard display when the user moves certain fingers 
downward ; 

FIG. 3 is a flow diagram of a process of implementing a 
virtual keyboard in accordance with one embodiment of the 
present invention; 

FIG. 4 is a flow diagram showing in some more detail a 
process of updating the statistical data when the user hits a 
Surrounding key in accordance with one embodiment of the 
present invention; 
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FIG. 5 is a system block diagram of a computing system 
having a touch screen display and a virtual keyboard in 
accordance with one embodiment of the present invention; 
and 

FIGS. 6A and 6B are diagrams of a computing device 
Suitable for implementing embodiments of the present 
invention. 

In the drawings, like reference numerals are sometimes 
used to designate like structural elements. It should also be 
appreciated that the depictions in the figures are diagram 
matic and not to scale. 

DETAILED DESCRIPTION OF THE 
INVENTION 

With respect to touch screen displays, technology cur 
rently is available where a hand, fingers, or other objects that 
are hovering or above the Surface can be detected using 
cameras located under the Surface (tracks hands above 
display surface). By observing the typist’s hands from below 
(i.e., from perspective from display itself), the system may 
predict which letter may be typed next. In this manner, 
displaying a full virtual keyboard is not necessary anymore. 
A technology known as wedge optics provide Such sensors. 
Another technology involves a semi-transparent tabletop 
display with video cameras underneath the display facing 
up. There is also pixel-sensing technology. These types of 
technologies can be used to detect and outline a users hand, 
fingers, and fingertips above the display Surface (there are 
distance restrictions, but none of which impede the present 
invention). 

Touch screen displays are appearing in public and private 
environments. The user puts his hands over the surface. The 
user may be placing them in a typing position, but without 
any of the fingers touching the Surface. The shape of the 
hands is detected and the fingers may be outlined. For 
example, the sensors may detect the pattern of one or more 
hands and fingers. The Software may initialize once it detects 
the outline of the user's hands. 

The user starts to move a finger to type a letter. The hand 
and finger configuration is used to determine what is referred 
to as the “most probable key” that the user is likely to hit. 
Once the most probable key is determined, the system stores 
the value in memory. In addition, the Surrounding keys may 
also be stored. This may range from one to about 16 keys. 
The Surrounding keys of a particular key are pre-determined 
or fixed, given the key layout of the QWERTY keyboard 
does not change, and are associated with the particular key. 

If the users touch input action is ambiguous, the system 
may display a small section of the keyboard just under the 
hand or, more specifically, under the finger that is typing, 
consisting of the key that is about to be "hit' as well as 
several neighboring keys, giving the typist an opportunity to 
correct herself or let the system decide the key most likely 
to be hit. 

Various embodiments utilize information about the posi 
tion of the hands and fingers hovering above the display with 
information about where the fastest moving finger touches 
the display. Keyboard key recognition (typing recognition) 
is optimized with these two sources of information over 
time, adjusting to user preferences. 
Once the most probable key is identified, it may be 

displayed on the touch screen Surface. The Surrounding keys 
may also be displayed in a less prominent manner, for 
example, less bolder or Smaller in size. The configuration of 
the keys may be displayed in a standard manner (e.g., the 
display may be size of a conventional physical keyboard), 
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4 
but can change to reflect users typing habits over time. The 
layout of the keyboard and the size of the keys can be 
adjusted. The key may be displayed before and after the user 
touches the particular key. 

If the user hits one of the surrounding keys instead of the 
most probable key, the system keeps track of this action; that 
is, hitting one of the less probable keys and may be used to 
update the user typing profile via a background processor. 
The system may use statistics data to change the configu 
ration of the keyboard. Statistics about finger and hand 
postures may be gathered for each user and may be used to 
adapt to the user's preferred keyboard size. 
Even though the keyboard is co-located with visual dis 

play, it minimizes the amount of display space utilized (and 
as a result content that may be blocked or obscured) since 
only a few keys or one is displayed at any point. This saves 
power as well. 
The text entry or keyboard is position independent. The 

user can start typing anywhere on the Surface and the input 
area may follow the users hand, dynamically adjusting to 
the hand position. A partial virtual keyboard may be dis 
played. This may help with ambiguous text input. Visual 
feedback may be provided which allows the user to correct 
which key she is about to press. 

Methods and systems for implementing a virtual keyboard 
on a touch screen Surface are described in the various 
figures. FIG. 1 is a top view diagram showing a pair of hands 
over a touch screen display surface. A pair of user hands 102 
is hovering above a surface 104 and in a position and 
configuration where the user is ready to begin typing on a 
virtual keyboard (not shown) in the area generally beneath 
hands 102. The user can place her hands at any distance from 
the edge of surface 104. In the described embodiment, touch 
screen display surface 104 is a table top and FIG. 1 shows 
only a portion of the table surface. In other embodiments, 
surface 104 may be a display of a tablet computer or other 
display Surface where a user can comfortably or naturally 
place her hands over and begin typing. Generally such a 
Surface is horizontal although it can be a slight incline. As 
described below, the display surface or table has certain 
hand and finger tracking capabilities in that there may be 
sensors or optical capabilities that enable the perspective of 
looking up from display Surface 104. For example, a tech 
nology known as wedge optics, demonstrated by Microsoft 
Applied Sciences Group, can be used to track hands over a 
display surface. Microsoft Surface is a commercially avail 
able touch screen surface device available from Microsoft 
Corp. of Redmond, Wash. 

FIGS. 2A to 2D are top view diagrams illustrating dif 
ferent virtual keyboard displays that may be shown when a 
user begins typing in accordance with various embodiments 
of the present invention. A user places her hands over 
surface 104 as shown in FIG.1. As described in detail below, 
when a finger begins moving downward at a speed faster 
than the other fingers (which are generally still), one or more 
keys or, in some cases, no keys, may be displayed on Surface 
104. 

FIG. 2A shows one embodiment of a partial virtual 
keyboard display when the user moves left index finger 202 
downward. In the described embodiment, lateral or upward 
movement of fingers does not trigger the operations of 
displaying or activating the virtual keyboard. It is only the 
downward movement of a finger that will do so. Before the 
user starts typing and touches Surface 104 with a finger, a 
particular key 204, is displayed. In the described embodi 
ment, the internal operations, this key is referred to as the 
most probable key. In this example, it is the F key. How this 
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key is determined is described below. Other surrounding 
keys, which may be referred to as less probable keys, may 
also be displayed, shown collectively as keys 206. They are 
keys for letters R. T. G., and V. In the described embodiment, 
keys 206 may be displayed in a less prominent manner than 
most probable key 204. For example, they may be dimmer 
or smaller than the display of key 204. Less probable keys 
206 may also consist of fewer keys, for example, they may 
include only keys for letters R and V. They may also consist 
of more keys, such as all the keys on the left side of the 
virtual keyboard. The specific number can vary depending 
on the design choices, the environment, and the type of users 
expected. 

In FIG. 2B, the right hand middle finger 207 is moving 
downward and the key for the letter K is displayed as a most 
probable key 208 on the virtual keyboard before finger 207 
touches display 104. A less probable key 210 for the letter 
I is also displayed. As noted, more keys may be displayed or 
no keys. The size of the keys (i.e., the size of the overall 
keyboard) may also vary depending on the context in which 
the virtual keyboard is being used. FIG. 2C shows another 
example of a virtual keyboard display. The user's left thumb 
212 moves downward presses the spacebar key which is 
determined to be a most probable key 214 and is the only key 
that is displayed. In another embodiment, no keys are 
displayed when the user touches surface 104. For example, 
the user may be an experienced virtual keyboard user and 
may not need to see the keys displayed because the system 
has been trained to accurately anticipate or know her typing 
habits and is able to accurately predict the key she will hit 
when her finger moves down and before it hits surface 104. 
In other cases, as noted, only the most probable key may be 
displayed. If the user hits the most probable key, but had 
intended to hit a Surrounding key and goes back to correct 
it, the system can incorporate this knowledge to make the 
typing on the virtual keyboard more accurate for that user. 

It should be noted that the user may begin typing any 
where on display surface 104. The virtual keyboard may be 
displayed anywhere on Surface 104. In some cases, such as 
on tablets, there may only be space to display it one or two 
ways. There may also be multiple users using multiple 
virtual keyboards at different locations around display sur 
face 104. Each user can type on a separate virtual keyboard 
while others are typing on the same display Surface 104. In 
one embodiment, the system may not allow two virtual 
keyboards to overlap. That is, if the keyboards were fully or 
partially displayed, keys from each one may not occupy the 
same display space on Surface 104. 

FIG. 3 is a flow diagram of a process of implementing a 
virtual keyboard in accordance with one embodiment of the 
present invention. Before the process begins, power for the 
computing system including the display Surface has been 
turned on and the sensors for detecting hand and finger 
movement are functioning. The user (the person who will be 
typing) has placed her hands over the Surface and is ready to 
enter data into the system using the virtual keyboard. As 
noted above, the Surface on which the user will begin typing 
may be a table surface, where part of or the entire table top 
is a touch screen display, or a smaller Surface. Such as a 
portable tablet PC, to mention only two examples. At step 
302 the sensors obtain an outline of the user's hands as she 
places them above the display (typing Surface) in a typing 
ready position. At generally the same time, or soon after the 
outline of hands is obtained, the user's finger configuration 
is obtained by the same sensors. At step 302 the outline of 
the hands is one set of data that may be referred to as hand 
outline data and the finger configuration may be seen as a 
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6 
separate set of data. The hand outline data and finger 
configuration data may be determined by the type of sensors 
used. In one embodiment, they may both be in the same data 
set, referred to as hands outline data. Further detection or 
identification of the fingers, specifically, the fingertips is 
performed, as described below. 
At step 304 the system determines a size and position of 

the keyboard to be displayed on the surface. That is, how big 
the keyboard should be and where it should be displayed on 
the surface. This keyboard display is a virtual keyboard in 
that it is not a physical keyboard but an image of a functional 
keyboard on the display which is displayed only when 
needed. The size and position of the keyboard may be 
determined, in large part, from examining the hand and 
finger outline data from the previous step. By using this data, 
a software module in the system determines an optimal size 
of the keyboard given the size and configuration of the user's 
hands and fingers. It also determines where on the display 
surface the virtual keyboard should be displayed. In another 
embodiment that may be less computational, a standard size 
keyboard may be used for all hand and finger sizes. The 
position of the keyboard is still determined and displayed 
based on the users hand position. The goal being that if the 
display Surface is large, like a table Surface, the user can sit 
anywhere around the table display, put her hands over the 
surface and be able to type comfortably. Once the keyboard 
size, orientation, and position have been determined, the 
corresponding data is saved in System memory. In one 
embodiment, the data may be organized by storing data for 
the left half of the keyboard in one file or as one data set and 
data for the right half of the keyboard in another file or data 
Set. 
At step 306 sensors identify the user's fingertips. Com 

mercially available sensors, such as high-frame rate cameras 
from Artray of Tokyo, Japan or Point Grey of Richmond, 
Canada, are able to perform this function. Each fingertip is 
assigned an identifier which is stored in memory. These 
identifiers should be unique for each fingertip and can have 
any suitable format as selected by the system designer. 
Along with the identifier, the position of each fingertip and 
the radius or size may also be stored. The radius size may be 
in millimeters, centimeters, inches, and the like. Proprietary 
unit of measurement may also be used. For example, a unit 
may be 5 millimeters, and a fingertip may be 10 or 12 units 
in size. The same sensors used for obtaining the outline of 
the hands and finger configuration may also be used for 
measuring the size of the fingertips. The position data may 
be a Cartesian (x,y) coordinate indicating a position on the 
display Surface directly above which a fingertip is posi 
tioned, where the display surface is referenced as a hori 
Zontal plane. This may be described as an absolute position 
of the fingertip on the display Surface. In another embodi 
ment, a Z coordinate to measure the distance of the fingertip 
above the surface may also be determined. However, this 
may be computationally intensive and is not needed for 
displaying a virtual keyboard. The display Surface may be 
stored internally as a two-dimensional Cartesian graph and 
any point on the Surface may be identified by an X and y pair. 
Thus, in one embodiment, each fingertip may have an ID, 
position data, and size (radius) data. 
At step 308 the sensors detect fingertip movement. Ini 

tially, before the user begins typing and has her hands above 
the typing Surface, there is typically some minor or slight 
movement of the fingers and hands. Speed data reflecting 
this slight movement may be saved by the system. Once the 
user starts typing, there is significantly more movement in 
one of the fingers, specifically, a fast downward movement. 
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At step 310, the sensors detect that there is fast downward 
movement of one of the fingertips. Typically, users move 
one finger at a time when typing. Once identified, the ID for 
the fastest fingertip is retrieved from memory. It is this finger 
ID of the selected finger that is used for further processing. 
At step 312 the system determines the horizontal position 

of the selected fingertip. In one embodiment, this horizontal 
position is position data of the fingertip relative to the initial 
horizontal position of the other fingertips. This relative 
position may be described as the position of the selected 
fingertip on the QWERTY grid relative to its default position 
in the hand coordinate system. The hand coordinate system 
may be described as the virtual QWERTY keyboard as a grid 
or coordinate system. Generally, the relative position may be 
described as, for example, 1 key up, 2 keys down, 1 key to 
the left or to the right, and so on. These describe the position 
of the selected fingertip with respect to its default position, 
or the key that it would press if it came straight down. It is 
the coordinate of the finger at step 306, where the fingertips 
are identified and assigned IDs and position coordinates. It 
may also be described as the position of the fastest moving 
fingertip relative to the other fingers. The data produced by 
this step may be fingertip offset data normalized by fingertip 
size. As noted above, the offset data may be generally 
characterized as the number of keys up, down, left, or right 
from a center/default key. This data may be normalized by 
the actual size of the fingertip. For example, a smaller than 
typical fingertip may mean a smaller offset (e.g., 1 key up), 
whereas a larger size may mean a larger offset (e.g., 2 keys 
up) from the default. 

At step 314 the system retrieves predetermined virtual 
keyboard data associated with the fastest or selected finger 
tip. In one embodiment, each finger has associated keyboard 
data which consists of one key. As noted above, this key is 
referred to as the most probable key. It may consist of a 
character and a coordinate. For example, if the fastest 
moving fingertip is the left middle finger, the predetermined 
data that is retrieved from memory may be the key for the 
letter D and its x,y coordinate. In other embodiments, only 
the coordinate or position data of the most probable key is 
retrieved. This is the key that the system believes is the one 
the fastest moving finger is likely to press when the fingertip 
touches the display Surface. 

In one embodiment, the system may be trained to adjust 
which key will be the most probable key by taking into 
account the typist's typing habits. For this learning function, 
the system maintains a database containing statistical data 
about user's previous typing and corrections. For example, 
maybe the D key is not the most probable key that will be 
hit when the user's left middle finger is moving downward. 
Based on history and statistics for this user, maybe the most 
probably key should be the key C (immediately below the D 
key) or the E key (above D). Details on this process are 
described further in FIG. 4. 
At step 316 partial keyboard data is retrieved using the 

predetermined data, which in one embodiment is the most 
probable key determined at step 314. In one embodiment, 
this data may consist of the most probable key and the 
Surrounding keys in the half of the keyboard containing the 
most probable key. The size and positions of the Surrounding 
keys are determined by the standard QWERTY layout or a 
custom layout preselected by the user. The Surrounding keys 
(less probable keys) are predetermined for each key. That is, 
each key has a set of Surrounding keys as shown in the 
figures. The number of Surrounding keys may vary from one 
or two keys up to 16 keys, for example, an entire half of the 
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8 
key in which the most probable key is in. In the example 
above, it may be the entire left half of the keyboard. 
At step 318 the partial keyboard data is displayed on the 

touch screen Surface. In one embodiment, the display con 
sists of the most probable key and the Surrounding keys. As 
noted above, in other embodiments, it may consist of only 
the most probable key. The number of surrounding keys that 
is displayed may depend on the user's experience level. A 
new user (or one that has not registered with the system and 
for whom the system does not have any typing history data) 
may have all Surrounding keys displayed, such as an entire 
half of a keyboard. An experienced user may have only the 
most probable key displayed. 
As noted above, the most probable key may be more 

prominent, such as bolded, highlighted, or larger in size than 
the Surrounding keys, if any are part of the partial data. It is 
also possible that no partial data is actually displayed. This 
may be preferred for an experienced user who does not need 
to see the keys (and relies heavily on muscle memory) and 
may be using a battery-operated tablet or computing device 
and wants to save power. The selected finger touches the 
surface of the display. If the finger hits the most probable 
key, then the system made the correct estimate as to which 
key the user was going to hit based on the factors described 
above and no modification or learning needs to be done by 
the system. If any data is saved, that data may reflect or 
confirm that the most probable key that was determined (at 
steps 314 to 318) was, in fact, correct. 
At step 320 the predetermined data stored in the system 

memory may be modified if the user did not touch the most 
probable key and instead hit one of the Surrounding keys. 
This fact is processed by the system to make adjustments to 
the predetermined data and the partial data for that particular 
user. In one embodiment, in order for the learning and 
statistics feature to have significance, the user registers with 
the system so that a user profile can be created. Thus, at Step 
320 the predetermined data is updated based on the actual 
key selected by the user or if the user hit a key and went back 
to correct it. The statistical data for the user is updated if the 
user has a profile. 

Immediately after the user touches the key on the virtual 
keyboard, control returns to step 308 where fingertip move 
ment is detected and the process repeats. The process repeats 
for each key pressed. Updating the statistical database and 
modifying the predetermined data and the partial data may 
occur as background processes while the user is typing. 

FIG. 4 is a flow diagram showing in some more detail a 
process of updating the statistical data when the user hits a 
Surrounding key in accordance with one embodiment of the 
present invention. The process may be described as a user 
profile updating and system learning process. However, the 
system may still learn from unregistered users who do not 
have a profile. For example, if a sufficiently high number of 
people hit a specific Surrounding key when the system 
anticipates that they will hit another key, i.e., the most 
probable key, then the system can modify its predetermined 
data and other statistical data to reflect that. 
At step 402 the system retrieves a user typing profile after 

the user registers with the system. The registration may be 
done in a number of conventional ways, Such as logging in, 
doing a face scan or eye scan, and other methods. In other 
embodiments, the user does not have to register and does not 
have to have a user profile. However, in the described 
embodiment, a user profile is retrieved and is updated based 
on the key that the user actually pressed. The user profile 
contains data reflecting the user's typing habits and other 
ergonomic data about how the user types, specifically about 
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the user's finger and fingertip movement when typing, plus 
preferred keyboard and key size. 
The process then picks up when the system detects that 

the most probable key was not pressed and that one of the 
Surrounding keys was pressed instead at step 404. At step 
406 the system obtains data on which key was actually 
pressed. That is, the system was expecting that the D key 
would be pressed but instead the C key was pressed. This 
fact is processed and the predetermined keyboard data for 
the D key and the C key are modified, effectively shifting the 
virtual keyboard layout. Generally, the predetermined key 
board data for the selected finger is modified and stored in 
memory. If this occurs a sufficient number of times for the 
user, then the next time the user's selected finger is config 
ured in the same position, the partial keyboard data (most 
probable key plus surrounding keys) will have the C key as 
the most probable key and the D key will be one of the 
Surrounding keys. This will be part of the user's typing 
profile and the process is complete. It can repeat as many 
times as necessary whenever the user essentially hits a key 
that the system did not anticipate as being the most probable 
key. 

FIG. 5 is a system block diagram of a computing system 
having a touch screen display and a virtual keyboard in 
accordance with one embodiment of the present invention. 
The components shown in computing system 500 are spe 
cifically relevant to the present invention of implementing a 
virtual keyboard as a means for entering data using a touch 
screen surface. FIGS. 6A and 6B, described below, are block 
diagrams showing other hardware and Software components 
in the computing system. 
As described above, there are various types of data 

utilized in various embodiments. These data are stored in 
persistent memory 502 in computing system 500. As 
described in step 302, the system uses and stores virtual 
keyboard size data and data on the position of the virtual 
keyboard on the display surface. This data 504 may be in the 
form of coordinate data (x,y) or any other Suitable data units 
that the system can use to indicate the size and position of 
the virtual keyboard on the display. Also stored are fingertip 
coordinate data and fingertip ID data 506. This data is 
determined at step 306. Also related to the virtual keyboard 
itself is keyboard key data 508 which includes the prede 
termined data described above and the partial keyboard data. 
It contains the predetermined data associated with a selected 
fingertip (the most probable key data) in the form of a 
character (key F and the coordinates for that key). It also 
contains the partial keyboard data associated with the pre 
determined data, specifically some, one, or all of the Sur 
rounding key layouts for the most probable key. Recall that 
each key may have anywhere from one to about 16 Sur 
rounding keys. Also contained in memory 502 are the user 
typing profiles 510 which can be in any suitable format. As 
noted, they contain data on the user typing preferences and 
habits for a particular user. 

Also shown in computing system 500 are one or more 
sensors 512 in or operating in conjunction with the display 
Surface. These sensors may include sensors for detecting 
hands, fingers, fingertips, finger movement, and the like. 
Various types of sensors may be used for these functions, as 
described above. There may also be face tracking sensors 
and other sensors used for identifying a user. Sensors 512 
also have software 514 for controlling and operating the 
sensors and processing data. 

There are also various modules for performing functions 
specific to the present invention. For example, there may be 
a module 516 for determining finger speed and which finger 
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is moving downward the fastest. The raw data for this will 
come from the sensors 512, but module 516 may be used for 
determining the fastest finger. Another module 518 may be 
used for collecting and processing statistical data with 
respect to the users typing habits and using the statistical 
data to improve the systems ability to determine the most 
probable key. Another module that may be used is module 
520 to determine the most probable key based on the user's 
finger movement, orientation, fingertip size, and other data 
as described above. The system also has a touch screen 
display 522 which is used to implement the virtual keyboard 
and that the user uses to enter data into the system. Various 
types of touch screen technology may be used, however, 
Some may be more Suitable depending on the type of sensors 
512 used to tracks hands and fingers above the surface. 
As noted above, the computing system may be, for 

example, a tablet computer or a Surface computer device. 
FIGS. 6A and 6B illustrate a computing system 600 suitable 
for implementing specific embodiments of the present 
invention. FIG. 6A shows one possible physical implemen 
tation of a computing system, Such as Surface computer 
device. In one embodiment, system 600 includes a display 
604. It may also have a keyboard 610 that is shown on 
display 604 (i.e., a virtual keyboard) or may be a physical 
component that is part of the device housing. It may have 
various ports such as HDMI or USB ports (not shown). 
Computer-readable media that may be coupled to device 600 
may include USB memory devices and various types of 
memory chips, Sticks, and cards. 

FIG. 6B is an example of a block diagram for computing 
system 600. Attached to system bus 620 is a variety of 
subsystems. Processor(s) 622 are coupled to storage devices 
including memory 624. Memory 624 may include random 
access memory (RAM) and read-only memory (ROM). As 
is well known in the art, ROM acts to transfer data and 
instructions uni-directionally to the CPU and RAM is used 
typically to transfer data and instructions in a bi-directional 
manner. Both of these types of memories may include any 
suitable of the computer-readable media described below. A 
fixed disk 626 is also coupled bi-directionally to processor 
622; it provides additional data storage capacity and may 
also include any of the computer-readable media described 
below. Fixed disk 626 may be used to store programs, data 
and the like and is typically a secondary storage medium that 
is slower than primary storage. It will be appreciated that the 
information retained within fixed disk 626, may, in appro 
priate cases, be incorporated in Standard fashion as virtual 
memory in memory 624. 

Processor 622 is also coupled to a variety of input/output 
devices such as display 604 and network interface 640. In 
general, an input/output device may be any of video dis 
plays, keyboards, microphones, touch-sensitive displays, 
tablets, styluses, voice or handwriting recognizers, biomet 
rics readers, or other devices. Processor 622 optionally may 
be coupled to another computer or telecommunications 
network using network interface 640. With such a network 
interface, it is contemplated that the CPU might receive 
information from the network, or might output information 
to the network in the course of performing the above 
described method steps. Furthermore, method embodiments 
of the present invention may execute solely upon processor 
622 or may execute over a network such as the Internet in 
conjunction with a remote processor that shares a portion of 
the processing. 

In addition, embodiments of the present invention further 
relate to computer storage products with a computer-read 
able medium that have computer code thereon for perform 



US 9,430,145 B2 
11 

ing various computer-implemented operations. The media 
and computer code may be those specially designed and 
constructed for the purposes of the present invention, or they 
may be of the kind well known and available to those having 
skill in the computer Software arts. Examples of computer 
readable media include, but are not limited to: magnetic 
media Such as hard disks, floppy disks, and magnetic tape; 
optical media such as CD-ROMs and holographic devices: 
magneto-optical media Such as floptical disks; and hardware 
devices that are specially configured to store and execute 
program code, such as application-specific integrated cir 
cuits (ASICs), programmable logic devices (PLDs) and 
ROM and RAM devices. Examples of computer code 
include machine code, such as produced by a compiler, and 
files containing higher-level code that are executed by a 
computer using an interpreter. 

Although illustrative embodiments and applications of 
this invention are shown and described herein, many varia 
tions and modifications are possible which remain within the 
concept, scope, and spirit of the invention, and these varia 
tions would become clear to those of ordinary skill in the art 
after perusal of this application. Accordingly, the embodi 
ments described are illustrative and not restrictive, and the 
invention is not to be limited to the details given herein, but 
may be modified within the scope and equivalents of the 
appended claims. 
What we claim is: 
1. A method of implementing a virtual keyboard, the 

method comprising: 
detecting a hand above a display Surface; 
tracking at least one finger movement of at least one finger 

of the hand before the at least one finger touches the 
display Surface; 

determining a fastest moving finger of the at least one 
finger, 

retrieving predetermined key configuration data corre 
sponding to the fastest moving finger, 

determining, based on the predetermined key configura 
tion data corresponding to the fastest moving finger, a 
most probable key that the fastest moving finger is 
likely to touch before the fastest moving finger touches 
the display Surface; 

adjusting the display Surface by displaying one or more 
virtual keys on the display surface before the fastest 
moving finger touches the display Surface, wherein the 
one or more virtual keys displayed includes the most 
probable key: 

detecting contact on the display Surface by the fastest 
moving finger, and 

Selectively updating the predetermined key configuration 
data corresponding to the fastest moving finger based 
on the contact detected; 

wherein the predetermined key configuration data corre 
sponding to the fastest moving finger is updated in 
response to the fastest moving finger touching a dif 
ferent virtual key than the most probable key; and 

wherein each finger has corresponding predetermined key 
configuration data comprising information relating to a 
most probable key that the finger is likely to touch. 

2. The method of claim 1, further comprising: 
tracking at least one downward finger movement of at 

least one finger of the hand before the at least one finger 
touches the display Surface; 

determining whether the fastest moving finger touches a 
less probable key instead of the most probable key; and 

Selectively updating a user typing profile including data 
representing one or more user typing habits based on 
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the contact detected, wherein the user typing profile is 
updated to incorporate data that the less probable key 
was touched in response to determining that the fastest 
moving finger touched the less probable key, thereby 
using the one or more user typing habits to modify the 
virtual keyboard; 

wherein the virtual keyboard is displayable anywhere on 
the display Surface. 

3. The method of claim 1, wherein selectively updating 
the predetermined key configuration data corresponding to 
the fastest moving finger based on the contact detected 
comprises: 

determining whether the fastest moving finger touches a 
less probable key instead of the most probable key; and 

updating the predetermined key configuration data corre 
sponding to the fastest moving finger in response to 
determining that the fastest moving finger touched the 
less probable key to incorporate data that the less 
probable key was touched. 

4. The method of claim 1, further comprising: 
storing user typing historical data; and 
adjusting position and size of at least one virtual key on 

the display surface based on the historical data. 
5. The method of claim 1, wherein displaying one or more 

virtual keys on the display surface before the fastest moving 
finger touches the display Surface includes displaying at 
least one virtual key that is not already displayed on the 
display Surface. 

6. The method of claim 1, wherein displaying one or more 
virtual keys on the display surface before the fastest moving 
finger touches the display surface includes displaying at 
least one less probable key. 

7. The method of in claim 1, further comprising outlining 
the hand and one or more fingers of the hand using one or 
more sensors below the display Surface. 

8. The method of claim 1, further comprising: 
retrieving a user typing profile, wherein the user typing 

profile includes data representing one or more user 
typing habits. 

9. The method of claim 1, further comprising: 
storing one or more coordinates associated with one or 
more fingertips of the hand. 

10. The method of claim 1, wherein, for each finger, 
corresponding predetermined key configuration data com 
prises at least one of a character and a coordinate relating to 
a most probable key that the finger is likely to touch. 

11. The method of claim 9, further comprising: 
assigning a unique identifier to each fingertip. 
12. The method of claim 11, further comprising: 
retrieving an identifier assigned to the fastest moving 

finger. 
13. The method of claim 1, further comprising: 
determining a horizontal position of the fastest moving 

finger. 
14. The method of claim 1, further comprising: 
retrieving partial keyboard data using the predetermined 

key configuration data corresponding to the fastest 
moving finger; and 

based on the partial keyboard data retrieved, displaying a 
partial keyboard including one or more virtual keys on 
the display Surface before the fastest moving finger 
touches the display Surface; 

wherein the partial keyboard minimizes the amount of 
display space utilized on the display Surface; and 

wherein size and position of the partial keyboard is 
determined based on size and position of the hand. 
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15. The method of claim 1, further comprising: 
determining a most probable key that the fastest moving 

finger is likely to touch utilizing data related to user 
typing muscle memory. 

16. A method of entering text using a virtual keyboard, the 
method comprising: 

outlining a hand and one or more fingertips of the hand; 
determining a keyboard size and a keyboard position on 

a display Surface; 
identifying the one or more fingertips of the hand; 
tracking at least one finger movement of at least one finger 

of the hand before the at least one finger touches the 
display Surface; 

determining a fastest moving finger of the at least one 
finger, 

retrieving predetermined key configuration data corre 
sponding to the fastest moving finger, 

based on the keyboard size, the keyboard position, the 
fastest moving finger and the predetermined key con 
figuration data corresponding to the fastest moving 
finger, displaying a partial virtual keyboard on the 
display Surface before the fastest moving finger touches 
the display surface, wherein the partial virtual keyboard 
displayed includes a most probable key that the fastest 
moving finger is likely to touch before the fastest 
moving finger touches the display Surface; 

detecting contact on the display Surface by the fastest 
moving finger, and 

Selectively updating the predetermined key configuration 
data corresponding to the fastest moving finger based 
on the contact detected; 

wherein the predetermined key configuration data corre 
sponding to the fastest moving finger is updated in 
response to the fastest moving finger touching a dif 
ferent virtual key than the most probable key; and 

wherein each finger has corresponding predetermined key 
configuration data comprising information relating to a 
most probable key that the finger is likely to touch. 

17. The method of claim 16, further comprising: 
tracking at least one downward finger movement of at 

least one finger of the hand before the at least one finger 
touches the display Surface. 

18. The method of claim 17, further comprising: 
determining whether the fastest moving finger touches a 

less probable key instead of the most probable key; and 
Selectively updating a user typing profile including data 

representing one or more user typing habits based on 
the contact detected, wherein the user typing profile is 
updated to incorporate data that the less probable key 
was touched in response to determining that the fastest 
moving finger touched the less probable key, thereby 
using the one or more user typing habits to modify the 
virtual keyboard. 

19. The method of claim 17, wherein selectively updating 
the predetermined key configuration data corresponding to 
the fastest moving finger based on the contact detected 
comprises: 

determining whether the fastest moving finger touches a 
less probable key instead of the most probable key; and 

updating the predetermined key configuration data corre 
sponding to the fastest moving finger in response to 
determining that the fastest moving finger touched the 
less probable key to incorporate data that the less 
probable key was touched. 
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20. The method of claim 16, further comprising: 
storing user typing historical data; and 
adjusting the keyboard size and the keyboard position 

based on the historical data. 
21. The method of claim 17, wherein the partial virtual 

keyboard displayed includes at least one virtual key that is 
not already displayed on the display Surface. 

22. The method of claim 16, wherein the partial virtual 
keyboard displayed further includes one or more less prob 
able keys. 

23. The method of claim 16, wherein one or more sensors 
below the display surface are used for outlining the hand and 
the one or more fingertips of the hand. 

24. The method of claim 16, further comprising: 
retrieving a user typing profile, wherein the user typing 

profile includes data representing one or more user 
typing habits. 

25. The method of claim 17, wherein, for each finger, 
corresponding predetermined key configuration data com 
prises at least one of a character and a coordinate relating to 
a most probable key that the finger is likely to touch. 

26. The method of claim 25, further comprising: 
retrieving partial keyboard data using the predetermined 

key configuration data corresponding to the fastest 
moving finger; 

wherein the partial keyboard is further based on the partial 
keyboard data retrieved; and 

wherein the partial keyboard minimizes the amount of 
display space utilized on the display Surface. 

27. The method of claim 16, further comprising: 
assigning a unique identifier to each fingertip. 
28. The method of claim 17, further comprising: 
determining a most probable key that the fastest moving 

finger is likely to touch utilizing data related to user 
typing muscle memory. 

29. A computing system for implementing a virtual key 
board, the system comprising: 

a processor; 
a touch screen display; 
a sensor configured to track a hand and one or more 

fingers of the hand above the touch screen display; and 
a data storage device storing instructions that when 

executed by the processor causes the processor to m 
operations including: 
storing one or more user typing profiles and predeter 
mined key position data for the one or more fingers 
of the hand, wherein each finger has corresponding 
predetermined key configuration data comprising 
information relating to a most probable key that the 
finger is likely to touch; 

determining a fastest moving finger of the hand based 
on at least one finger movement of at least one finger 
of the hand before the at least one finger touches the 
touch screen display; 

retrieving predetermined key configuration data corre 
sponding to the fastest moving finger; 

determining, based on the predetermined key configu 
ration data corresponding to the fastest moving fin 
ger, a most probable key that the fastest moving 
finger is likely to touch before the fastest moving 
finger touches the touch screen display; 

adjusting the touch screen display by displaying one or 
more virtual keys on the touch screen display before 
the fastest moving finger touches the touch screen 
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display, wherein the one or more virtual keys dis 
played includes the most probable key: 

detecting contact on the touch screen display by the 
fastest moving finger, and 

Selectively updating the predetermined key configura 
tion data corresponding to the fastest moving finger 
based on the contact detected; 

wherein the predetermined key configuration data cor 
responding to the fastest moving finger is updated in 
response to the fastest moving finger touching a 
different virtual key than the most probable key. 

30. The system of claim 29, wherein the operations further 
include: 

measure measuring a finger speed of the fastest moving 
finger. 

31. The system of claim 29, wherein the operations further 
include: 

processing data on which key of the virtual keyboard was 
touched in response to determining that the most prob 
able key was not touched; and 

Selectively updating a user typing profile including data 
representing one or more user typing habits based on 
the contact detected, wherein the user typing profile is 
updated to incorporate data that the most probable key 
was not touched, thereby using the one or more user 
typing habits to modify the virtual keyboard. 
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32. The system of claim 29, wherein the operations further 

include: 
operating and managing data from the sensor. 
33. The system of claim 29, wherein the sensor utilizes 

wedge optics technology. 
34. The system of claim 29, wherein selectively updating 

the predetermined key configuration data corresponding to 
the fastest moving finger based on the contact detected 
comprises: 

determining whether the fastest moving finger touches a 
less probable key instead of the most probable key; and 

updating the predetermined key configuration data corre 
sponding to the fastest moving finger in response to 
determining that the fastest moving finger touched the 
less probable key to incorporate data that the less 
probable key was touched. 

35. The system of claim 29, wherein the operations further 
include: 

storing finger coordinate data for the one or more fingers 
of the hand, and keyboard size and position data for the 
virtual keyboard; and 

determining size and position of the virtual keyboard on 
the touch screen display based on the keyboard size and 
position data for the virtual keyboard. 

36. The system of claim 29, wherein the sensor is under 
the touch screen display and is able to detect finger move 
ments above the touch screen display. 
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